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Advancing Human Reliability Analysis in industry
Kristian Gould, Statoil ASA
kgou@statoil.com

Human Reliability Analysis (HRA) is a set of structured methods used to assess human
performance. The need for HRA has emerged from the realization that human performance
contributes significantly to both major accident and personal injury risk, as well as to
production regularity. HRA is therefore commonly as a supplement to (technical) risk
analyses, where human reliability typically is not given close scrutiny.

The purpose of HRA is to identify and quantify human error probabilities, as well as
determine the effect of various mitigative measures, usually referred to as “barriers”. More
than 40 different HRA methodologies and taxonomies exist today. Many of these are context-
specific, and have been developed for use in e.g. nuclear industry or aviation. HRA methods
also vary considerably in complexity and skill requirements, with an orders-of-magnitude
difference in analysis time between different methods. The underlying models used in HRA
have also evolved, with a corresponding change in analysis approach.

There is no ubiquitous HRA method today, neither within nor across industries. There are
some common denominators for HRA methods, however: That error probability can be
identified, modelled and quantified. Furthermore, most methods employ the concept of
performance-shaping factors (PSFs), which describe causes or contributors to unsafe human
actions, and are used to weight error probability.

Few industries are subject to legislative requirements for HRA, with the notable exception of
the nuclear and aviation sectors. There is considerable opportunity for using HRA in
manufacturing, process industries as well as health care and other sectors. Reasons for why
HRA has not taken hold in more industries, include a) a lack perceived benefit by key
stakeholders, b) difficulty in integration with existing risk analyses and c) lack of consensus
about which methods should be used.

The present paper and papers by Rged, Aho Mathiesen and Bunn will address these

challenges, by demonstrating the use of HRA in established and new settings. It is our goal
to show the benefits of HRA, as employed for different purposes in different industries.
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Human Reliability Analysis in the Nuclear Power Industry
Hella Aho Mathiesen and and Rged, Bjarte Knappen
Scandpower as
bkr@scandpower.com
Introduction

In nuclear power production, safety relies not only on technical barriers, the human
operators are extremely important in order to ensure safe and effective power production.
HRA (Human Reliability Analysis) is used by a NPP (Nuclear Power Plant) to evaluate if and
which human actions that could contribute to risks in the NPP. This presentation aims to
describe the use of HRA in Swedish NPPs and the experiences with HRA in the industry.

Method

This study included a literature survey of three international standards regarding HRA. The
study also included a literature survey of 29 documents from Swedish NPPs describing their
HRA practice and requirements. In addition, five elite interviews were conducted with
persons that have been performed HRA.

Results

The results from the literature survey of the three international standards compiled which
elements a HRA should consist of and their general requirements. The results from the
literature survey of the documents from the Swedish NPPs gives examples of how these
elements have been analysed and interpretations of the general requirements. In general it
could be said that there are slightly different methods used for HRA depending on which
category (A, B or C) actions that are analysed.

For category A actions (e.g. erroneous alignment of valves) a probability value can be
estimated based on for example if the action is check by other crewmembers; if there is
some indication locally/central that a valve has been erroneous aligned or if there is a test of
the component before it is taken into operation. Usually a dependency between actions (in
time or space) or crewmembers performing the action is also accounted for. For category B
actions most often historical data from the unit is used, and otherwise a method based on
expert judgement is applied. For category C actions the probability value is most often
tightly connected to the amount of time available to actually detect and execute the action.
Category C actions often have more of a qualitative description of what has happened
before the action; which instructions that is available and other PSFs that could influence the
behaviour and choices made by the crewmembers. The quantification of these PSFs are
usually done by some sort of point estimate and weighting, to adjust the probability value.
But there are differences in how the units have chosen to do this.

The results from the interviews indicate that it is very hard to transform the more qualitative
results from the HRA into a quantitative value that can work as an input to the PSA. Some of
the interviewees expressed a sort of resignation that it felt as if the qualitative parts of the
HRA weren't seen in the same light as the quantitative parts, and that there is no consensus
on how for example factors that influence the work of the operators (such as stress, the
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guality of instructions, complexity of the task or available time) in a reliable way can be
evaluated quantitatively. This is something that further research could be focused on and
further developed. HRA is an important part of the PSA, not only to give a numerical input to
the PSA but also and maybe foremost, to include a formal analysis, walk-through, and
hopefully a deeper understanding of the operator actions that are of importance to the safety
of the nuclear power plant.
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Human Reliability Assessment in Incident Investigations using
HEART

Bunn, James
Statoil ASA

jbun@statoil.com

Human error has been identified as a causal factor in many incidents, and working with human
factors in incident investigation has subsequently become a focus area for the Norwegian petroleum
industry. This paper focuses on assessing human error during the incident investigation process
through use of the Human Error Assessment and Reduction Technique (HEART). HEART is an
established quantitative human error assessment methodology that was originally developed for use
in the nuclear industry, and is well suited for both high-hazard process control tasks and more
general tasks relating to maintenance. HEART utilises a list of task types in combination with a list of
weighted Error Producing Conditions, equivalent to Performance Shaping Factors, to produce a
guantitative likelihood of task failure.

Three incidents that were assessed using HEART are discussed in terms of the critical tasks involved,
the performance shaping factors used for assessment, and the results of the HEART analysis. How
information critical for the HEART analysis was collected and used, and how the HEART results
fitted into the rest of the investigation and its findings is also discussed.

1. Introduction

Human Reliability Assessment (HRA) attempts to assess a work system against known human
qualities, failure modes, and Performance Shaping Factors to seek out areas or processes where
critical errors can occur, and this information can then be used to improve the system’s robustness
against future human errors. This information can aid allocation of function, whereby the human
operator can use their superior problem solving and experience transfer skills in the system and
machinery and software can perform system condition monitoring functions that they excel at. HRA
techniques abound, with many of them having been developed for or extensively used in the design
and analysis of complex control systems for hazardous processes such as the nuclear industry, rail
industry, air transport industry, and the defence sector.

Serious and fatal incidents that occur across industries regularly reveal evidence of human and
organisational errors. However, in many cases the Human Factors discipline is not well represented in
the investigation team, nor is a Human Factors approach systematically used during the investigation
process. Human Factors is becoming increasingly important in incident investigation, and this in turn
creates a requirement for reliable, relevant, and usable Human Factors tools that can be utilised by
Human Factors professionals or suitably trained investigators.

In this paper I discuss the practical use of one HRA technique, the Human Error Assessment and
Recovery Technique (HEART) developed by Williams (1992), within the context of incident
investigation for both the United Kingdom Health & Safety Executive, and also for Statoil in Norway.
Two case studies are discussed, one involving the investigation of two fatal accident in swimming
pools, and the second a serious process incident at the Mongstad refinery outside Bergen.
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2. The Human Error Assessment and Recovery Technique (HEART)

HEART was developed by Jerry Williams for use in the Nuclear Industry, as a response to recurring
questions from engineers concerning the predictability of particular human errors or human error-
related scenarios. The resultant technique, which took several years to develop, was based upon meta-
studies of empirical data found predominantly in published Human Factors and Psychology literature.
HEART works by an assessor (assumed to be a competent HF practitioner or similar) selecting one of
14 Generic Task Types (GTTs), each with its own inherent predicted likelihood of failure, that most
closely matches the task being assessed. The Generic Task Types vary in complexity, and reflect a
range of tasks that might be encountered in an industrial process involving system control,
procedures, and maintenance. One ‘miscellaneous task’ GTT is also included in the list to allow a
coarse assessment of a task type that does not fit any of the other 13 GTTs. The assessor may then, if
relevant, introduce one or more Error Producing Conditions (EPCs) from a list of 38. The Error
Producing Conditions, which are broadly similar to the concept of Performance Shaping Factors more
familiar to HF practitioners, each have a numerical weighting which reflects their degree of affect
upon the likelihood of task failure. The table of EPC’s is presented in descending order such that the
EPC’s with the highest weighting are at the top of the list. To allow for flexibility, the assessor can
vary the Assessed Proportion of Affect for each EPC to reflect its relative presence, rather than a more
simple present/absent rating. With the selected Generic Task Type, Error Producing Condition(s), and
Assessed Proportion of Affect in place the HEART algorithm produces an overall assessed likelihood
of task failure in the form of a sub decimal number. The logic of the HEART algorithm is constructed
such that if an overall score of 1 is produced, then the likelihood of task failure is 100%, i.e. certain.
Some GTT’s possess an inherently high likelihood of failure, and incorporate certain EPC elements,
S0 it is important for the assessor not to ‘double count’ and re-introduce the same EPC.

HEART has been criticised for relying on ageing data, and also for a perceived lack of transparency
concerning the sources of the contributory data (Kirwan 1995). HEART is a qualitative technique
which produces a numerical statement of task failure, and the UK Health & Safety Executive in
particular has been keen to move away from qualitative predictions of task failure/success. This is
because, amongst other factors, of the temptation to tailor the HEART assessment to meet an existing
threshold in a Qualitative Risk Assessment. However, one of the strengths of HEART is the ability to
produce a numerical statement of task failure, which interfaces more readily with safety engineering
practices than subjective, text based assessments. Although criticised for being being a relatively ‘old’
method, HEART is well-established in Human Factors research and practice, which might be
explained by its relative ease of use, ability to organise findings, and ability to produce an overall
rating that feeds readily into other assessments.

3. Case Study: Swimming Pool Fatalities

In 2006 two child fatalities occurred in British swimming pools that were investigated by the UK
Health & Safety Executive. In both incidents, factors that contributed to human error in terms of
failure to detect a submerged casualty were present which necessitated further evaluation using a
Human Factors and Ergonomics approach. In the first incident this was largely because of poor
luminance contrast created by relatively dim ambient lighting coupled with a high level of water
surface churning. In incident #2, the relative distance between the observer and the submerged
casualty was the more influential factor affecting conspicuity, as viewing conditions in the pool hall
were otherwise good. HEART was selected to further explore these factors because the task of
lifeguarding closely matched Generic Task Type NE2 in the HEART manual that is described as:

NE2: Identification of situation requiring interpretation of alarm/indication patterns; pattern unique
but no dedicated single positive features — situation infrequent but covered by bi-monthly training,
appropriate responses covered in procedures if correctly identified.

British swimming pool lifeguards are required to hold the RLSS National Pool Lifeguard
Qualification, which requires regular training sessions to maintain competence, including practicing
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emergency response to casualties. In their normal duties lifeguards are required to monitor the pool
for bathers exhibiting signs of distress or who are unconscious in the water, and they have a clear
procedure to follow if such an incident occurs.

The Error Producing Condition (EPC) signal to noise ratio (number 3 of 38) closely fits the concept
of luminance contrast used to assess visibility of the submerged casualty in each incident, and the
relationship between contrast, threshold for detection, and degree of contrast for easy detection was
considered to provide a sound basis for the assessor’s attribution of affect in the HEART model. Thus,
for poor contrast at or below detection threshold, a higher proportion of affect could be awarded to the
signal to noise ratio EPC. For each of the two incidents, two HEART assessments were performed; an
initial assessment using only the signal to noise ratio EPC with a proportion of affect that reflected
the findings of an objective visibility assessment, and then a second HEART assessment with
additional EPC’s relating to inexperience, age of personnel, and prolonged inactivity. Also included in
the HEART assessment of incident #1 was an EPC relating to distraction, as the plunge pool and
lifeguard station was directly adjacent to a large glass panel where youths would often gather outside
the pool building. Walkways running down each side of the plunge pool also provided the potential
for distraction, as young bathers would sometimes run down these, in breach of the pool safety rules
and thus requiring lifeguards to divert attention away from the bathers in the pool.

The results of the HEART assessments differed considerably between the two incident sites. For
incident #1 the initial HEART assessment produced a nominal likelihood of failure to detect a
submerged unconscious casualty of 70%, rising to over 85% when considering other error producing
conditions present at the site. At the site of incident #2, the likelihood of this error was lower, with the
likelihood of failing to detect the casualty being around 13-17%, for a nearby supervisor and rising to
419% for a more distal, inexperienced, and inactive lifeguard. These findings clearly indicate a large
potential for failure with serious implications upon bather safety. In incident #1 much of this potential
for error was attributable to the physical design of the plunge pool area rather than the failing of an
individual lifeguard. In incident #2 a supervisor was closer to the casualty and thus in a better position
to initiate the rescue attempt than the lifeguard, who himself was in a better position to detect the
casualty than if he had been stationed on the lifeguards’ high chair as specified in the pool operating
procedures.

In both incidents the results of the HEART assessment, based on objective visibility data,
demonstrated that if the pool lifeguards were positioned in their correct station for observing the
swimming pool, design issues inherent in the pool would have made it more difficult to successfully
perform the task of detecting a submerged casualty. This allowed both investigations to move their
focus away from possible errors on the part of the individual lifeguards to wider issues of physical and
organisational system design.

4. Case Study: Serious Process Incident at the Mongstad Refinery

In August 2008 an electrical component failure within a small power supply box caused the loss of
control over six sliding valves critical for controlling the flow of catalyst between the reactor and the
regenerator of the catalytic cracker unit at the heart of the refinery. The power supply failure, which
had never occurred before, produced no dedicated alarm in the central control room. Indication of a
problem in the process initially came via position discrepancy alarms from the sliding valves, which
required the control panel operator to interpret the information alongside pressure and flow data in
order to deduce the problem. The alarm system itself produced a flood of alarms (EEMUA 1999) as
the incident rapidly unfolded. The control panel operator on duty when the incident began was
recently qualified and working alone while a second operator was taking a meal break, and his first
action was to attempt to salvage the process rather than initiate a process shutdown. Although the
emergency shutdown process was initiated by another operator six and a half minutes later, the loss of
control over the sliding valves (still not deduced by the operators) allowed a fire to develop in the
emergency chimney at the side of the cracker. The situation was brought under control two hours after
the initial power supply failure, when it was realised that the sliding valves were lying open (although
shown to be closed on the process control screens) and without power, and were subsequently closed
manually.
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During this incident the most significant actions occurred within the control room. Evidence was
collected from interviews, system control and alarm data, shift data, operator training logs, and the
organisational structure at the refinery in order to analyse the decisions taken in the control room.
HEART was chosen as a means by which evidence from these various primary sources could be
linked together to understand why the control room operators were not able to prevent a fire in the
cracker process. There was also a good match between the events that occurred in the control room
(from the point of view of the control panel operator) and one of the GTTs, in this case GTT NE5
which is described as:

NES5: Diagnosis of novel fault situation, not covered by procedures in any real way nor by specific
training — MMI (man-machine interface) provides sufficient information for a correct diagnosis to be
made BUT relies on skill and conceptual knowledge of operator.

The evidence collected during the investigation showed that several relevant EPC’s were present and
had an influence on how the incident unfolded. These were:

EPC no. 2 - Shortage of time

EPC no. 12 — Mismatch between real and perceived risk

EPC no. 15 - Operator inexperience

EPC no. 34 - Disruption of normal sleep/work cycles

Shortage of time available to deduce the sliding valve fault and prevent the fire in the plant was
revealed by the alarm logs generated by the SCADA (Supervisory Control and Data Acquisition)
system. The interview with the operator, and the SCADA log showing his actions, revealed a
mismatch between the risk initially perceived by the operator (a system upset) and the real risk (a
threat to plant integrity). The operator’s training logs revealed relative inexperience with handling
emergency scenarios (whilst conversely being strong on process optimisation). The shift logs for the
weeks preceding the incident showed that the operator had worked overtime and extra shifts, which
was followed up by an analysis using the UK Health & Safety Executive Fatigue/Risk Index
calculator (Version 2.2, 2005) and revealed a moderately increased risk of sleepiness around the time
when the incident began.

Generic Task Type NE5 has a high predicted likelihood of failure (31%), and adding the selected
EPC’s shifted this towards 1 (100% probability of failure) even when including a small assessed
proportion of affect. Because of this finding, the results of the HEART analysis were used to discuss
how a set of latent failures (relating to the EPCs) combined with a novel process situation created a
situation where failure to correctly diagnose the problem and take appropriate action was extremely
likely. In turn, this allowed precise recommendations to be written into the incident report. The
ranking of the EPCs in HEART was used as a guideline for prioritising improvement measures, with
high-weighted EPCs such as Shortage of time taking precedence over Disruption of normal
sleep/work cycles.

The results of the HEART assessment demonstrated how information from primary sources used
regularly for investigating process incidents can be combined in a model to produce an overall picture
of risk, and also how easily inherently difficult tasks can be made almost impossible with the addition
of one or more relevant Error Producing Conditions. The findings also helped to direct the
investigation towards deeper exploration of uncovered issues such as allocation of function in the
control system and the content of operator simulation training that were highly relevant to the
incident.

5. Discussion

The two case studies presented in this paper demonstrate how HEART has been used in the context of
two highly different types of incident investigation. In both cases the findings of the investigation
were made richer through the use of HEART, and in the case of the Mongstad incident how HEART
can be used for organising and prioritising recommended improvement measures. Key advantages of
using HEART in incident investigations are the relatively simple interface, for example the model can
be easily made in a Microsoft Excel spreadsheet to allow various combinations of GTTs and EPCs to
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be combined with varying assessed proportions of affect, and the ability to get a quick and useful
result that can be used to open up new lines of enquiry in the investigation. This is particularly useful
as investigations are often characterised by tight timescales and the need to produce accurate and
meaningful information quickly. The case studies also demonstrate how data from a variety of sources
can interface with the HEART model through the allocation of affect to relevant EPCs, such as
objective visibility data as described in Bunn (2006), or HSE Fatigue/Risk Index findings. This helps
to avoid potential problems of assessor subjectivity when allocating affect to an EPC, though in many
cases inclusion of an EPC alone can have a large impact on the resultant output of the HEART
algorithm.

HEART is heavily task-based, so does not work well for assessing wider or deeper organisational
issues. It works best at individual operator level, and although fairly obvious, it must be stressed that
use of HEART is most appropriate when the task description included under a Generic Task Type
closely matches the task type under investigation. This means that there are incidents for which a
HEART assessment to produce a nominal likelihood of failure is not appropriate, or if the
‘miscellaneous task’ GTT is used will only provide an approximation of the failure risk within a task.
However, even when such an assessment is not performed, the ranked EPC list in HEART is an
extremely useful index to have at hand for identifying PSFs and discussing their role and importance
within the context of a multidisciplinary investigation team. This can be an advantage for
investigators who have received training in the Human Factors discipline but are not necessarily
‘experts’, which is reasonably characteristic of the current situation within the Norwegian Petroleum
Industry. Thus, whilst HEART as a model works well under specific and focused circumstances, and
particularly for control room and procedure-following tasks, the ranked EPC list works well for wider
reference and communication of human error risk.
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Human Reliability Analysis in Offshore Drilling Operations
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The SPAR-H Human Reliability Analysis Method was used in an upgrade project of a
Norwegian drilling facility in order to contribute to the design of the driller’s control
cabin. The results indicate that human errors are likely to occur when well control is lost
and the well has to be shut and sealed. Implications for design are that the well control
tasks should receive high focus in the design process, the human-machine interface
should be tested specifically with regards to the well control tasks, high quality well
control procedures and work processes should be ensured, and specific training for well
control situations should be performed.

1. Introduction

1.1 Background

In order to improve health, environment, safety and effectiveness, and to prolong the life of oil
platforms, many Norwegian drilling facilities are being upgraded. This paper describes how the
Standardized Plant Analysis Risk- Human Reliability Analysis (SPAR-H) (U.S. Nuclear Regulatory
Commission, 2005) was used in an upgrade project of a Norwegian drilling facility in order to
contribute to the design of the driller’s control cabin and the drilling control systems. The
purpose of the study was to identify the tasks that are most prone to human error, and the
factors that influence operators’ performance when controlling a well during drilling.

1.2 Offshore oil drilling

The generic term for oil, gas and condensate is hydrocarbons. On the Norwegian continental
shelf hydrocarbons are located in different geological layers thousands of meters beneath the
seabed. In order to recover the hydrocarbons, a well is drilled by the use of a drill string that is
rotated by a drilling machine mounted on the facility. The well is drilled through the geological
formations and into the reservoir, which is the geological formation that contains the
hydrocarbons. While drilling, tubes (the casing) are run into the open hole and cemented in
the hole at strategic intervals in order to prevent the hole in the geological formation from
collapsing.

The reservoir pressure commonly have the potential to press the hydrocarbons into the
well and further transport the hydrocarbons up through the casing and up onto the oil
platform. In order to keep the hydrocarbons in the reservoir while drilling, the well is filled
with drilling fluid also called the mud. The pressure of the drilling fluid should slightly exceed
the reservoir pressure in order to prevent the hydrocarbons from flowing into the well.
Otherwise, If the reservoir pressure exceeds the drilling fluid pressure, hydrocarbons may flow
into the well and move up through the annulus, which is the circular space between the drill
string and the casing. If the in-flow of gas is large and uncontrolled, a blow-out of
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hydrocarbons can occur which may lead to ignition of the hydrocarbons and the facility
exploding.

During drilling, the driller is responsible for monitoring the well status. The driller leads a
team in where each person monitors and controls their part of the drilling process. The drilling
team relies mostly on information sources on the platform, but over the years increasingly
sophisticated tools transmits information measured real-time down in the well. Most
importantly, the drilling team checks if there are any indications of hydrocarbons in the drilling
fluid that is returned from the well. If unexpected levels of hydrocarbons are noted, drilling is
stopped and actions are taken. These actions include scrambling the drilling team and other
key personnel, diagnosing the situation and preparing to close the well. A minor in-flow of
hydrocarbons can be stopped quickly by increasing the drilling fluid density. If there is a larger
in-flow of hydrocarbons, the well must be controlled by other means, such as shutting the well
using the blow-out preventer (BOP).

There are three means to mechanically shut in the well, all include using the BOP. First,
the annulus between the drill string and the casing is closed by the annular preventer. The
hydrocarbons are then directed to a de-gasser and led into the atmosphere in a controlled
way. If the annular preventer does not withstand the hydrocarbon pressure, the driller can
activate the pipe rams to form a close metal to metal seal between the pipe rams and the drill
string. Ultimately, the driller will cut the drill string and seal the well by closing the BOP shear
rams. After sealing the well, the well must be killed, that is the pressure between the reservoir
and the drilling fluid must be balanced. This is done by pumping heavy drilling fluid in a
dedicated line through the BOP. It is further necessary to ventilate out the hydrocarbons in the
well. All through this operation it is important to control the well pressure in order not to
exceed the maximum tolerable pressure for the BOP and other pieces of equipment. More
information on offshore oil drilling can be found in Halle (2001) and Skalle (2009).

The aim of the present study was to predict the probability of human error in a drilling
scenario that included monitoring a well, diagnosing a hydrocarbon in-flow, closing the annular
preventer, activating the pipe rams, activating the shear rams and finally regaining the balance
between the drilling fluid and the reservoir pressure.

2. Methods
The methods used to study human error in the scenario described above were Hierarchical
Task Analysis (HTA) (Kirwan & Ainsworth, 1992), followed by a SPAR-H evaluation.

Task analysis is the study of what human operators are required to do to achieve a
system purpose and how they must carry out a task in terms of physical actions and mental
processes. The objective of the task analysis is to produce a structured description of the
operators’ tasks, and to determine what requirements those tasks involve. The result of this
HTA is a functional hierarchy of goals, operations and plans for each of the drilling tasks. The
tasks identified in the HTA were further used to perform the Human Reliability Analysis (HRA).

The SPAR-H method was developed for human error predictions in nuclear power
plant central control rooms. Human error is defined as an out-of-tolerance action, or deviation
from the norm, where there are defined limits of acceptable performance. SPAR-H predicts the
probability for human error in tasks that require diagnosis, actions or recovery actions. The
method provides nominal values for human errors, the nominal human error probabilities are
set to 1.0E-2 for diagnosis and 1.0E-3 for actions. In order to predict the probability of human
error, the nominal values are adjusted according to the positive or negative influence of the
following performance shaping factors (PSF): available time, stress/stressors, task complexity,
experience/training, quality of procedures, quality of human-machine interface, fitness for the
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duty, and work processes. The method addresses dependency, which means that the negative
influence of a human error on subsequent errors is reflected in calculating the error
probability. As such, the output of a SPAR-H evaluation is a number that denotes the
probability of human error for the tasks in question.

The HTA was performed in a workshop with two experienced drillers. The Task
Architect® PC-tool was used. The first author performed the SPAR-H calculation based on the
HTA and on-the-job semi-structured interviews with three additional drillers.

3. Results

The HTA identified 5 main tasks as shown in Figure 1. The SPAR-H human error probability
calculation was performed for each of the main tasks. The human error probability for each
task is presented in Table 1. The table also indicates the PSFs which were found to negatively
respectively positively influence the operators’ performance.

Table 1: SPAR-H human error probability (HEP) predictions for the drilling control tasks

Predicted . Positive PSFs
Tasks Type of task HEP for task Negative PSFs
. Experience and
1. Monitor Diagnosis 2.0E-4 None training, HMI,
well status
Work procedures
2.5top . 9,1E-2 Time, . Experlence and
. Action task complexity, training, HMI,
drilling
stress Work procedures
I Experience and
A7 Diagnosis 2.0E-4 None training, HMI,
flow
Work procedures
Di . T
4.Close BOP |agn05|s and 6.5E-02 'me, Work procedures
action Stress
Diagnosis and Time,
5.Kill well actigon 2,9E-1 task complexity, Work procedures
stress

In general, SPAR-H suggests that the tasks which scores high on time constraints, task
complexity and stress are most prone to human error. From the SPAR-H it appears that the
single task that is most prone to human error is the task of killing the well, that is to estimate
the weight of the drilling fluid and pump fluid into the well while systematically ventilating out
the hydrocarbons. Killing the well is a complex task that includes both diagnosis and actions,
that is performed under time pressure and that puts stress on the persons performing it. The
predicted human error probability for this task suggests that there is more than a remote
probability for a human error in execution of this task.
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0. Control the well
during drilling

During normal drilling ( 1) ; If any indication of in-flow from the reservoir (do all
in sequence 2-3) ; If a major in-flow from the reservoir (do all in sequence 4-5)
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1. Monitor the well
status while drilling

2. Stop the drilling

1. Compare the
rate of penetration
with the drilling
programme
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cuttings with the
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3. Monitor the
level in the active
mud pit

4. Monitor the gas
content in the
return mud

5. Monitor the mud
over the shakers
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1; If the drill string is not connected ( 2) ; do concurrently 3-4; 5
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2. Connect the drill
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drive

3. Pull up the drill
string and space
out

4. Rotate the drill
string
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cock

The drilling team checks for any indications of in-flow from reservoir (do all in any order 1-6)

4. Close the well
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D5-Human Reliability Assessment (HRA)

4. Discussion

The SPAR-H suggest two implications for design. First, the calculated probability for human
error indicates that human error is likely to occur during a situation that is similar to the
scenario evaluated in this study. Considering the consequences of a human error, the
implication is that the well control tasks must designed carefully for when upgrading the
control cabin and control system. This may seem obvious, but in a design process lots of tasks
are considered and it is not always clear what tasks should receive specific attention from the
designers. From this study, it becomes apparent that the well control tasks should be a strong
focus. Secondly, for the three tasks most prone to human error (stop drilling, close BOP and kill
the well), the PSFs to a large extent negatively influence operator performance. The
implication is that measures should be taken to reduce the negative influence of the PSFs and
strengthen the positive influence of the PSFs. Examples of such measures are to test the
human-machine interface specifically for the well control task, to assess the well control
procedures and work processes, and to perform specific training for well control situations.

5. Conclusions

The SPAR-H was used for design purposes to identify the tasks that are most prone to human
error, and the factors influencing operators’ performance when controlling a well during
drilling. The method indicates that human error is likely to occur during a scenario that
develops from normal drilling to closing the BOP and killing the well. The task most prone to
human error is the task of killing the well. Implications for design are that the well control tasks
should receive high focus in the design process, the human-machine interface should be tested
specifically with regards to the well control tasks, high quality well control procedures and
work processes should be ensured, and specific training for well control situations should be
performed.
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Validation of an on-board taxi guidance system.
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An on-board taxi guidance system with displayed ground traffic and data link to
air traffic control was validated in two main studies with 57 commercial airline
pilots at DLR’s Institute of Flight Guidance simulation facilities. Following the
validation guidelines by EUROCONTROL, results in terms of operational
feasibility and operational improvements were gained. In a first step, eye gaze
data were analysed to control the effect of increased head down times. In a
second step (within the EU project EMMAZ2), hints for operational
improvements were gathered in shape of questionnaires regarding workload
and situation awareness.

1. Introduction

Especially on large airports under low visibility conditions, cockpit crews are still faced with
difficulties regarding the clearances and the whereabouts of other traffic (Lorenz et al., 2007).
To enhance safety and capacity in the future, Advanced Surface Movements Guidance and
Control (A-SMGCS) activities are conducted. Different services were implemented in various
test beds to show their technical feasibility in the first place. Beyond these technical tests,
validation activities aim to check the operational feasibility in terms of users’ acceptance and
operational improvement e.g. in terms of safety, human factors.

Within the DLR internal project MOSES (2001-2005) the operational feasibility of the on-
board taxi guidance system TARMAC-AS (Taxi And Ramp Management And Control —
Airborne System [Hartl, 1997]) was tested. The system was provided to both pilots on the
navigation display (ND) in after landing. All clearances were performed by a simulated data
link while the traditional radio telephony was only kept as a backbone. In this study, the system
was used directly via the ND touchscreen. It was crucial to test if the TARMAC-AS HMI does
not provoke an attentional capture because pilot’s main attention should not shift from the
outside view to the display (Biella, 2009). Within the EU project EMMAZ2 (2006-2009) first
hints on operational improvements were studied. The system was now equipped with a real
data link functionality developed by DLR, ATN and Park Air Systems. An airworthy interface
(CDTI) was modified and served here the input device. Traditional radio telephony was kept
especially for time and safety critical clearances like initial calls, runway crossings, line-up and
take off. It was crucial to test effects on safety and human factors issues.

2. Method

2.1 Participants

Five female and 35 male pilot students of Lufthansa Flight Training took part in the first of two
Operational Feasibility Studies (Lorenz et al., 2007; Biella, 2009). Either they already held
the commercial pilot licence or they were on the brink of the practical exam. Their average age
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was 23.9 years (standard deviation=1.8) and the mean reported flight hours were 225 (standard
deviation=66). The second part of the study was conducted with one female and seven male
commercial airline pilots. Their average age was 42.6 years (standard deviation=8.6) and the
mean reported flight hours were 5478 (standard deviation=2898). In the Operational
Improvement Studies (Wittig et al., 2010) eight male pilots took part, seven of them were
commercial airline pilots. Their average age was 42.4 years (standard deviation=15.3) and the
mean reported flight hours were 7471 (standard deviation=7731). In both cases validation
guidelines (MAEVA, E-OCVM) by EUROCONTROL were applied.

2.2 Equipment

Both studies took place in DLR’s fixed-base flight simulator Generic Experimental Cockpit
(GECO). It is designed on the Airbus A 320 architecture using the flight dynamics of the
VFW614 in a fly by wire version. The ND provides the taxi guidance system TARMAC-AS
(Hartl, 1997) with a Ground Traffic Display (GTD) and a Taxi-Controller Pilot Data Link
functionality (TAXI-CPDLC).

2.3 Simulation scenarios and procedure

In the Operational Feasibility Studies (Lorenz et al., 2007; Biella, 2009) each pilot flew a
total of eight scenarios containing approach, landing and taxiing on Zurich Kloten airport under
different visibility conditions. The investigator acted as Pilot Non Flying without actively
intervening in the events. In these sessions, the ATC side was simulated by a pseudo controller
within the GECO environment. Two different test conditions were applied: baseline taxiing
with paper chart vs. use taxi guidance systems via navigation display. In the Operational
Improvement Studies (Wittig et al., 2010) each pilot flew a total of eight experimental
scenarios, four of them as Pilot Flying resp. as Pilot Non Flying. Scenarios consisted of an
inbound and outbound leg including taxiing on Prague Ruzyne airport under CAT | visibility
conditions. Four different test conditions were applied: baseline, Electronic Moving Map
(EMM), EMM plus GTD, EMM plus GTD and standard TAXI-CPDLC, EMM plus GTD and
advanced TAXI-CPDLC including a clearance update by the Ground Executive Controller. In
these sessions, a controller team from the Prague (Air Navigation Service Provider, Czech
Republic) was responsible for ATC using DLR’s Apron and Tower Simulator which was
connected to the GECO together with other traffic by pseudo pilots. The complete procedures
are described in Wittig et al. (2010). The A-SMGCS provides expected route information by
TAXI-CPDLC on pilot’s request, after the departure clearance has been issued in outbound legs
resp. before final approach in inbound legs.

2.4 Assessment of Operational Feasibility and Operational Improvement

2.4.1 Operational Feasibility via pilots’ gaze

Pilots” eye movements during taxiing were measured with the system iViewX by SMI
(resolution: <0.1 degrees [pupil]; <0.5 degrees [compensated for movements]; frequency: 50
Hz). Raw data were condensed into cumulated dwell times for the apron segment on predefined
areas of interest. Dwell times reveal if head down times increase significantly while an on-
board taxi guidance system is in use (Biella, 2009).

2.4.2 Operational Feasibility via tailor-made questionnaire

A tailor-made questionnaire (Wittig et al., 2010) was created to check the fulfilment of the
requirements basing on the description in the Systems, Procedures and Operational
Requirements document of EMMAZ. Each of the 72 items has a six point Likert scale ranging
from from 1 “strongly disagree” to 6 “strongly agree”. After finishing off all of test runs, the
questionnaire was given to the pilots. Their response reveals if basic requirements are fulfilled
if an on-board taxi guidance system is in use.
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2.4.3 Operational Feasibility via Standard Usability Scale (SUS)

The SUS (Brooke, 1996) was given to the pilots after the very last trial. Answers range from 1
“strongly disagree” to 5 “strongly agree” on a five point Likert scale. After finishing off all of
test runs, the SUS was given to the pilots. Their response reveals if usability in general is
fulfilled if an on-board taxi guidance system is in use (Wittig et al., 2010).

2.4.4 Operational Improvements via tailor-made questionnaire

An additional tailor-made questionnaire (Wittig et al., 2010) was created to check the
operational improvements e.g. in terms of safety basing on the “expected benefits” that were
identified in EMMAZ2’s “Systems, Procedures and Operational Requirements” document
(www.dlr.de/femma2/). Each item has a six point Likert scale ranging from from 1 “strongly
disagree” to 6 “strongly agree”. After finishing off all of test runs, the questionnaire was given
to the pilots. Their response reveals if safety increases is perceived by the pilots while using a
taxi guidance system (Wittig et al., 2010).

2.4.5 Operational Improvements via Workload and Situation Awareness questionnaires
The Instanteanous Self Assessment Scale (ISA) was originally conceived at NATS. It was
applied within EMMAZ trials twice during the inbound and the outbound segment of each test
run. The scale ranges from “low” (1) to “high” (5) for workload and from “low” (1) to “high”
(10) for situation awareness. Pilots were questioned approx. in the middle of the segment (e.g.
after a runway cross) and at the end of the segment (before reaching the gate resp. before line-
up). Pilots’ response reveals if an increase of workload resp. situation awareness is perceived
by the pilots while using a taxi guidance system.

3. Results

3.1 Change of pilots’ gaze depending on use of taxi guidance system

A two-way analysis of variance with repeated measures was used to assess the effect of the taxi
guidance system on pilot’s information gathering. Factor 1 represents taxi guidance support
(standard paper chart vs. taxi guidance display), factor 2 pilots’ experience (flight students vs.
experienced pilots). Dependant variable in each analysis was the cumulated dwell time on an
area of interest for the taxi phase on apron, averaged over four scenarios with resp. without taxi
guidance support. Both in the condition with and without taxi guidance support the main source
of information remains the outside view. Nevertheless, the difference between 53.4% in the
baseline condition and 46.0% in the experimental condition is highly statistically significant
(p<0.01). The second most important source of information is the taxi chart, with 8.7% for the
paper chart in the baseline condition resp. 13.7% for the navigation display in the experimental
condition. Independent from the taxi guidance display, experienced pilots use the outside view
more than flight students do (p<0.01) (Biella, 2009).

3.2 Further Results to Operational Feasibility (RTS)

Since the sample size is only eight different pilots per item, the binominal test as a non-
parametric statistic was used to prove the results of the questionnaires for their statistical
significance. Finally, 56 operational requirements or procedures could be regarded as verified,
twenty of them statistically significant. The remaining 16 operational requirements were not
answered positively which was caused by the use of the modified airworthy interface (CDTI)
which was unfamiliar for the pilots.

For example, pilots agree that the new cockpit services were well integrated into the existing
systems. This result is highly statistically significant for the GTD (M=5.38; sd=0.74; p<0.01)
but only significant by trend for TAXI-CPDLC (M=3.88; sd=0.83 and p=0.07). According to
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the pilots the GTD is capable of being used appropriately when operating within the movement
area (M=5.25; sd=1.04; p<0.01); results for the TAXI-CPDLC are positive as well (M=4.25;
sd=1.28; p=0.29) but not significant (Biella, 2009).

3.3 SUS Questionnaire

The pilots answered all ten items in favour of the new system. Three of them became even
highly statistically significant: According to the pilots there was not too much inconsistency in
the system (M=2.50; sd=0.53; p<0.01). They find the system not very difficult to use (M=2.38;
sd=0.92). Finally, they agree that they do not need to learn a lot of things before start to work
with the system (M=1.88; sd=0.83; p<0.01) (Wittig et al., 2010).

3.4 Operational Improvements Questionnaire, Sub-Scale Safety

Highly statistically significant results include that the graphical taxi clearances on the display
would enable pilots to follow an assigned taxi route more safely (M=5.63; SD=0.52; p<0.01).
Furthermore the indication of the surrounding traffic is an additional information source to
navigate and manage the aircraft speed more safely (M=5.75; sd=0.46; p<0.01) (Wittig et al.,
2010).

3.5 Workload and Situation Awareness

The ISA means of each test run were analysed in a 4 x 2 (A-SMGCS treatment x pilot role)
two-way repeated measures analysis of variance (ANOVA).

Regarding workload the ANOVA revealed a highly significant main effect of the A-SMGCS
treatment (F 1) = 5.418; p<0.01) with a mean of M = 2.20 for the (EMM) baseline,
respectively M = 2.12 for GTD and M = 2.48 for standard TAXI-CPDLC (incl. GTD) and M =
2.36 for advanced TAXI-CPDLC (incl. GTD) on a scale reaching from “under-utilised” (1) to
“excessive” (5). No significant main effect could be shown for the pilot role (F7) = 1.932; p =
.207), both pilot flying and pilot non flying seem to have a similar level of workload. Yet there
is a significance for the interaction between treatment and pilot role (F 21 = 3.743; p<0.05),
with the highest mean M = 2.52 in the condition pilot non flying using advanced TAXI-
CPLDC.

Regarding situation awareness the ANOVA revealed no significant main effect of the A-
SMGCS treatment (F(21) = .146; p = .931) with a mean of M = 8.09 for the (EMM) baseline,
respectively M = 9.03 for GTD and M = 8.70 for standard and M = 8.74 for advanced TAXI-
CPDLC (incl. GTD) on a scale ranging from “low” (1) to “high” (10). There is no significant
main effect for the pilot role (F.7) = 1.337; p = .286), both pilot flying and pilot non flying
seem to have a similar level of situation awareness. There is no significance for the interaction
between treatment and pilot role (F( 21 = 1.391; p = .273) (Wittig et al., 2010).

4. Discussion

Regarding operational feasibility it could be shown that the use of the taxi guidance system
results in a different pattern of dwell times without resulting in an attentional capture on the
navigation display as no incidences occurred while using the display. Single case studies
indicate that attention changes in form of a “trade off” only from the taxi charts to the
navigation display (Lorenz et al., 2004). Main source of information by far remains the outside
view. Further single case studies reveal that pilots use the display especially only during
holding times and therefore not in safety critical situations (Biella, 2009). Compared with
simulator data it can be shown that pilots do not taxi faster while using TARMAC-AS
compared to scenarios with traditional taxi charts (Lorenz et al., 2004).

The GTD was appreciated and highlighted by all pilots. The added value is seen especially
under low visibility conditions. TAXI-CPDLC is regarded as potential means which will ease
pilots work considerably. It must be distinguished clearly between the positively rated graphical
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information on the EMM display and the intermingled rating of the usability of the CDTI,
which served for selecting CPDLC messages to be sent and for the textual displaying of
received clearances. The graphical presentation of the cleared taxi route on the EMM
(compared to textual clearances on the CDTI) will enable pilots to follow an assigned taxi route
in an intuitive way. Debriefing revealed that TAXI-CPDLC operation requires too much head
down times while using the CDTI as interface. This means either the aircraft needs to be
stopped (time is lost) or redundancy of the pilot non flying who operates the CDTI is lost. Pilots
responded that they would like to use the TAXI-CPDLC in the future and that they agree in
general with its concept given and realised in EMMAZ. It should be stressed that use of the
CDTI was necessary in the studies because this certified interface was necessary for preparing
and conducting the subsequent flight trials in DLR’s test aircraft with pilots and additional
safety pilots which were conducted successfully (Wittig et al., 2010).

Methodically the results encourage to follow E-OCVM in general and to develop tailor-made
questionnaire according to the operational requirements of the project and to conduct
thoroughly debriefings as they deliver more important results that standard questionnaires. For
example, pilots say in the SUS that they don’t need to learn a lot of things before start to work
with the system. Only comments in the tailor-made questionnaire and in the debriefing reveal
the novelty and problems of the input device. Pilots made additional remarks in the debriefing
how to solve that problems, e.g. by integrating so called Left and Right Line Select Keys and
by ensuring accessibility of the main menu to have easier access to new and old messages in the
system (Wittig et al., 2010).

Regarding operational improvement it could be shown that pilots experience an increment of
safety. Yet further tests with an improved CDTI are necessary to check if a decrement of
workload and an enhancement of situation awareness will take place. So far, this could be
shown for the TARMAC-AS display but not for the input device (Wittig et al., 2010).
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Increasing traffic rates in aviation cause bottlenecks in safety and efficiency, particularly on the
ground at major airports. Voice communication radio channel are often overloaded and pilots are less
supported to find their way and to avoid other traffic. Controller-Pilot Data Link Communication
during taxi (TAXI-CPDLC) is one promising service to bring benefits in terms of unload the radio
channel by taking over ‘routine communication’ and to enable the transfer and representation of the
cleared taxi route in the cockpit. This paper details the concept and results of a new TAXI-CPDLC
service and provides recommendations for its future use and implementation.

1. Introduction

Today pilots survey the surrounding ground traffic by looking out of the window only supported
by the Tower controller’s information via radio. They use airport paper charts to find their way that
was cleared by the controller via voice communication. There are nearly no onboard assistant systems
supporting them to find their way and to avoid collisions. Particularly in low visibility and with dense
traffic, navigation and collision avoidance becomes complicated and safety critical.

To overcome these issues new concepts for communication between controller and pilot were
considered in the aviation research community. Developing such a new concept, which includes new
procedures and operational requirements [EMMAZ2, 2008a], workshops with controllers and pilots, as
well as representatives of the aviation industry and researchers were held. Field trials at Airport Prague
Ruzyne supported by the use of test aircraft and test vehicles, as well as tower and cockpit real time
simulation experiments were performed to evaluate this concept.

This paper details the description of the TAXI-CPDLC concept, the validation methodology,
results and conclusions. Since the concept and the developed prototypes were in an early stage of
development, the focus was laid on proving technical and operational feasibility.

2. TAXI-CPDLC Service Descriptions

Prerequisite for TAXI-CPDLC is that an optimal taxi route is proposed for each aircraft by an
automatic routing function. This taxi route is provided to the controller through electronic flight strips
(EFS). By clicking on the individual EFS, the controller can quickly update, validate and assign the
taxi route to a flight and pass it to the to the cockpit crew by TAXI-CPDLC. Similarly, other
instructions, such as ‘start-up’ and ‘pushback’, could be transmitted by data link and also
acknowledged by the pilot by data link. This could save valuable time on frequency and help avoid
misunderstandings by ensuring more on-board transparency.

The main operationally significant aspects that were shaped by controllers and pilots are outlined
in the following paragraphs:

e The implementation of TAXI-CPDLC in a Tower environment requires the availability of an
EFS display and an automatic routing function, which release the controller as far as possible
from the manual composition of messages.

e Since a complete data link communication loop (request — clearance — acknowledgement) will
usually take more time than radio, non time-critical information and clearances seemed to be
the most promising aspects to be performed by data link. Focus is laid on ‘start-up’, ‘push-
back’, ‘taxi clearance,” and ‘handover’ instructions.

e When the aircraft is ready for start-up, push-back or taxiing out, the pilot not-flying sends a
request by data link to the controller, which pops up in the related EFS. With a taxi request a
proposed taxi route is already displayed in the EFS and the controller validates and clears the
computed taxi route by a click on the clearance button.

Note: Independently of having received a request from the flight crew or not, the controller is
always able to deliver a clearance.
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o The flight crew verifies the operational contents of the clearance and the pilot not-flying (PNF)
transmits a response message via data link (usually a “WILCO’ response). This response
closes the data link communication loop.

e The complete taxi route (including intermediate and final holding points) is generated by a
routing function, knowing the starting point and end point of the route. The complete taxi
route may include clearance elements (e.g. TAXI TO ...), information elements (e.g. EXPECT
ROUTING TO... VIA ...), clearance limits (HOLD SHORT OF ...), and ‘free text’ if needed.

e Whenever the expected taxi route or the already cleared taxi route is no longer valid, a taxi route
revision is needed and a REVISE TAXI message is sent to the flight deck. The revision of a
taxi route can be requested by the flight crew or initiated by the controller.

Note: Communication with a taxiing aircraft is time- and safety critical. Controllers in the
experiments were told that for taxi revisions they can decide the communication medium, data
link or voice.

e When an operational exception (e.g. UNABLE response) or a safety-critical event (e.g.
conflicting taxiing traffic) occurs, which requires immediate action, reversals, or the provision
of additional information, the immediate use of voice was recommended.

e When a controller or pilot communicates via voice, the response should be via voice.

e TAXI-CPDLC can be carried out in conjunction with the transfer of voice communication.

e Fach data link message transmission is followed by a logical acknowledgement (LACK). In
other words, the sender gets an immediate feedback that the message has been transmitted
completely and is available on the recipient’s display.

e Handover instructions are given by data link transmission: ‘CONTACT [unit name]
[frequency]’ informing the flight crew about the radio frequency of the next control position.
However, the initial call with the next control position should be performed by voice in order
to guarantee that the radiotelephony (R/T) contact has been established.

3. Methodology

The objective of the evaluation was to assess the potential operational impact of the proposed
concept and to explore its performance in terms of compliance with the requirements of the relevant
stakeholders. The E-OCVM (European Operational Concept Validation Methodology) [EC &
EUROCONTROL, 2008] maturity model defines different stages of concept maturity in the concept
validation life cycle, ranging from the VO “initial idea” to V5 “implemented concept” (see figure 1).

The new TAXI-CPDLC service provided a concept maturity level of V1-V2. Thus, the feedback
gathered was mainly regarding their operational feasibility in terms of proving the new procedures and
verifying the operational requirements. This was done by a debriefing questionnaire addressing all
those feasibility criteria.

3.1 Validation Platforms

For the real-time simulation (RTS) exercises the DLR Apron and Tower Simulator (ATS) and the
generic experimental cockpit simulator (GECO) were used. The ATS at DLR-Braunschweig is an
ATC real-time simulation facility for human-in-the-loop simulation with a 300° outside view. It was
configured to accurately simulate the PRG control tower environment. Pseudo-pilots in a separate
room piloted the simulated aircraft and communicated with the controllers via a radio transmission
line or data link. In addition, the GECO was manned by commercial pilots and was included in the
traffic scenarios as single aircraft. In the experimental conditions, controllers were provided with an
EFS display that allowed them to operate routing and TAXI-CPDLC (see figure 1).

NES2010 E1-7





E1- Aviation

DONAD2A

12:40

TAXI-CPDLC
Recording Window

Figure 1: EFS Screenshot showing EFS for three outbound flights® 23

3.2 Experimental setting

There were two groups of three controllers each (N=6) from the Czech air traffic service provider
ANS CR. All six were male and work at the control tower at PRG. The three controllers of each group
were allocated to three CWPs tower executive controller (TEC), ground executive controller (GEC),
clearance delivery controller (CDC). In the cockpit simulator eight commercial pilots took part in the
simulation trial by forming four crews, whereas PF and PNF positions were alternated. In total they
performed 15 test runs whereas each lasted 30 minutes. Two traffic scenarios were used, one with
departures and landings on runway 24 the other on runway 06, in order to be able to investigate
different taxi-out and taxi-in conditions.

4. Results

After all trials the debriefing questionnaire was given to all controllers. The items asked if
operational requirements were fulfilled and procedures could be accepted. All items were to be
answered by a six-point Likert scale with answers from 1 (disagreement) through 6 (agreement). Each
QE-OF item was tested for its statistical significance by a single sample size binominal test as a non-
parametric by a test ratio of p = 0.5, an expected mean value of 3.5 and o = 0.05. (see table 1).

Table 1: TAXI-CPDLC related questions to operational feasibility (QE-OF)

ID |Questions / Statements M [N|SD |p*
35- |I was reliably presented with a means to operate clearances via the electronic flight strips. |5.1 |6 (0.7 |.03
H 7 5 |
43- |I was reliably informed if an aircraft was datalink equipped or not. 5.3 161]0.5 |.03
H 3 2 |*
2-T |When needed, it was always possible to switch back from data link communication to 5.5 1610.5 |.03
direct pilot-controller voice communications in a safe and efficient manner. 0 5 |*
3-T |I was provided with an effective human-machine interface to permit data link efficient 4.5 1610.5 [.03
communication with the pilots. 0 5 |*
4-T |I was provided with an effective human-machine interface to permit efficient data link 4.1 16 (0.4 |.03
communication with other controllers. 7 1 |*
7-T |Messages were delivered in the order that they are sent. 4.4 1510.5 |.05

! Information in the EFSs is also color-coded, but due to the black/white picture not visible here.

2 EFS dealing with DMAN, TAXI-CPDLC, and routing information was provided by Northrop Grumman Park Air Systems,
the DMAN by DLR, ATN radio by SELEX Communication, and ATN stack and router by Airtel.

3 The picture is shown by courtesy of Northrop Grumman Park Air Systems

* A star (*) attached to the p-value indicates significance (p < .05).
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ID |Questions / Statements M [N|SD |p*
0 5 |
8-T |I was always provided with the capability to respond to messages, to issue clearances, 4.6 1610.5 [.03
instructions and advisories, and to request and provide information, as appropriate. 7 2 |*
11-T|Aircraft were always under the control of only one ATC unit at a time. 54 (710.5 |.02
3 3 |*
13-T|Each data link message transmission was followed by a positive technical 4.5 1610.8 |.22
acknowledgement, which informed me that the message has completely been transmitted |0 4

and is available on the recipient’s display.

14-T|The time I need to spend to monitor the traffic situation on the TSD or by looking outside |4.5 |6 0.8 |.03

was not impaired by operating TAXI-CPDLC. 0 4 |*
15-T |{Input requests by keyboard or mouse to operate TAXI-CPDLC were reasonably low. 5.1 16(0.4 |.03
7 1 |*
16-T|The total time required for selecting a TAXI-CPDLC message, transmission of the 4.5 16 (0.8 .22
message, or reading and interpretation of a received message was adequate to 0 4

communicate in a safe and efficient manner.

17-T|The pilot’s TAXI-CPDLC response time was quick enough to work in a safe and efficient (4.8 |5 (0.4 |.05

manner. 0 5 |*
18-T|The mix of TAXI-CPDLC or voice handled aircraft did not lead to additional workload or [4.5 |6 (0.5 |.03
communication errors. 0 5 |*
19-T|The mix of TAXI-CPDLC and voice communication for different phases of a single flight |5.0 |6 (0.0 |.03
did not lead to confusion and safety critical communication errors. 0 0o |*
20-T|The automatic generation of the taxi route for a flight handled by TAXI-CPDLC was 3.5 16 (1.0 |1.0
appropriate and met my demands. 0 5
21-T|If the automatic generation of the taxi route failed or did not meet my expectation I could (3.2 |5(1.3 |1.0
easily select or compose an adequate taxi route manually. 0 0
22-T|The TAXI-CPDLC requests or clearances were easy to understand and could be handled (4.8 |5(0.8 |.05
in a safe and efficient way. 0 4 |*
23-T|It was easy to recognize an incoming data link message or request. 3.8 16 0.7 |.69
3 5
24-T|I never sent unintentionally a TAXI-CPDLC message to a wrong aircraft. 5.1 1610.7 |.03
7 5 |*
25-T|Sending taxi route information to the cockpit in advance of the real taxi route clearance is {5.0 |6 (0.6 [.03
an appropriate procedure to provide an enhanced service to the flight crews. 0 3
27-T|TAXI-CPDLC communication while the aircraft was taxiing could be performed in a safe [4.4 |5]0.5 [.05
and efficient way. 0 5 |*
28-T|The frequency of the next control position can be transmitted silently by a TAXI-CPDLC |5.1 |6 (0.9 |.03
massage, but the initial call from the pilot at the next control position should be retained |7 8 |*
by voice.

18 of the 23 items were answered significantly positive: All requirements were verified, all
procedures were accepted and previous stated anticipated concerns could be rejected. The five less
positively answered items refer mainly to the flexibility of the taxi route and the missing of a sound for
an incoming message.

By a descriptive analysis comparing the times needed for R/T communication in a test run with
and without use of TAXI-CPDLC was performed for the ground ATCO position (GEC).

% of total 4
test run
time 3
3
2
5 ® CPDLC
® NON CPDLC
1
1
5 |
o

Figure 2: Percentage of time needed for R/T Communication with and without TAXI-CPDLC
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The bar chart in figure 2 depicts the different amounts: In 15 test runs the voice communication
supported by TAXI-CPDLC could be reduced from 30.6% to 18.3% of the total amount of time.

Furthermore, the most meaningful controller comments regarding TAXI-CPDLC are reported
below. The comments reflect a common opinion of all six controllers.

o A transmission failure, instead of a positive LACK each time, should be transmitted.

o An acoustic signal for incoming TAXI-CPLDC could be helpful to attract attention to an incoming
message.

o The following phraseology was preferred for the initial call:

O Pilot: “Ruzyné Ground, DLH621 on your frequency”
0 ATC: “DLH621 follow data link”
0 Pilot: “Following data link, DLH621"”

o A “PUSHBACK APPROVAL” message does not have to be extended by additional data link messages
for special pushback procedures. If this would be needed voice communication can be used.

e Dealing with a revised taxi route while taxiing via data link was seen as potentially feasible by the
controllers. When sending the new taxi route a REVISED message was linked to the taxi route. This
was appreciated.

e Landing, go-around, line-up and take-off should be cleared by voice, as previously agreed.

A data link runway crossing clearance would have the potential to solve the operational problem to
switch off the red stop bar on the EMM, the clearance limit of the taxi route that was transmitted to the
[flight deck.

5. Discussion

The new service TAXI-CPDLC was investigated in a simulation environment and could prove its
operational feasibility. The ground executive controller (GEC) and the clearance delivery dispatcher
(CDD) handled START-UP, PUSHBACK, TAXI-in, TAXI-out, and HANDOVER by data link. For
instance, with outbound traffic the GEC transmitted the complete taxi-out clearance including the
clearance limit, which is usually a runway to be crossed: “TAXI TO RWY 06 HOLDINGPOINT VIA
TWY P L F HOLD SHORT OF RWY 13 NEXT EXPECT VIA TWY F”. Close to that clearance limit
the GEC handed over the flight to the tower executive controller (TEC) by “CONTACT LKPR
TOWER 118.100”. At this point the TEC continued control by voice communication only since
runway related clearances are rather time critical. With GEC and CDD also the readback was done by
data link, but pilots as well as GEC and CDD could always revert to voice when they felt a need for.
Controllers’ feedback for handling clearances by TAXI-CPDLC was predominantly positive. The
controllers significantly admitted that they were provided with a rather effective human-machine
interface to permit data link communication with the pilots. Furthermore, a mix of TAXI-CPDLC and
voice communication for different phases of a single flight and a mix of equipped and non-equipped
aircraft did not lead to confusion and safety critical communication errors. Prague controllers rejected
the formerly mentioned constraints, that they would be distracted by TAXI-CPDLC from looking
outside, and that they would be unsettled by too many input requests to operate TAXI-CPDLC (cf.
results in table 1).
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Understanding the influence of screen surface area and
information density on pilot’s visual scanning behaviour
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This paper discusses the influence of information density, the amount of display surface
area and cockpit reconfigurability on cockpit interaction and visual scanning behaviour
of pilots. An increased information provision to pilots after cockpit enhancements pose
potential visual workload issues due to additional visual scanning efforts. This
experiment showed that viewing time on the displays was reduced when additional
datalink information was presented, leaving more time for other tasks. This indicates
that meaningful additional information can support pilots without increasing visual
workload. The study also illustrates the importance of objective performance data in
validating assumptions regarding effects of cockpit upgrades.

1 Introduction

This paper discusses the influence of information density and the amount of display surface
area on cockpit interaction and visual scanning behaviour of military pilots. A twofold trend
is visible in the military aviation industry; an increase in the amount of information that is
presented to the pilot, and the availability of larger displays to facilitate such an increase. It is
rarely seen that larger displays are introduced and that at the same time the amount of
information is kept constant. Also in the civil aviation industry, larger displays often mean
new tools, such as the presentation of weather information and traffic on the navigation
display. Potentially this can be done at reduced cost without sacrificing safety (Reus, Gelder
& Lacoste, 2005). In fact, an increase of information often means a better Situation
Awareness for the pilot at a potential risk of increased workload.

In a study by Bohnen and De Reus, the NUmber of Display ElementS (NUDES) and
the memory loading were varied in order to determine its effect on workload (2004). Former
F-16 pilots participated in a study which hypothesized that pilots experience a higher
workload in situations where more symbols need to be sampled. Heart-rate and eye-tracking
data was captured as measures of workload. It was found that a symbol detection task with an
increasing number of symbols (up to 28) combined with a memory task especially showed a
degradation in performance. Also the number of NUDES greatly affected the mean fixation
duration on the display with longer fixations when more NUDES were presented.

Eye activity was assessed as a function of workload in a target identification memory
task (Van Orden, Limbert, Makeig & Jung, 2001). The participants were required to examine
and remember target classifications (friend or enemy) for subsequent judgement (fire upon or
allowing to pass) whilst the targets moved towards two centrally located ship icons. Between
one and nine ship icons were presented on the screen simultaneously. It was found that the
increase in fixation frequency and the increase in pupil diameter indicated an increase in
visual processing and cognitive load.

1.1 Objectives
This study aims to investigate the influence on information density, screen surface area and
cockpit reconfigurability on visual scanning behaviour of military pilots.

' Koen van de Merwe participated in this project when employed by NLR
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2 Methods

2.1 Experimental design
A 2x2 experimental design was setup that combined two display configurations (2 and 4
portals to display information) with two information densities (low and high).

2.2 Apparatus

NLR’s Fighter4Ship (F4S) was used for the mission simulation. F4S provides support for
modern and conventional cockpit layouts with F-16 simulation as a basis. Flight and avionics
models are highly realistic. F4S allows full data registration and an integrated eye tracker.

2.3 Display configurations

In the experiment, the display configuration was varied to have two or four information
portals situated adjacent to each other. The contents of these portals could be defined and
swapped according to the pilot’s preference. On these portals, tactical and aircraft status
pages were presented. The density in which this information was presented was varied in this
experiment. This means that other airborne entities were either displayed (datalink on;
information density high) or not displayed (datalink off; information density low).

2.4  Procedures

Missions required about 15 minutes. After briefing and training, four data collection runs
were conducted followed by a debriefing session. The order of the runs was altered using the
Latin Square method to avoid carry over effects. Between the first two and the last two
missions the pilots remained in the cockpit. After each second mission there was room for a
break and briefing.

2.5 Measurements

Visual sampling.

The eye tracker was used to continuously capture the total dwell time on a particular area of
the cockpit and the outside view (Area of Interest; Aol) and fix rate (fixations per minute).
These parameters provide information about the operator’s visual information processing and
importance of the display (Fitts, Jones and Milton, 1950; Jacob and Karn, 2003; Rayner,
1998).

Cockpit display usage.

The number of switches made by the pilots between the different pages was recorded. This
parameter provides insight into the need for a reconfiguration of the cockpit to successfully
perform the mission. The time a particular page was displayed was also recorded.

2.6 Participants
Six pilots participated in the experiment. All except two were active F-16 pilots. The average
flight hours on the F16 was 2150 hours (SD = 589 hours).

3 Results

Repeated measures analyses of variance (RM-ANOVA) were used for statistical
comparisons. All variables were checked for outliers and missing values. Partial eta-squared
(npz) is given as a measure of effect size. Pairwise comparisons were performed where
appropriate with Bonferroni corrections. For each analysis an o < .05 statistical significance
criterion was used.

3.1 Visual sampling

A significant difference was found in the total dwell time on the Aols between the two-portal
and the four-portal conditions (£(1, 27) = 9.505, p < .01, np2 =.260). In the two-portal
condition, an average of 29.80 seconds was spent on the Aols versus 37.20 seconds in the
four-portal condition. This seems to have been caused by the pilots using the targeting pod
(TGP; F(1,5)=5.034, p = .075, npz =.502; see Figure 1) to observe targets in detail.
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Figure 1. Total dwell time on the TGP.

A trend was found in the fix rate on the Aols (F(1, 29) = 3.636, p = .066, np2 =.111). With
less information displayed the fix rate on the cockpit displays seemed to be higher. Also a
significant interaction was found between the amount of information and the type of display
that was viewed (F(5, 29) = 3.550, p < .05, 17,,2 =.380). A trend was found indicating that with
four portals a reduction in fix rate on the outside view was found when the information
amount was high and vice versa (see Figure 2).
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Figure 2. Fix rate on the outside view.

3.2 Cockpit display usage
A difference was found in the number of times the pilots switched a screen on one of the
portals and the number of portals that were available. With two portals there were on average
17.9 switches and with four portals there were an average of 3.2 switches (F(1,4) = 14.537, p
<.05, np2 =.784). No influence was found by the amount of information.

A difference between the time a particular portal page was displayed was found
between two- and four-portal configurations (£(1, 4) = 68.218, p <.01, np2 = .945; see Figure
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3). That is, in the four-portal configuration all portal pages could be displayed simultaneously.
In the two-portal configuration it can be seen that the Fire Control Radar (FCR) was almost
always displayed by the pilot, and that the TGP was important in this particular scenario as
well as the Horizontal Situation Display (HSD). The Storage Management System (SMS)
page was the least displayed page. When present, the datalink information was displayed on
the FCR and HSD.

Portals
—2
—4

5007

400 O—\/

300

Seconds

2007

1007

T T T T
FCR HSD SMs TGP

Displays

Figure 3. The time a particular page was displayed on the portals.

4 Discussion
This study aimed to investigate the impact of screen surface area and information density on
visual information processing and cockpit display usage of fighter pilots.

4.1 Integrating information

Van Orden, Limbert, Makeig and Jung (2001) studied eye activity as a function of workload.
They found that when the number of symbols on the display increased, fixation frequency
(amongst other workload measures) on the display increased. This would indicate an increase
in workload when the number of symbols increases. This finding was not replicated in this
study. In our study, it seems that the number of symbols presented on the displays did not
affect workload in any meaningful way. In fact, an increased amount of data on the screen
may have provided better information to the pilots such that they could focus on the most
important displays for their task. The difference between this study and the study by Van
Orden et al. is that the datalink information presented on the screens of the pilots was already
categorized (i.e. friend, foe and unknown; information high condition) as opposed to
discerning this from the radar image (information low condition). Therefore, the pilots did not
need to remember the classification of the symbols; as this was indicated by the colour and
symbol type on the screen. Hence, when there was a lot to see on the displays (both in terms
of information and screen real-estate) the pilot’s attention was drawn towards the displays.
When there was not much to see (no datalink and two portals) the attention was drawn
towards the outside view. As a result, no increase in workload was registered.

Bohnen and Reus (2004) studied eye activity and mental workload in relation to the
number of display elements presented on a display. They found that mental effort increases
when the number of elements increases. In their study the focus was on the pilot’s ability to
detect display elements after which the pilot could classify these. They showed that with more
display elements visible, the pilots were required to process more information for
classification. This study showed that in a realistic mission scenario with datalink
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information, which was already classified, viewing time on the affected displays (FCR and
HSD) actually decreases and the viewing time on other areas increases. This indicates that
even though more information is presented to the pilots, as long as this information is
meaningful, it actually supports the pilots in their information acquisition.

Furthermore, when more display area is available to present the different portals pilots
tend to set a certain configuration that they think is most useful to the mission they are about
to perform. A large screen in combination with a reconfigurable display provides the pilots
with the benefit of being able to present a lot of displays simultaneously and organising them
in such a way that is most suitable for the particular mission.

4.2 Conclusion

This research has provided some initial objective results regarding the use of reconfigurable
cockpits with additional information availability and larger screens. This study showed that
viewing time on the tactical displays was reduced when meaningful datalink information was
presented. Consequently, viewing time on other displays and the outside view, relevant for
the pilot’s tasks, increased. This indicates that even though more information is presented to
the pilots with datalink, as long as this information is meaningful, it supports the pilots in
their information acquisition. Practically, this means that with such information and more
screen surface area pilots can be more efficient in their viewing behaviour. That is, they can
be quicker in their decision making, spend less time searching for specific information and
can spend more time focussing on their most relevant tasks. This result is in contrast to
concerns commonly voiced when increasing cockpit screen surface area or the amount of
information displayed. The study also illustrates that the use of objective performance data,
such as visual sampling, is important to validate assumptions regarding effects of cockpit
upgrades.
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Abstract

Recent studies have demonstrated a relationship between visual complaints and
musculoskeletal complaints in the working life sector, why this topic is of interest when vision
is reduced. Method: Thirty nine low vision patients were asked to participate in the study.
Data consist of two different questionnaires, visual tests, habits and state of common health.
Results: Correlation between visual and musculoskeletal complaints were significant
(Spearman’s rho = 0,409; p 0,01%). Linear regression pronounce balance-proprioceptive
complaints ( f=0,7075 p < 0.0001***), to be leading factor to musculoskeletal complaints.
Conclusion: When visual deficits restrict the individual, effecting on balance-
proprioception and musculoskeletal complaints.

1. Introduction
There are not many studies yet who have focused on the association between eye-complaints,
musculoskeletal complaints and proprioceptive complaints. In the past decade the topic has been
actualized in the working life sector among employees with normal vision with computer work
(Helland ,Horgen et al 2008, Norman, Floderus et al 2008, Richter 2008, Wiholm, Mathiassen et al
2007). As the results from these studies confirm an association between self-reported eye-strain and
neck shoulder symptoms it seems important to find more knowledge about these matters when vision
is reduced.

Age related macular degeneration (ARMD) is the most common eye disease leading to low vision in
the western world. The prevalence there is about 30% at the age of seventy, but the prevalence
among younger subjects is increasing in pace with increasing state of welfare (Peeters et al.
2008,Seddon et al. 2008) . ARMD patient suffer from deterioration in the macula region, with central
field scotomas which lead to problems where accurate vision is involved, as for example in nearly all
near work situations (Jager et al.2008). ARMD patients do need magnifying aids, which often lead to a
shorter reading distance and a more tensed reading situation. The use of magnifying aids often
increase development of musculoskeletal complaints in the working life sector, why ARMD patients
ought to be at risk (Krueger et al 1989).

These patients describe complaints about stiffness, fatigue in neck and shoulders as well as nausea
and dizziness. ARMD’s also have difficulties to judge distances or discern differences in levels on the
ground. These complaints are often uttered in excuse for their need to move slowly and they do not
associate these phenomena with their visual deficits, but from consequences from aging. From another
point of view, the need to see clearly, may lead to increased load and less variation in muscles
posturing the head or those muscles in need of information from a proper proprioception (Richter
2008, McPartland et al 1997).

It is confirmed that eye-hand coordination deteriorates in older adults, especially during high velocity
and precise movements. This has been considered to be a general degeneration of the brain cortex,

resulting in a loss of ability to coordinate visual inputs with hand movements. In ARMD patients we
do not know to what extent this noticed deterioration is due to normal aging or to visual deterioration

(Lord and Hylton 2000, Grant 1992, Grant et al 2007).
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2. Objectives

The purpose of this study at hand is to seek knowledge about how visual factors along with
surrounding factors as for example their estimate of their general health situation, their near work
habits, together with their visual impairment affect on musculoskeletal and balance-proprioceptive
complaints. If we could identify the most profound risk factors to develop musculoskeletal and
proprioceptive complaints, we could illuminate these matters and contribute to a better understanding
and better treatment of the patient.

3. Methods

Thirty-nine age related macular degeneration patients, 10 males and 29 females aged 64 — 85 year (M
=79.12, SD = 5,07) were enrolled in the study. The ARMD patients were enrolled only if they had had
an earlier contact with the clinic in order to select those who could have had a chance to be adapted to
their visual impairment. The ARMD patients were consecutively selected from the queue system of
patients who required a new appointment with the clinic.

Individuals who had been diagnosed with a condition that could be the cause of perceived muscular
pain, such as Arthritis, Multiple Sclerosis or Parkinson’s disease, were excluded.

The study was performed according to the tenets of Declaration of Helsinki. The Regional Ethical
Review Board in Uppsala (Sweden) gave its approval to the study.

3.1 Visual Assessments

Binocular Visual Acuity was estimated by measuring best corrected distant acuity, in decimal values,
using the ETDRS log MAR letter chart, which is designed and recommended for use in clinical trials
especially when low vision is the case.

Minimal readable print size was the estimate of minimum print size of letters that could be read, with
the assistance of normal aids. Print sizes were recorded in “points” = p, where each p is equal to 1/ 72
of an inch, (0,35mm), and the number p refers to the body size of the actual letter. Minimal print size
“8 p” refers to normal print size used in advertisements and newspapers where the body size is about 3
mm (2,82 mm).

Need for magnification/enlargement. Their need for enlargement when reading was estimated. The
calculations were made from the total addition of diopters from all normally used assisting visual aids.
In the calculation, each unit of magnification equals to 4 .0 D. For example, if 8D spectacle
microscopes were used, the calculation yielded 8/4 = 2X. If 4.0 D reading glasses were combined
with a 20 D hand —held magnifying aid, the equivalent magnification was 4/4 +20/4 = 6X.

The types of visual aids were recorded. If the actual clinic visit resulted in a new prescription, which
they liked and which led to a better performance, this was from then on considered as their present
aid(s). None of these ARMD patients were totally dependent on technical aids (as closed circuit
television — CCTV), why all measurements refers to optical aids such as a) single vision reading
glasses or spectacle microscopes, b) bifocals or progressives c¢) hand held magnifying aids, combined
with other glasses or used on their own.

Actual reading distance was estimated using a measuring tape, when the subject was reading with
assistance of their normal optical aids.

Binocular viewing (the use of both eyes) or monocular viewing (if just one eye were used when
reading) was registered.

3.2 Self-rated assessments

Visual function. The National Eye Institute’s Visual Functioning Questionnaire-Near Activity
Subscale ( NEI-NAS) was used to assess the participants’ self—rated visual quality. The NEI-NAS -25
is often used, which is known to be a valid and reliable tool for assessing self-rated visual function
(Sharma and Olver-Fernadez 2004, Finger et al 2008). Low scores on NEI-NAS-25 have been
associated with marked problems related to near visual activities, general health issues and a reduced
quality of life.

Complaints. To obtain information regarding balance-proprioceptive, visual and musculoskeletal
complaints, we used a questionnaire which consisted of five questions in each of these three areas, as
in the former study. The reliability was tested which resulted in Cronbach’s alpha 0,81 on items
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related to visual complaints, an alpha of 0,85 for musculoskeletal complaints and an alpha of 0,88 for
balance/ proprioception. Each question was answered using a visual analogue scale (VAS), ranging
from 0 (no problem at all) up to 10 Problems all the time), with verbal anchors set at 3 (occasionally)
and at 7 (quite often).

All questions could be read in appendix.

Do you consider yourself as perfectly healthy? All participants were asked if they considered
themselves as perfectly healthy. The registered value was either Yes or No. If the answer was no, they
could describe why this was the matter.

Duration of near work habits. The participants were asked to estimate how long time they were
occupied with reading and near activities during each day. They could choose to answer in four
different time limits: a) less than 30 minutes a day, b) up to about an hour a day, c) up to about two
hours a day or d) more than two hours a day.

3.3 Procedure

All ARMD patients were recruited from the ordinary queue system, established from when they had
contacted the Low Vision clinic. All patients, strictly following the order in the queue, were asked to
participate if they met the inclusion criteria. Informed consent was given. If they agreed to attend they
could either choose to receive the questionnaire in advance, or wait until the set appointment, where
the questionnaires could be completed with help from the personnel at the low vision clinic. Nearly all
of the participants chose to have the questionnaires completed with an assistant reading the
questionnaires.

3.4 Statistical Analysis

Descriptive analyzes considering all values were performed to reveal prevalence of symptoms in each
category. T-tests were used to indentify significant differences. All figures refers to 95% CI (2-tailed).
Spearman’s rho (p) was used for correlation analysis. Linear regression analyzes were performed in
order to evaluate the impact from near work habits, optical and visual factors on proprioception and
musculoskeletal complaints. All statistical analyses were carried out using SPSS 17 for Windows
(manufactured by SPSS Inc., Chicago, Illinois, USA).

4. Results

The VFQ-NAS questionnaire gave low results. (M = 44,6 ; SD 20,55; range 16,7-95,8), which confirm
a low near activity visual function level. ). Nearly all of the participants (89,7 %) could read normal
print size with assisting aids. Mean value of miminimal readable print size was 5,7 p, SD=2,3. Mean
value of enlargement was 2,8 X ; SD 2,2. In 54 % of cases the aids consisted of ordinary bifocal or
progressive correction in spectacles in combination with a hand held magnifier.

4.1 Musculoskeletal complaints

Mean values of musculoskeletal complaints in was 7,6 ; SD = 10,1. The correlation between
Musculoskeletal Complaints and Visual Complaints was significant (Spearman’s rho = 0.409 ; p =
0.01**). Linear regression analysis dismissed reading distance, enlargement and near work time as
predictive significant risk factors for developing musculoskeletal complaints. The most pronounced
factors were 1) Balance/Proprioceptive complaints (Beta = 0,705 ; p <0.0001***) followed by 2)
VFQ-NAS (Beta= 0,679; p=0,01**), and 3) Visual complaints (Beta 0,42 ; p=0,015%).

4.2 Health

Almost 56% of the participants considered themselves as to be fully healthy. The remaining part (
44%) described a presence of high blood pressure or other somatic health problems as for example
heart problems. Only one person referred to be not healthy due to eye diagnose ARMD. Those who
felt unhealthy were thus more represented to have musculoskeletal complaints (M =10,82; SD = 12.00)
than those who felt healthy (M= 5,04; SD=7,74) (Mean difference 5.77 ; p = 0.07).
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5. Conclusion

The consensus is that the essential feeling of being somatic healthy or content, is most important. If
the visual input is inadequate, resulting in insecurity and fear for physical activities or motion fear,
physical health also will become fragile. If physical health is decreased it is even harder to recover
thus motion fear, inhibits the individual from physical activities and increases the risk of fall accidents.
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1. Introduction

The starting point for this study was the influence of visual system variables on
musculoskeletal variables and vice versa. The need to “see clearly” on face validity
alone may be assumed to lead to immobilization of neck/scapular area muscles and
resulting muscle stiffness due to increased load and less variation. Visual system
variables as a musculoskeletal risk factor have been relatively neglected in the literature.
The aim of the present study was consequently to elucidate the joint occurrence of eye-
neck/scapular area symptoms and their possible association with work-related load
factors among professional computer users.

However, if an association between ratings of eye-and-neck/scapular area discomfort
is present, it might be spurious and due to a confounding common third variable.
According to this view, neck/scapular area symptom association with eye discomfort, or
alternatively, with variables concerning optical/physiological aspects of visual quality,
are not hypothesized to occur when the effect of the “third variable” is partitioned out of
the common variance in ratings of symptoms. In contrast, and according to our research
hypothesis, a simultaneous increase in visual and musculoskeletal loads over time
causes parallel symptom development in both visual and musculoskeletal effectors due
to what might be hard-wired sensorimotor reflexes and/or a generally very tight
functional coupling from and between the eye-neck/scapular area effectors (from here
on referred to as the gaze hypothesis). One scientific challenge in this context is to
adequately identify the sources to this “third variable” when attempting to refute the
gaze hypothesis. Unlike the study at hand, the work by Wiholm et al. (2007) stressed
the importance of psychosocial work variables as possible covariates when the
relationship between eye-neck/scapular area symptoms among 1,183 call center
employees was tested in a logistic regression model. In a related study involving a
visual ergonomic intervention in 34 computer work employees, Helland et al. (2008)
included questions on organizational and psychosocial factors, the experience of
lighting, as well as the influence of pain on work capacity, when the link between eye-
neck/scapular area symptoms was analyzed in a hierarchical regression model. In both
of these studies, a significant eye-neck/scapular area relationship was apparent even
after the influence from a broad range of psychosocial and lighting variables had been
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taken into account. Helland et al. (2008) reported significant correlations between eye-
neck/scapular area discomfort, and in their regression model, 53% of the variance in
neck/scapular area symptoms was explained by the eye symptoms. The evidence for
linkages between eyestrain and neck/scapular complaints is nevertheless still limited.
The current study thus attempted to extend the earlier work by specifically illuminating
the importance of optical/physiological variables that address different aspects of visual
quality as possible mediators of simultaneous eye-neck/scapular area symptom
development during professional computer work.

2. Methods

2.1. Study population

The participants consisted of 3,971 employees at LM Ericsson in Stockholm, Sweden
between the years of 1986 and 1989, who worked with computers for a minimum of one
hour a day. Due to missing values, the data consist of 3,496 participants, of which 2,551
(73%) were men and 945 (27%) women, with an age range of 18 up to 64 years. The
mean age was 38.1 (SD=10.7) for men and 37.6 (SD=12.0) for the women.

2.2. Data collection

The measures described below were obtained via a self-administered survey in
combination with a visual examination conducted by an optometrist. After omitting
variables with > 5 % data loss and checking for co-linearity, the data were reduced to 12
variables involving different aspects of Near work, Visual functioning and Eye-
neck/scapular area symptoms.

2.3. Derivation of index variables

2.3.1. Near work

The first measure, work time, was coded into two levels: (1) 1-5 hours; (2) 5-8 hours.
Five additional measurements focused on whether five different subcategories of
computer tasks were performed throughout a typical workday: Registering, Information
search, Construction/Graphics, Ordinary typing tasks and Programming. Each item
was reported in a dichotomous format: Yes (1)/No (0).

2.3.2. Optical/physiological aspects of visual near work

Five measures of visual functioning were obtained via the optometric examination. The
use of glasses provided information about either a history of earlier detected refractive
error and/or the prevalence of presbyopia. This item was ranked according to three
levels: (0) no use of glasses; (1) use of habitual single vision correction, or; (2) use of
multifocal correction or progressive correction in habitual glasses due to more profound
degree of presbyopia. The refractive difference was measured with a Humphrey auto
refractor apparatus and the results were coded according to three levels: (0) a refractive
difference less than 1.0 D in comparison to previous spectacles or emmetropia; (1) a
refractive difference of at least 1.0 D, compared to previous spectacles or emmetropia;
(2) both spherical and astigmatic difference of more than 1 D compared to previous
habitual spectacles or emmetropia. Visual acuity was measured with or without habitual
correction and refers to binocular results. The results were given in decimal Visual
Acuity (VA), which was measured in 10 steps from 0.1, 0.2, 0.3 .up to 1.0. Near visual
acuity was estimated with the use of Jaeger reading tests, giving a measure of the
sufficiency of accommodation during near work and/or limitations in near visual acuity.

E2-6





E2- Visual Ergonomics1

This measure was equivalent to the minimum size of letters that could be read at a
normal reading distance of approximate 40 cm. The results were trichotomized into the
following levels: (0) type face Jaeger no. 1, which approximately refers to decimal VA
of 0.66; (1) type face Jaeger no. 2 which equals to decimal VA < 0.55 or N5; (2) Jaeger
chart no. 3 and above, which is equal to reading type faces sized N6 or larger or a
decimal VA of 0.5 or worse. Near binocular quality (vergence disparities) were
established using Mallet’s test, which includes a central fixation target that the subject
was instructed to fuse binocularly. The disparities were coded according to three levels:
(0) no phorias; (1) esophoria or exophoria; (2) a combination of eso- or exophoria
together with a vertical phoria.

2.3.3. Ocular and muscular symptoms

All employees were asked if they had experienced any eye-neck/scapular area
discomfort during the last year. If they answered “yes” they were also asked to specify
its severity and frequency. Ocular and musculoskeletal symptoms were evaluated based
on the results of the questions in the questionnaire regarding symptom severity
(“insignificant,” “fairly mild,” “moderate” or “severe”) and frequency (“never,” “from
time to time during a month,” “from time to time during a week,” “isolated episodes
approximately every week,” “isolated episodes during less than a week,” or “every
day”). This resulted in a ranking from 0-7, where 0 indicated “no discomfort”, 1-3 “mild
discomfort”, 4-5 “moderate discomfort” and 6-7 “severe discomfort”.

2.4. Statistical methods

Data were first assessed for means and standard deviations using the SPSS 18 for
Windows (manufactured by SPSS Inc., Chicago, Illinois, USA), after which they were
analyzed in a correlation matrix on all variables. Correlation coefficients that reached
significance (p<.05) were inspected for further analysis. To examine the relationship
between Ocular and Musculoskeletal symptoms in regard to influences from Age,
Gender, different categories of Near work and Optical/physiological aspects of visual
near work, two separate hierarchical multiple regression analyses were conducted. First,
Age and Gender, and secondly Near work variables and Visual functioning variables
were regressed on each of the two symptom categories separately in a stepwise manner.
In a final step, eye symptoms were regressed on neck/scapular area symptoms after the
impact of all potential confounders had been partitioned out of the variance.

3. Results

The association between eyestrain and neck/scapular area symptoms was positive and
significant (r=.33), as was the correlation coefficients for the women and men (r=.37
and r=.29, respectively). The magnitude of the correlation coefficient linking symptoms
from the eyes with symptoms from the neck/scapular area was significantly larger
among the women compared to the men (Z=2.36, p<<0.05). The most pronounced factor
influencing both ocular and musculoskeletal symptoms was Work time. Several of the
near work tasks impacted significantly on both eye-neck/scapular area symptoms:
Typing, Word processing, as well as the visual quality variable Use of glasses. All other
visual quality indices had a significant influence on Ocular symptoms only. When the
multiple regression model was computed on all of the available predictors, as potential
covariates, with the neck/scapular area symptom as the dependent variable and eye
symptoms as the independent variable, the association between these two symptom
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categories was still highly significant (r =.29). The explained variance (i.e., R?) of the
hierarchical regression model was almost doubled (from .09 to .17) when including
Ocular symptoms. 17 % of all of the variance was explained in this regression model
and thus 83 % of the variance in neck/scapular area symptom still remains unexplained
even after the influence of all of the current potential covariates had been partitioned out
of the common variance.

4. Discussion

This study tested the effects of exposure to different indices of optical/physiological
visual quality, during varying types of near work, on the occurrence of eye-
neck/scapular area symptoms. The prevalence of occupational asthenopia ranges
between 25-35% among professional computer users. Although these estimates are
dependent on how the symptom is operationalized, the 27% prevalence of asthenopia
observed here concurs with previous observations. The combined symptoms reported by
Wiholm et al. (2007) had a prevalence of 21% among call center employees, an
outcome that agrees well with the estimate reported here. The question is why
musculoskeletal complaints are coupled with asthenopia (or vice versa).

An adequately functioning visual system is crucial for comfortable near work. The
near response consists of a tightly coupled triad of eye movements: dioptric
accommodation of the crystalline eye-lens; convergence /divergence of both eyes
toward the locus of fixation; and pupillary constriction /dilatation . An undue increase in
oculomotor load due, for example, to sustained eye-lens accommodation at near (i.e.,
when the ciliary muscle is contracted close to maximum), in response to ergonomically
unfavorable viewing conditions, represents a risk factor for trapezius muscle myalgia
(Richter et al., 2010). The demands on precision of eye-hand coordination across
various subcategories of near work, moreover, may give rise to an unfavorable strategy
of visuomotor control and consequently more symptoms. Even when eyestrain and/or
musculoskeletal discomfort co-exist in parallel, independently of each other, a change in
posture in response to visual stress may occur at the expense of creating
musculoskeletal difficulties, or in the worst case, may fail to alleviate visual fatigue and
introduce additional postural discomfort. Hence, testable predictions, emanating from
the gaze-control hypothesis, postulate that an increase in oculomotor load and
symptoms, following adverse visual conditions, eventually give rise to a parallel
increase in neck/scapular area load and symptoms.

The current results leans in favor of the gaze control hypothesis. The use of eyeglasses
in the present study was related not to only eye symptoms, which is to be expected, but
also to neck/scapular area symptoms. Eyeglasses, in all likelihood, reveal a history of an
earlier noted inadequate visual function. Exposure to ocular symptoms might have
increased the tendency to seek optical aid. Discrepancies between accommodative and
vergence stimuli from the retinal image have been attributed as causing work-related
visual fatigue. In the clinic, this type of heterophoria is also associated with
musculoskeletal pain and discomfort. Similarly, a deficiency in visual function can
result in headaches and asthenophic symptoms. Since the optics of the eye change
dramatically around the time when presbyopia occurs, at about 45 years of age,
spectacles may not be renewed soon enough. The annual rate of decrease of
accommodative amplitude is ~ 0.34 D/year. Exposure to an increased postural load may
also follow with the use of eyeglasses (see references in Helland et al., 2008). When
triggered by prolonged near work in the presence of uncorrected hypermetropia,
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compensatory oculomotor efference may also cross over to motor tracts, thereby driving
and posturing the visual-musculoskeletal effectors in one synergistic fashion. Although
causation in the opposite direction cannot be ruled out, it seems less likely.

The residual unexplained variance remaining between eye-neck/scapular area
symptoms, after considering influences from the co-variates, in all likelihood arise from
psychosocial and lightening variables as outlined in other studies as well as other
variables yet to be identified.

4.1. Strengths and weaknesses of the study

The current hierarchical regression analysis did not include measures of exposures to
neck/scapular area loads, which according to the gaze hypothesis would be directly
implicated in the generation of musculoskeletal symptoms (when the oculomotor load
increases in response to fatiguing near work conditions). Such musculoskeletal
measurement variables would ideally include estimates of the vertical gaze angle
relative the ear-eye line, the viewing distance, and the neck angle, and their patterns of
correlation with muscle activity (the ear-eye line is a suitable reference because it
moves with the head and is not dependent on where the head rotates), as well as
measures of normalized muscle EMG activity and variability in body posture from
different parts of the upper body.

A central tenet of the gaze-control hypotheses is that the tight coupling between eye-
neck/scapular sensorimotor functionality is achieved by evolution, with ancestral
parallels in other primates (Richter et al., 2010). The 20-year old data from Sjogren and
Elfstrom, which were analyzed in this study, yielded close to identical results regarding
the prevalence and composition of the combined eye-neck symptom relative to studies
of much more contemporary date. The replication of recent scientific findings, using
relatively old data, lends credence to the biological stability of the gaze mechanism as a
viable mediator of musculoskeletal symptoms.

Concluding remarks

In this study, two analytic approaches were contrasted against each other. According to
the null hypothesis the eye-neck/scapular area symptom association is spurious and due
to a third variable whereas the gaze control hypothesis (Richter et al., 2010) attributes a
functional coupling between the eye-neck/scapular area effectors as one fundamental
cause underlying the present results. The results of the hierarchical regression analyses
support the gaze hypothesis which postulates that eye-neck/scapular area symptoms
interaction may be due to a functional coupling from and between the eye-neck/scapular
area effectors. These results underscore the importance of frequent visual checkups
during prognostically favorable stages of eye-neck/scapular area symptom progression,
as stated by EU-regulation.
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Abstract

Strong laser pointers have become readily available at low cost
during the last years. Predominantly, young men use these pointers
for different purposes, including aiming at humans. Apart from the
eye injury, pointing a strong hand held laser pointer towards a
person can cause intense glare, after images, and lost dark
adaptation. Such glare is a great, even life threatening danger if the
exposed person is driving a vehicle at high speed or maneuvering
an aircraft about to land. A danger not only to the driver or pilot
himself but also to the passengers and people in the nearby
environment.

1. Introduction

Laser pointers were initially developed to be an alternative to teachers traditional wooden
pointers. From having been quite expensive a decade ago, the price has now fallen to a few
Euro for the cheapest versions. These pointers usually have an output power around 1 mW,
which is enough to produce a bright spot in order to direct the auditorium visually to the
presentation area of interest. Such low output power poses no risk of known eye injury even
if exposed directly for several minutes (Ajudua et al. 2007).

As these pointers got cheaper, they became available to people other than teachers and
business men and predominantly youngsters started using them as toys and e.g. pretended
having weapons with laser aim devices. The output power also started to increase which has
permitted new applications and considerable misuse. The heat from the bright spot is now
often so intense that the laser could be used for e.g. exploding balloons and lighting
cigarettes.

1.1 Health risks

Not surprisingly, these items can also produce retinal damage (Wong et al. 2007; Robertson
et al. 2000; Robertson et al. 2007). Since the laser beam is focused by the cornea and the
lens; it can produce intensity levels at the retina that are about 10 000 to 100 000 times
higher than in the beam itself. The risk distance for permanent eye injury if exposed to a 20-
30 mW laser is several meters, the corresponding distance for a 500 mW laser is up to

30 meters.

Also at further distances these laser can pose great danger. Intense disturbing glare has
been reported by pilots at kilometers distance. Bus drivers have reported that the glare is so
intense that they can not see anything in front. While driving a vehicle, or maneuvering an
airplane (Nakagawara &Montgomery 2000), this condition is of course extremely hazardous
and puts not only the driver or pilot and all passengers in life threatening danger but also
people staying close to the road or on ground below the airplane.
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2. Visual ergonomic implications
In a visual ergonomic perspective, misuse of strong laser pointers induces one of the most

intense sources of glare known. Even from the weaker output power versions, the luminance
of the spot is brighter than the sun. At visible laser exposure, the eye is protected by the
immediate blink reflex often combined with an altered position of the head to get out of the
laser beam. But at sudden exposure to strong handheld lasers this reflex, even if performed
within 0.1 s, is not fast enough to protect the eye from retinal damage.

An opposite reflex is the phototropic reflex that makes most humans respond to sudden
bright light by directing his gaze and head towards the bright light source to identify its
origin. This reflex behaviour might end up in exposure of the central part of the retina,
macula, where the photoreceptors responsible for our most detailed vision are located.
Impaired vision in this region means difficulties in detailed visual tasks such as reading and
is, of course, a severe possibly life long visual handicap. By training in e.g. flight simulators,
the phototropic reflex can be reversed so that instead of looking towards the laser light, the
person points his gaze away from the source.

3. Protection strategies
If laser exposed frontally while driving a vehicle in high speed, manoeuvring an airplane, or

at a police intervention, the gaze direction cannot be altered. Here, personal protective
equipment is needed to reduce the risk of retinal damage and glare induced temporary visual
impairment. Laser protection glasses that filters green or red laser light are available at a cost
of about 100 Euro but the knowledge about if they are suitable for use in different work
situations is still minute. For this evaluation, knowledge about visual ergonomics is needed.
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Background: The aim of this study was to determine whether two relative humidity (RH) levels
influenced visual symptom frequency and eye blink rate among healthy young adults while
performing visually demanding tasks on a laptop computer. In addition airborne particles were
monitored during the experiments (concentration, size and type of particles) in order to control for
possible effects from particle deposition on visual symptom frequency and eye blink rate.

Method and study design: 15 healthy volunteers with normal vision were randomly selected among
students at Buskerud University College. They were all experienced computer users. The experiments
were conducted at an optimised workplace in a research laboratory with no perceivable airflow/draft in
the room. The two RH levels were approx. 25 %, and approx. 44 %, and the temperature was kept
within normal indoor range (approx. 21°C). For any subject the range of RH and temperature change
during a test session did not exceed more than + 2 % and £ 1 °C , respectively. The subjects worked
with a laptop computer with a 15 inch LCD screen, and performed a visually demanding task finding
and “bolding” as many letter e’s as possible in an unfamiliar English scientific text. Visual and ocular
symptoms were recorded with a self administered questionnaire using Visual Analogue Scales (VAS).
The questionnaire was filled in before the test, between each of five work sessions of active recording,
and after the last session. Each session lasted for 10 min, with a short period of rest in between, and
the total test period was approx. one hour. To record and investigate the eye blink rate a digital video
camera was used. The test session was repeated once, four to six weeks later at a higher RH level,
without the subjects being aware of the RH change.

Air quality was monitored by aerosol sampling on 25 mm diameter polycarbonate filters with pore
size 0.8 um in open-faced sharp-edged filter holders as described by Witschger et al. (2004) using a
flow rate of 10 L min™. The filters were placed vertically at eye-height approximately 0.4 m from the
test subject’s face. The aerosol mass was determined by gravimetry. The particle type, number and
size of the particles were determined by analytical scanning electron microscopy and a particle counter
(GRIMM Dust Monitor Model 1.105). The independent variables were the two levels of RH and
variables related to the difficulty of the task on the computer (character size on the screen and the
luminance level in the near surroundings). The dependent variables for the subjects were visual
symptoms and the eye blink rate. The variables concerning air quality were the concentration, size and
types of particles and were included in the models to adjust for possible confounding.

Results and discussion: The results will be presented and discussed in the oral presentation at the
NES 2010 conference.

Witschger, O., Grinshpun, S.A., Fauvel, S. And Basso, G. 2004 Performance of personal inhalable

aerosol samplers in very slowly moving air when facing the aerosol source. Ann. Occup. Hyg. 48(4):
351-368
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Abstract

This paper reviews a selection of articles on studies of amplitude modulation of light referred to
as “flicker”, and its effect on humans. Flicker may be a factor that can affect us in many
different ways, even when we are unable to see it. Flicker affects our productivity and our well-
being; it can cause headaches and eyestrain. It may also be one of the factors behind subjective
hypersensitivity to electricity and overactive children.

1. Introduction

Flicker, or amplitude modulation of light, is a lighting factor in our environment
that can have a large impact on humans. The frequency at which we start to see the
flicker is somewhat individual and is called Critical Flicker Frequency or Critical
Fusion Frequency (CFF). Even if we are unable to notice the flicker visually, our brain
at times seems to register it anyway. The ability to detect flicker is higher in the
periphery of our visual field than in the center (Boyce, 2003).

Younger people seem to be more sensitive to flicker. The vision of children
develops rapidly which gives reason to believe that they also are more sensitive to
different types of lighting. A study of autistic children showed an increase in activity
when exposed to flickering light. Japan was affected by the so called “Pokemon
incident” when the children’s show was first released. There was a pulsating red light
source that induced seizures in a few hundred people, mostly children (Takahashi &
Tsukahara, 1998).

People with subjective hypersensitivity to electricity (EHS) usually have rather
unspecific symptoms, which makes it hard to diagnose. Symptoms include headaches,
increased heart rate, tiredness, concentration difficulties and facial redness. A number of
studies have failed to find correlations between electromagnetic fields and EHS (see
review from SSM, 2009). These individuals usually claim that it is CRT screens
(Cathode Ray Tubes, the big type of screen) and lighting tubes with conventional
ballasts that are the most common source of the onset of their problems. One thing these
two sources have in common is the ability to cause non-visible flicker. A number of
studies have shown that individuals with EHS have a higher sensitivity to flicker and a
lower CFF (Lyskov et al., 2001a; 2001b; Sandstrom et al., 1997).

One study examined the different reactions to flicker between a group with EHS
and a control group. The group with EHS had increased EEG alpha activity for light
with high modulation (37%). There was no tendency for the control group for increased
alpha activity. The results also showed that the subjective feeling of decreased well-
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being correlated with the increased alpha activity among the EHS patients (Wibom et
al., 1995).

Studies of individuals with EHS show that they as a group have an autonomic
nervous system activity that differs from healthy individuals. Heart rhythm, blood
pressure and regulating the body temperature are some of the body functions that are
controlled by the autonomic nervous system (Sandstrom et al., 1997).

Alcohol consumption and some drugs affect flicker sensitivity. Working in 50 Hz
lighting (=100 Hz flicker) resulted in a longer reading time and increased number of
mistakes in a reading test compared to working in a flicker free environment (Pearson &
Timney, 1998).

In a questionnaire based study of individuals with agoraphobia (an irrational fear
of going outside) who suffer from panic attacks with extreme fear, it was found that
these attacks often were preceded by flickering light. When comparing three different
light sources (light bulbs, conventional fluorescent light and HF fluorescent light), the
heart rate of individuals with agoraphobia increased while exposed to flickering light.
They also reported a higher amount of panic emotions in fluorescent lighting (Wilkins,
1995).

Participants performed some visual function tests in flickering and non-flickering
light in a study by Veitch and McColl (1995). In the flickering light, they performed
worse on a Landolt ring test. The largest difference was when the reading material had
the lowest luminance contrast. The authors speculate that the flicker might cause some
“noise” in the neural activity.

In a study performed by Kiiller and Laike (1998), a group of individuals with high
CFF and a group with low CFF were examined. In the high CFF group, the authors
found a decrease in alpha activity, higher reading speed and more mistakes while
reading in lighting with high modulation. These changes can be interpreted as an
indication of increased stress. The study showed that not all participants were affected
by the highly modulated light, but there may be subgroups that are more sensitive. This
corresponds well with the discussions in studies of EHS. Kuller and Laike’s study
showed that about 40 percent of the participants belonged to this more sensitive group
and that they were a bit younger, smoked less and drank less alcohol.

2. Discussion

In the mid 1980s, computers had become new tools in the workplace. They had
CRT screens with a repetition frequency of the picture at 60-85 Hz. The normal CFF is
65-72 Hz. EHS individuals tend to have higher sensitivity in the frequency range of 30-
100 Hz. In the late 1980s, a new type of lighting tube was introduced and installed in
older luminaries with conventional ballasts, which resulted in an increase in light
modulation from approximately 20% to 35-40%. It should be noted that the number of
patients affected by subjective hypersensitivity to electricity increased markedly during
this period (Sandstrom et al., 2002). There have been discussions in the medical field
that flicker might be one of the factors behind overactive children.

Sensitivity to flicker decreases with age. Considering that we today have less
flicker in our surroundings, lighting fittings with HF ballasts, flat computer screens, and
TVs, this might be a factor that can contribute to fewer problems with over activity
among children and EHS. In the last decade, the reporting of new EHS cases seems to
have decreased.
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Asthenopia induced by visually demanding VDU work: Association with
muscle activity and muscle blood flow in orbicularis oculi

Thorud, Hanne- Mari Schigtz , Helland, Magne, Gunnar, Horgen, Aaras, Arne,
Kvikstad, Tor Martin and Lindberg, Lars Goran.
Buskerud University College, Norway
Linkdping University, Sweden
e-mails: hanne-mari.thorud@hibu.no; Magne.Helland@hibu.no;
Gunnar.Horgen@hibu.no; Arne.Aaras@hibu.no; Tor.Martin.Kvikstad@hibu.no;
li@imt.liu.se

1. Background

Eye strain during visually demanding work may be related to increased muscle
tension and changes in muscle blood flow in m. orbicularis oculi. The aims of this
study were to investigate the development of asthenopia in relation to muscle activity
and muscle blood flow in m.orbicularis oculi during computer work.

2. Method and study design

A group of healthy young adults with normal vision (14 females and 6 males, 22 + 4
years (mean x SD)) at the Department of Optometry and Visual science at Buskerud
University College was randomly selected. Symptoms of asthenopia were measured
on visual analogue scales (VAS) during a two hours working session on a laptop with
visual stress. During the working period muscle tension and muscle blood flow were
measured by electromyography (EMG) and photoplethysmography (PPG),
respectively, in m.orbicularis oculi. The location of the EMG electrodes and the PPG
probe on m. orbicularis was 15 mm beneath the lower lids, on both sides on a vertical
line intersecting the pupil. The reference EMG electrode was placed on the
maxillaries bone. The EMG signal was normalized by performing calibration of the
EMG response to force. The 0,1s intervals of the sampled EMG are ranked to
produce an amplitude distribution function (ADF). Static, median and peak load are
defined as the ADF levels 0.1, 0.5 and 0.9 respectively. Analysis of low levels of
muscle activity was also performed. 1 % and 2 % MVC levels were chosen and the
number and total duration of periods below these levels was calculated from the root
mean square (RMS) values of the EMG signal (1). A custom-designed PPG probe
(Department of Biomedical Engineering, Link6ping University, Linkdping, Sweden)
was developed and optimized for measurement of orbicularis oculi muscle blood flow.
Similar applications of PPG have recently been used to measure blood flow in a
variety of other muscles (2, 3, 4). A P value less than 0.05 was considered
statistically significant.

3. Results and discussion

During the two hour work session there was a significant increase in several
symptoms of asthenopia like eye fatigue, blurred vision and tearing eyes. The EMG
measurements showed significantly increased and stable orbicularis oculi muscle
tension during the working session compared to rest. The static level (0,1) was low
with mean values between 0,91 and 1,14 % of maximal voluntary contraction (MVC).
Orbicularis oculi muscle blood flow increased gradually during the first 30 min of the
work session, but then there was a decreasing trend in muscle blood flow. These
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results may indicate an association between asthenopia and increased muscle
tension and altered muscle blood flow in m.orbicularis oculi.
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The effect of glare on binocular vision

S. Glimne', R.L Brautaset, J. Ygge?, G. Oquist-Seimyr?

1 Karolinska Institute, Dept of Clinical Neuroscience, Unit of Optometry, Stockholm, 104 20,
Sweden.
2Karolinska Institute, Dept of Clinical Neuroscience, Unit of Ophthalmology and Vision, S:t
Eriks Eye Hospital, Stockholm, 112 82, Sweden
email: susanne.glimne@ste.ki.se

Summary
The aim of the study was to investigate if binocular vision is affected by glare while performing tasks
on a computer determined by fixation disparity. Based on the analysis, light reflection had no
significant effect upon the from a window behind, a ceiling lamp in front, a ceiling lamp above, and a
desktop light at right.

1. Introduction
High luminance levels in the field of view create glare discomfort (Anshel, 2005). Asthenopia is one
of the major subjective symptoms. This is a well-known phenomenon, however the physiological basis
for glare discomfort is not known (Anshel, 2005). Because of glare discomfort, certain maximum
luminance ratios that should not be exceeded has been established in American National Standard
Institute, Report No ANSI/IESNA RP-1-1993. The luminance ratio between the central task and the
immediate visual surroundings (within a radius of 25 degrees) should not exceed 3:1. The luminance
of a computer display is 80-120 cd/m?. Suggested luminance level in a office environmental is 400
cd/m?. The presence of fixation disparity often indicates that binocular vision is under stress and is a
usefull diagnostic tool because it is related to fusional convergence effort. Stress associated with the
use of fusional convergence can result in asthenopia (Goss, 1995).

2. Subjects and methods
The effect on binocular vision was measured by fixation disparity test in 16 subjects with normal
binocular vision, asymptomatic, and free of ocular pathology. Vertical fixation disparity were
measured with red/green separated nonius lines (on a white background) presented on a 17 inch LCD
computer screen at a distance of 60 cm using an in-house display program written in Matlab with the
Psychophysics toolbox (Brainard, 1997; Pelli, 1997).

3. Discussion
A previous study shows that blur had a strong effect on fixation disparity and became more exophoric
(Jaschinski-Kruza, 1994). Considering the working environment, blurred image can arise from
reflected glare [1]. Performed luminance levels had a range of 400-2000 cd/m?. Light reflection which
perform glare did not induced stress on binocular vision considering performed luminance levels.

4. Conclusions
Glare, performed by light reflection from a window, a ceiling lamp, and a desktop light did not effect
binocular vision. However, care should be taken to high luminance levels in work environment.
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An ergonomic information, visual correction and prismatic lenses reduce
head flexion and perceived exertion during dental work?

Gustafsson, M., Hansson G-A. and Lindegard, A.
Institute of Stress Medicine, Gothenburg, Sweden
Halsan och Arbetslivet, Gothenburg Sweden
Division of Occupational and Environmental Medicine, University Hospital,
Lund, Sweden.
e-mails: magdalena.irene.gustafsson@vgregion.se; gert-ake.hansson@med.lu.se;
agneta.lindegard@vgregion.se

The study aim was to explore effects of using prismatic glasses on head postures during dental
work. An information session concerning dental ergonomics was given to all participants.
Baseline assessments of head flexion and upper arm elevation were made from work in the
oral cavity. Perceived exertion after work was rated. Participants were randomised into an
intervention and a control group. Subjects in the intervention group received glasses with
prismatic lenses. At follow up there was a significant reduction concerning head flexion in the
intervention group compared to the control group. No significant difference between the
groups was seen in perceived exertion.
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Karen Jacobs

Karen is a clinical professor of occupational therapy and the program

director of the distance education post-professional occupational therapy

programs at Boston University. Karen’s research examines the interface between the
environment and human capabilities. In particular, she examines the individual
factors and environmental demands associated with increased risk of functional
limitations among populations of university and middle school aged students

Karen will be talking about School Ergonomics

David Caple

David is the immediate former president of the IEA and works a professional
ergonomist

Davids presentation is called “Ergonomics — a pro-active challenge” and he will be
talking about the potential dilemma that comes with the increased number of
research and application areas of ergonomics, in terms of demonstrating the diversity
of the domain or potentially diluting the community understanding of exactly “what is

ergonomics”?

Gunnar Horgen

Gunnar is a professor at Buskerud University College at Department of Optometry
and Visual Sciences. He holds a MSc in clinical optometry and in his PhD work he
investigated the impact of different optometric corrections on musculoskeletal load
and pain among VDU workers. Present research interest is also in lighting and health
among the elderly population. Gunnar will talk about different aspects of Visual

Ergonomics and the expansion of the field including also private homes.





Jayantha Prasanna Liyanage

Prof. Jayantha P. Liyanage is the Chair of Centre Industrial Asset
Management (CIAM), of University of Stavanger, Norway. He has earned BSc
in Production engineering, MSc in Ergonomics, and PhD in Offshore
technology. He also serves in the Board of Directors of Society of

Petroleum Engineers (Stavanger chapter) as the Chair of scholarships, as

the Co-coordinator of the European Network for Strategic Engineering

Asset Management (EURENSEAM), and is a Founding Fellow of the ISEAM
(International Society of Engineering Asset Management). He is actively
involved in joint industry projects both at advisory and managerial

capacities, and also currently serves as the principal and external advisor for a
number of PhD projects.

JP’s key note has the title: “Human factors towards the 21st Century: A critical
foresight into the future”

Pete Kercher
Pete is Ambassador of EIDD - Design for All Europe, for which he served as

President from 2003 to 2007. With experience managing international
Research projects in the field, he will speak about Design for All and Universal
Design. Pete will focus on implications of holistic socio-economic inclusion in

the workplace and workspace.





Dordi Hgivik

Dordi Hgivik is Vice president Health and working environment in Statoil ASA, a
Norwegian energy company. She is educated as a Physiotherapist with a MSC in
Physical therapy and titled as specialist in preventive physiotherapy and ergonomics.
She has a Phd from Department of Public Health and Primary Health Care, Research
Group for Occupational and Environmental Medicine, University of Bergen, Norway.
She will talk about her research regarding health, safety and environment culture in
the petroleum industry and how this may be used in strategic ways for proactive

ergonomists.
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Ergonomics — A pro-active challenge
Caple, David C

Immediate Past President of the International Ergonomics Association (IEA)
PO Box 2135, Ivanhoe East,
Victoria 3079

Australia

During the period 2006-2009 the International Ergonomics Association has seen significant growth.
The effective number of Technical Committees has grown from 18 to 27 and the number of countries
who are members of the IEA has grown from 42 -49 countries. The majority of the new member
countries are from the developing regions of the world. This growth is also reflected in the increased
participation in the congresses and IEA Council meetings from the international community.

Whilst acknowledging this interest and growth in the domain of ergonomics, it raises a number of
challenges to be addressed. With the increased number of research and application areas of
ergonomics, comes the potential dilemma of demonstrating the diversity of the domain or potentially
diluting the community understanding of exactly “what is ergonomics”? The fundamentals of what
constitutes ergonomics within the mind of researchers and also the community provides a proactive
challenge for the profession to address. Fundamental to the answer of this question relates to the scope
of issues researched by ergonomics: the methodologies that are adopted; and the methods of
disseminating the outcomes to provide a clear answer to this question on a consistent basis.

Ergonomics is not an adjective to describe a product. It is a process of analysis based on
multidisciplinary research methods that embraces human wellbeing and systems performance. Our
proactive challenge is to maintain a focus on the uniqueness of ergonomics and how best to disseminate
the findings that benefit the community.

Introduction

Ergonomics has developed since the 1950s as a multi-disciplinary study involving the key research
areas of physical demands; cognitive demands and the work organisational impacts on human
wellbeing and system performance. This is based on the definition of Ergonomics provided by the

International Ergonomics Association (2010)

At an international level, the participation of ergonomists within the IEA has developed into two
primary areas. This include:-

e Application of ergonomics findings to an increasing range of industry and community areas.
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Refining and developing new methodologies to maintain a scientific focus that underpins the
domain of ergonomics.

The growth of ergonomics provides the opportunity to see the wide range of application at the global
level. The continuing introduction of new IEA Technical Committees is an example of how the growth
of ergonomics has occurred over the last 20 years in particular.

Activity Theories for Work Analysis and e Human Factors and Sustainable

Design Development

Aerospace HFE e Human Simulation and Virtual
Affective Product Design Environments

Aging e Mining

Agriculture e Musculoskeletal Disorders
Anthropometry e Online Communities

Auditory Ergonomics e Organizational Design and Management
Building and Construction e Process Control

Ergonomics for Children and Educational e Psychophysiology in Ergonomics
Environments o Safety & Health

Ergonomics in Design e Slips, Trips and Falls

Ergonomics in Manufacturing e Transport

Gender and Work ¢ Visual Ergonomics

Healthcare Ergonomics o Work With Computing Systems - WWCS

Table 1: Technical Committees of the International Ergonomics Association (2010).

In considering the large activity areas from the IEA Technical Committees there are many which
produce much research and provide significant areas of benefit to the community at the global level.
These include:-

Healthcare Ergonomics — this involves researching the impacts of work within the Healthcare
sector on the doctors, nurses and associated staff involved in the provision of medical treatment
and services to the community. Also, research is undertaken on the impacts of negative patient
outcomes from medical error. These can result from a range of cognitive risks such as
information processes, decision making, as well as communication and fatigue.

The growth in the Healthcare Systems Ergonomics and Patient Safety, (2008) indicates the wide
level of interest in this area particularly in developed countries.

Ergonomics for Children and Educational Environments — this area continues to grow in interest
across both developed and developing countries. Significant research has resulted in greater
opportunities for children to understand the relevance of ergonomics in their educational
environments. For example, in 2010, Dr Kapila Jayaratne from Sri Lanka (2010) was awarded
the Ministry of Education prize for his research on school back pack design.

When considering research in ergonomics, methodologies have also seen significant advancements in
recent years. These include:-

Affective Product Design - this particularly relates to the consideration of the emotional
response of the human towards design. This includes both the expectations in relation to
product design, as well as their immediate emotional response when confronted with product
choices.
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e Anthropometry Methodologies — the launch of the World Engineering Anthropometric
Resource (WEAR, 2009) brought together the collaboration of three dimensional
anthropometric results from 15 countries around the world to develop one new consistent
anthropometric database. This presents new opportunities for the application of anthropometry
methodologies to design.

It is interesting to note that the three dimensional Size China anthropometric mannequins
developed by Roger Ball from Hong Kong won the Industrial Design Excellence Awards
(2008) in the USA together with the Apple iphone.

e Musculoskeletal Disorders — the methodologies used in this area have moved beyond a basic
biomechanical model to look a more holistic model also involving psychosocial risk factors.
This has provided the opportunity to study the complex interactions between the physical and
the psychological risk factors associated with tasks to better understand the causation model
behind the musculoskeletal conditions (Macdonald, 2008).

In considering the growth of ergonomics, as represented by the IEA Technical Committees, it is
noted that the primary focus remains on ergonomics is a process of analysis. The outcome of
this process is a product, service or system to optimise human wellbeing and system
performance.

Ergonomics as a multidisciplinary systems process

The process adopted through ergonomics research is based on the systems model.

Tasks

Tools / Equipment
Workplace Design

Work Environments

Work Organisation

Workplace Culture

Figure 1: Ergonomics system process model

The unique process followed by ergonomics that differentiates it from most other areas of engineering
and science is the importance of systematically following each step of the process.

Table 2 summarises the key methodologies that are used by ergonomists with each step of the systems

model. There are many other methodologies that may be used by the ergonomics researcher, however
it is indicative that the ergonomics process requires all steps to be followed to enable the holistic

NES2010 K-3





Key notes

understanding of the issues to be quantified.

Systems Process Examples of Ergonomics Methodologies

People Anthropometry, cognitive abilities, gender

Tasks Task analysis

Tools and equipment Interface design, tool design

Workplace Biomechanics

Work Environment Thermal, vision, vibration

Work Organisation Fatigue, shift work, rosters, job design

Workplace Culture Management systems, leadership and psychosocial
Table 2: Ergonomics methodologies within the systems process.

In determining the proactive challenges associated with differentiating ergonomics from other domains,
it is proposed that the key differentiator is the use of methodologies. From a holistic perspective, the
use of a systems process model is the fundamental methodology for ergonomics research to incorporate
the main discipline areas of physical, cognitive, and work organisational demands to optimise human
wellbeing and systems performance.

Research that focuses on sub-sets of this area contribute to the study of ergonomics but do not provide
the total multidisciplinary perspective that uniquely is ergonomics.

Translation of Ergonomics research into practice

The basic model used by research focuses on continual understanding of topics or issues relevant to the

domain of ergonomics.
/ Topic

New Thinking Research

Publish
Conference

Figure 2: Basic research model.

It can be seen that this can become a closed loop process where researchers fundamentally publish for
their own benefit and to the benefit of fellow researchers to further understand the particular issues of
mutual interest.

It is proposed that the proactive approach towards ergonomics is to move outside this research model to

focus on the ultimate user groups of the research and to understand how they may receive the research
outcome information.
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In defining the users or user groups of the ergonomics research, it is evident that they come from a
broad cross section of the community. They include the following.
e Community Groups
e Employers
e Workers
e Governments
e Designers / architects
e Ergonomists
e Others
Table 3: Examples of User groups of the ergonomics research.

Each of these groups is able to achieve the benefits of the ergonomics research through improvements

to human wellbeing and systems performance relevant to their respective areas of application.

The methods of communicating with these diverse user groups are outside the traditional
research/journal/conference model.

The primary methods for communicating with user groups of ergonomics research include:-
e Media

e Trade magazines

e Suppliers / customers

e Government/ insurers

e Industry associations / trade unions
Table 4: Methods to disseminate ergonomics research to user groups.

In trying to understand the dissemination methods, the following model is proposed.

Research
Public / Peers

Dissemination - Publish
Methods - Conference
- Media
- Government. etc | .
N v User Group
Figure 3: Research dissemination model.

This model separates the target for research as
e Peers i.e. other researchers who read journals, attend conferences and utilise the research
outcomes to enhance the general knowledge on the specific issue.
e Public - these are the user groups who can benefit from the application of the ergonomics
research in their day to day lives.

These members of the public who are the ultimate user group, obtain their information from the
dissemination methods such as the media, government guidance, etc.
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In trying to understand, not only how dissemination occurs, but also the style of presentation is
important. Some of the key dissemination tools that are important to target the user group include:-
o Keep It Simple (KIS) messages
e Eliminate technical jargon
e Links to current community topics
e Utilise trusted community members— peers of user
groups, - respected persons from their communities
e Focus on practical advice
Table 5: Dissemination methods to the user groups.

The research from small and medium industries (Mayhew, 1997) indicates that the proliferation of new
technologies such as the internet, and personal contacts between trusted individuals, are the primary
source of information exchange. It is evident that members of the community are not reading detailed
research papers or journals to obtain information. They would rather utilise the popular media and
personal interactions to obtain information.

In disseminating ergonomics research into industry, it is evident that the sustainability of interventions
needs to be based on a number of key management principles. These include the need to identify the
key performance outputs measured for the respective industry sector. For example, in Healthcare, the
key output is the clinical outcome of the patients. In Education, the key outputs relate to educational
outcomes of the children. In manufacturing industry, the key outcomes are the meeting of sales and
quality targets. Consequently, the sustainable ergonomics interventions result from linking and
integrating the benefits to the key outputs of the particular industry sector. To focus solely on the
human wellbeing and health outcomes of the staff is not sufficient to achieve sustainable intervention
outcomes.

The major focus towards the engagement of the user groups is to highlight the outputs or benefits
through the adoption of the ergonomics interventions. It is not sufficient to focus on the problem and
to utilise research to confirm that the system has evident risks and short comings. The credibility of
ergonomics is based on the practical and integrated outcomes that are achieved through the
recommendations provided. These recommendations need to be directly and indirectly linked to the key
industry measures.

The overall finding of applying ergonomics at the macro level across government and industry is the
fundamental engagement of the most senior leadership group. Without their understanding, passion
and commitment, the sustainability of the ergonomics outcomes can be short term at best.

Consequently, the approach taken by the ergonomists in engaging with senior levels of business must
involve their language and processes that are consistent with their understanding of how opportunities
for improvement are identified and progressed.

The proactive challenge for ergonomics is to become part of the main stream debate on how human
wellbeing and system performance can be optimised along with the other critical aspects of how
government and business operate. If ergonomics is seen as a non core science, the researchers and
practitioners will be frustrated and challenged to achieve its full potential.

Case studies
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In the Public Health environment, the introduction of “No Lift” training has resulted in a decrease of
musculoskeletal injury risks involved with patient handling (WorkSafe Victoria, 2009). A network of
hospitals participated in an Ergonomics Systems Process where the “No Lift” program has been
operational for over 10 years. It was evident that incidents of musculoskeletal injury continue to occur
amongst the nurses and support staff. In reviewing the prevention strategy, it was evident through site
visits and staff consultation that there were some fundamental risk factors that continue to provide the
foundation for further injuries to occur.
These included:-

e Architectural design e.g. bathrooms

e Cognitive assessment of patients e.g. rehabilitation wards

e Increasing number of bariatric patients

e Fatigue and work load implications of rosters and shift work design

Whilst working with the senior management team, it was evident that a holistic intervention program
was required and to incorporate the findings into the Quality Plan for the hospital, overseen by the
Chief Executive Officer. This resulted in an integrated approach focussing on the best clinical
outcomes for the patients whilst optimising the wellbeing of the staff.

A second case study was in the Banking industry relating to musculoskeletal disorders experienced by
banking Tellers. Significant ergonomics research had been undertaken on the biomechanical impacts
of cash handling and particularly the storage and carrying of coin within the banking environment.
Changes were introduced to the packaging and transportation of coin primarily to reduce the unit
weights from 13.7kg to less than 7kg. Whilst there was positive subjective feedback from surveys
conducted with the banking staff, the incident of injuries did not decrease with any significance.

Follow up studies using an Ergonomics Systems Process indicated a more complex basis to the injuries
that were overlooked in focus on coin handling studies. These included:-

e Architectural design e.g. counters including drawer placement and the design of safes.

e Work procedures and training provided to staff.

e The work practices adopted by staff during busy periods when customers were waiting and
there was a tendency for staff to take “short cuts”.

e The design of simple systems such as access to trolleys together with the storage and retrieval
processes of coin and cash.

The major outcome of this case study was a requirement to refocus on the systems of work that are
expected within the retail banking industry. This included the need to understand the integration of
work functions between the different zones where the staff operate. By taking each discrete task
separately, the overall interaction and holistic nature of the work is lost. This is fundamental problem
with a simple Task Analysis approach.

Consequently, the adoption of the Ergonomics Systems Process is fundamental to achieving the
sustainable outcomes from these case study projects.

Conclusion

To meet the proactive challenge of ergonomics as a growing area of research and practice there is a
need to focus on the key methodologies that integrate the physical, cognitive and work organizational
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factors that impact on systems performance. This systematic methodology is what differentiates
ergonomics from the many sciences that overlap with, and input into, the broad approach taken by
ergonomics. Ergonomics should be seen as a systematic process to research issues that draws upon a
range of research findings and methods from related disciplines.

In achieving the sustainable intervention of ergonomics in the translation from research to practice in
the community, there were five main factors that have been identified. These include:-

1. Identify the key “ users” of the ergonomics research who would benefit in the application of the
findings

2. For the users groups, identify people or organizations that they respect and would turn to for
practical advice.

3. ldentify how these user groups receive information such as via the internet, media, or
discussions with trusted colleagues?

4. For the respective industry sector identify the “output” measures used and link the benefits of
the ergonomics interventions to these outputs.

5. ldentify the leaders within the respective communities and work with them to integrate the
ergonomics outcomes into their key measures of performance.

The proactive challenge for ergonomics in the future is to constantly reinforce the Ergonomics Systems
Process in approaching a multidisciplinary methodology. Whilst enhancing the steps within this model
with new research findings, the holistic approach towards studying problems should remain the unique
feature of ergonomics. Further, a refocusing of strategies towards the needs of the ultimate user group
is the other major challenge to a proactive approach.

The beneficiaries of ergonomics research should not be seen to be only the researchers. It is the
ultimate user groups who need to be better understood into how and why they obtain information. This
provides challenges for the ergonomics community to work more closely with other disciplines to
enable a greater understanding on how to engage with, and work with, the user groups to their ultimate
benefit.
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Human factors towards the 21st Century: A critical foresight into the future

Jayantha P. Liyanage

Center for Industrial Asset Management, University of Stavanger, Norway

Over decades human factors has gradually evolved as a mainstream discipline that cater to the
interests of many to find humane solutions for a large number of settings. Many ground breaking
research have been done in good depth, and various implementation efforts have been reported
achieving stimulating outcomes. However, the discipline of human factors has always been in the
spotlight under many circumstances, particularly when new technical and operational environments
come into function in complex settings. Despite the presence of various learning processes, based on
popularly known historical events and catastrophes, human aspects have still been sighted as leading
contributing factors for various events reported around the globe.

Despite the concern that if humans can cope with rapid developments in our environments, the
world with which humans interacts on daily basis has evolved dramatically over the last few years,
and will continue to do so. These developments can be seen in many fronts affecting humans in
various capacities. The ongoing change processes has significant irreversible impacts on the evolution
of human in many fronts ranging from professional, sociological, to personal lives. The purpose of the
presentation is to have a closer look into the reality of human, to explore the leading developments
affecting human functions and characteristics, and to foresee the future of human factors.
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Work accidents among young construction workers.
Holte, Kari Anne

International Research Institute of Stavanger
kari.anne.holte@iris.no

1. Introduction.

“Young workers (<25 years of age) makes a vulnerable group having an increased risk of being
involved in accidents (Salminen 2004). International Research Institute of Stavanger has for several
years been studying young workers in the construction industry, where main objective has been to
identify factors that may explain young workers increased risk of accident involvement.

Methods. The project uses a multi-method approach involving both qualitative and quantitative data:
Statistical analysis of register-data, qualitative interviews among young workers (N=11), colleagues
and management and two questionnaire surveys. One survey targeted apprentices (N=673) and the
other involves workers at selected construction sites (N=456).

2. Results.

The overall results show that young workers are not only at a higher risk of being involved in
accidents, but also that they are involved in different types of accidents compared to older workers.
Causes for the differences are complex. Young workers seem to have a lower or lacking risk
perception, despite reporting positive results on occupational health and safety education at school.
Other influential factors seem to be related to the organization of work; like type of work tasks,
physical work load, time pressure and ability to control own work conditions. Such crucial work
factors also seem to overwhelm age related differences. The results also show that variables related to
discipline, company size and general organizational awareness and focus on young workers, are
important.

3. Conclusion.

Young workers involvement in accidents is caused by a multitude of factors. Interventions to reduce
the number of accidents have to be targeted towards both the organizational and individual level, as
well the construction industry as such.
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Workshop: Safe start
Musculoskeletal pain of artisans from school into working life
Hanvold TN; Veiersted KB; Weersted M

National Institute of Occupational Health, Department of work-related Musculoskeletal Disorders,
Oslo, Norway

tno@stami.no

Introduction. Young workers (16-24 years) are a vulnerable group when it comes to
occupational safety and health. According to Statistic Norway they report having more
physically demanding work, like repetitive movements and work with arms elevated
compared to the middle age and older workers. Findings of high pain intensity levels in this
group have led to theories that health complaints may emerge as early as in their first work
experiences or even before entering working life. The aim of this study was to relate the
prevalence of neck, shoulder and upper back pain to occupational and individual factors
among a population of technical school students in their transition from school to working
life.

Methods. A cohort consisting of 173 (male=59, female=114) technical school students was
followed during a 3 year period, from their first year of technical school to their first years of
working life. Data on self-reported neck, shoulder and upper back pain and factors such as
occupational mechanical exposure, perceived stress and physical activity during leisure time
were collected.

Results. A high prevalence of pain in the neck, shoulder and upper back among the technical
school students was found. There were however few students reporting severe pain. Pain in
the neck shoulder and upper back is intermittent in nature and the prevalence changes over
time. Of the participants 18% reported no pain, while 28% reported pain at all three
occasions. Reporting pain at baseline gave over three times higher risk of reporting it at
follow up. A high level of physical activity outside working hours gave a lower risk of
reporting neck, shoulder and upper back pain two years later. High levels of self reported
occupational mechanical exposure and stress levels were not found to be a risk factor in the
first years of working life.

Conclusion. Neck, shoulder and upper back pain are common among technical school
students and may persist into working life. There is still much uncertainty about the factors
leading to musculoskeletal pain, but the focus on preventive efforts is nevertheless of
importance also among young workers.
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THE INFLUENCE OF AMBIENT LIGHTING ON PUPILS IN CLASSROOMS

— CONSIDERING VISUAL, BIOLOGICAL AND EMOTIONAL ASPECTS -AS WELL AS USE OF ENERGY

Govén, Tommy

Laike, Thorbjérn 2

Raynham, Peter
Sansal, Eren ¥

ABSTRACT

This poster reports the initial findings of a
yearlong study into the impact of the lit
environment on school children. The study is
based on a group of four classrooms in a
primary school with children aged eight to nine
years. A total of 56 children divided in four
classes took part in the study which was
carried out during the school year 2008/2009.

All  the children attended the same
educational program in the junior school. Two
classrooms served as controls and two
classrooms had enhanced lighting. Initial
results have been analyzed and the paper
presents findings in terms of energy
consumption, biological* and psychological
parameters and measures of academic
performance.

*the biological data are under analysis and will
be added.

1. INTRODUCTION

The school is the workplace for both children
and teachers. Lately there has been a
discussion about the environment in the
school. Signals that children under-perform,
behave in a bad manner and are tired are now
being recognized. One part of the environment
is the physical environment and several
studies show that physical environmental
factors may have an impact on the
abovementioned factors. Lighting conditions is
considered as an important part in the physical
environment.

This report covers the findings of our study
from October 2008 till March 2009. The study
is ongoing and full results will be published in
due course.

2. BACKGROUND

Correlations may exist between the physical
parameters of light and the diverse biological
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and psycho-physiological effects. Both the
intensity, spectral composition, spatial and
temporal distribution of the lighting, may be of
relevance.

A major step was taken when in a study on
rat, showed that neither rods nor cones were
needed to modulate the circadian pacemaker;
instead retinal ganglion cells with the photo
pigment called melanopsin innervating the
SCN were intrinsically photosensitive.

During the last three years several
convincing studies have shown that the human
circadian rhythms are affected by these retinal
ganglion cells also today mentioned as the
‘third receptors’.

Due to the fact that more elaborated
knowledge about the details of the circadian
photoreceptors were established, the research
on how specific wavelengths within the light
spectrum affected the physiological responses
rapidly grew. It has been shown that certain
wavelengths have peak melatonin suppression
on humans.

3. AIMS OF THE STUDY

One aim of the study was to explore in what
way the ambient light may have an impact on
the children’'s emotional status, achievement
and well-being described both subjectively and
physiologically considering both daylight and
artificial light.

A second aim was to investigate the
behavior in use of controls.

A third aim was to investigate in which way
different lighting control systems affect the use
of energy in classrooms.

The presentations of results are divided
into different parts according to elements of
the VBE-model which takes visual, biological
and emotional aspects into consideration.
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4. SUBJECTS

A total of 56 children aged 8-9 years of age
divided in four classes took part in the study.
All the children attended the same educational
program in the junior school.

The achievements between the four
classes were even regarding the grades from
the previous year. They were allocated to their
classrooms at the beginning of the semester
by the school authority?

Distribution of the children in the four classrooms

Gender C1 El Cc2 E2 Total
Boys 7 7 9 30
Girls 7 4 8 7 26
Total 14 11 15 16 56

5. DESIGN OF THE STUDY

The study was carried out in a junior school
located in the south of London. For ethical
reasons the only children taking part in the
study were those whose parents provided
positive consent. About 50 % of the children in
the school year took part in the study.

Four classrooms of the same size were
investigated. Two experimental classrooms
(E1 & E2) were equipped with a new lighting
design based on an increased horizontal and
ambient light in relation to two control
classrooms. The two control classrooms (C1 &
C2) were equipped with an existing lighting
system based on general lighting.

E1l & C1 were situated on ground floor with
daylight penetration from one side, south. E2
& C2 were situated on the 1st floor with
daylight penetration from two sides, north and

2
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4 Pickhurst Junior School. The
experimental classrooms to
the left, the control rooms to
i the right.

Blinds

south.
windows.

installed on south facing

In order to have the same light emission in
all classrooms, the luminaries in the control
classrooms were changed to new luminaires
equipped with high frequency ballasts. In the
four classrooms the luminaries were equipped
with the same type of tri-phosphor fluorescent
tubes with a colour temperature of 4000 K and
a Ra of 80.

6. STATISTICS

The initial treatments of the data were carried
out by one-way analysis of variance with post-
hoc analysis. Also t-tests were applied for
some analyses. The further treatment of data
was carried out mainly by means of analysis of
variance with a repeated measures design.
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This is a factorial design involving the following
four independent factors;

1. General lighting vs. increased general
lighting and increased ambient lighting.

2. Daylight penetration in one direction vs.
daylight penetration | two directions.

3. Increased ambient lighting vs. increased
ambient lighting at a higher amount at
certain times of the day (algorithmisch
scene-setting).

7. DAYLIGHT AVAILABILITY

4. The periods of the school year (four
times).

The independent factors, a) to c), were
tested between subjects as well as their
interaction, while factor d) was tested within
subjects.

In most analyses, data were grouped in six
blocks corresponding to the six measurement
occasions during the school year. SPSS 15.0
statistical package was used for the analyses.

N D =

F, blinds™

1.73 % First

B W D, =5.53% H ‘ } D, = 4.67 %

D =1.71%

F. blinds ™~
Floor

Cc2 E2

Daylight factor, DF —

Daylight factor D.=243% } D.=1.57 %
DF, blinds

. . . D_. .=0.06% roun D, .=0.04%
Daylight factor with blinds F, blinds ’ Elo?aur d F, blinds ’
closed on south facing o 3

windows.

There is significantly more daylight available in
the top floor classroom (C2 & E2) as they have
windows on both sides of the room and they
are less shaded by the trees outside.

8. LIGHTING SYSTEMS

Control room
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Moreover, the north facing windows in the top
floor rooms do not have blinds fitted and so
when the daylight factor in the rooms never
drops very low.

Experimental room
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Surface mounted lighting system with direct

light distribution in the control classrooms.

e

=
o

=
=
=
()

T ™

Lighting system with a combination of

direct/indirect light distribution in the
experimental rooms.
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The experimental classrooms (E1 & E2) had a
general lighting system adjusted to an
illuminance level at working plane of
approximately 500 lux. Luminaires for general
lighting were suspended from the ceiling and
had a direct/indirect light distribution.
Additional wall-washers were installed to
achieve an increased ambient light level on
the walls.

Furthermore E1 & E2 were equipped with
an absence detection and daylight control

4
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system. In one of the experimental rooms (E2)
an algorithmic scene-setting system was
installed in order to achieve an increased
illuminance during the first lesson in the
morning and the first lesson after lunch each
school day for the whole school year. The both
control classrooms had a general lighting
system with an illuminance level at working
plane of approximately 300 lux without any
additional wall-washers. All luminaires were
ceiling mounted. The control classrooms were
both manually controlled.
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9. RESULT

Energy measurements

Weekly use of energy — seasonal savings by daylight.

Ground floor C1 vs. first floor C2

November / December 2008

Ground floor 1 = manual control {(on-off)

Ground floor C2 - manual control {(on-off)
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In order to measure the energy consumption,
presence, use of daylight and the use of
controls a data-logger were installed at the
school. All the parameters were continuously
measured over the whole school year.

Rooms C1 and C2 have manually
controlled lighting and thus it is the preferences
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of the teachers that determine if the lighting is
switched on or off. In room C1 the energy
consumed for the week was 13.7 kWh and in
C2 it was 9.5 kWh.

It is assumed the difference is explained by
the greater daylight availability in C2 allowing
the teacher to turn off the lights more often.

0d:00 08:00 12:m 18:00 20
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Weekly use of energy — seasonal savings by daylight.

Ground floor C1 vs, first floor C2

Movember [ December 2008

Ground floor ©1 = manual contrel {on-off)

Ground floor E1 = daylight and absence control
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In room E1 the benefits of the automatic
control system are seen with an energy use of
only 10.7 kwWh for the week. Whilst E1 has the
same amount of daylight as room C1 the
automatic dimming system ensures that this is
fully exploited to reduce the power of the
lighting, also the absence detection system
ensures that the lighting is not on when the
room is empty.

Given that the lighting system in room E1
can deliver almost twice the light of the one in
C1 this is a remarkable result.

The use of energy lighting is in average
approximately 20% higher during the dark
period versus the brighter period of the year.

Weekly use of energy (kWh)

Use of energy C1 El Cc2 E2
Typical week commencing November/December 16.4 12.9 114 | 24.6
Typical week commencing March/April 13.7 10.7 9.5 20.5

Academic performance

All of the academic performance test scores
like reading, writing and math, showed a
steady progress between the tests. However,
there appears to have been a slightly higher
rate of improvement in the experimental
classes. Typical of these results are the
reading tests of which are shown in below.
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The progress in academic performance in
reading -, writing — and math grades between
the control room C1 and experimental room
E1 are shown in graphs below.
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Graphs on academic performance
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The analysis of the monthly trend of the cortisol levels at 09:50
revealed a significant interaction between different months and
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The analysis of the monthly trend of the overall
mood at 09:50 revealed a significant difference
between the classes on the ground floor and
those on the 1st floor.

The analysis of the monthly trend of the cortisol
levels at 09:50 revealed a significant interaction
between different months and the two floors.

Comparison in Mood between different months
Analysis of the monthly trend of the overall mood at 09:50
between the classes on the Ground floor (C1/ E1)
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Comparison in Cortisol on Ground floor — C1 vs. E1
The analysis of the monthly trend of the overall mood at 09:50
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and the experimental room on the ground floor. (C1) (p=.061).

Nmal

4.5 — C1
4
g 35 E1_® — 1
£ 3 //\/
3

25 €1

Oct Dec Feb March May

On the ground floor the analysis of the monthly
trend of the overall mood at 09:50 revealed a
significant difference between control room (C1)
and the experimental room (E1) on the ground
floor.

On the ground floor the analysis revealed a
tendency that the pupils in the experimental
room (E1) showed higher levels of cortisol over
the whole school year than in the control room.
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Comparison in Mood between different months
Analysis of the monthly trend of the overall mood at 09:50
between the classes on the first floor (C2 / E2)
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Comparison in Cortisol on First floor — C2 vs. E2
The analysis of the monthly trend of the cortisol level at 09:50
revealed a significant interaction between the control room and
the experimental room on the 1st floor. (F(1,29)=6,792, p=.049.
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On the first floor the analysis of the monthly
trend of the overall mood at 09:50 revealed a
minor difference between the control room and
the experimental room.

10. DISCUSSION

It should be stressed that the findings
presented in this paper are interim in nature
and further results of analyses of the data will
be published as they become available.
However there are certain key trends that
have already been spotted in the data.

There seem to be a general trend that
there are differences  between the
experimental rooms and the control rooms.
Improved ambient lighting may have an impact
on both the progress in academic performance
and on the children’s mood. The improved
ambient lighting showed a positive impact on
the children’s mood at 09:50 in the morning.
The cortisol levels are also higher in the rooms
with improved ambient lighting, both on the
ground floor and on the first floor.

Furthermore, in three of the four rooms we
also found an increase of cortisol in February,
which also have been shown in earlier studies.

All together we have now found several
indicators pointing in the same direction,
namely the improved ambient light affect
individuals cognitive, emotional and biological.

The study also shows that the use of
lighting controls has a major impact on use of
energy without harming the quality of light in
classrooms. Further analyses of visual aspects
will be published.
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On the first floor there was a significant
interaction between classrooms revealing that
children in the experimental room (E2) showed
higher levels of cortisol, especially during the
darkest period than in the control room (C2).
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Building for learning. Some facts and several questions.

Stavem, Siv
Norconsult representing the Norwegian directorate for Education and training
(Utdanningsdirektoratet)
Role in the directorate is as a member of the secretariat for the School premises counselling
service.

There is little research on the field of school design, and in my presentation | will point at some
experiences and relate these to questions that might be a challenge and hopefully an inspiration
for future research. In Norway there has during the last few years been a media focus on school
design, with an unfortunate dichotomy which classifies schools as traditional or flexible. I would
like to state the need for a pattern language for school environment.

The over all intention with the school is a building for learning. That means that the
building is supposed to be a place where you learn - not only learn, but achieve a maximum of
learning to give Norway the top position on the ranking lists in European testing and
comparison. Critics have tried to blame the new flexible school design for the bad Norwegian
results on the European PISA-tests. In Norway very few schools have a modern, flexible design.
An estimate is 5-10 % of the total number of schools, and it is hard to see any significance
between the results and the new school design. So far, school design might be described as full
scale experiment because we know so little about its influence on the main purpose which is
building for learning. I would therefore also like to state the need for research on pupils’
achievement related to school design and school environment.
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Ergonomics in schools and school buildings

Husby, Thor! and Fostervold, Knut Inge?
!Interprosjekt AS, Norway
’Department of Psychology, University of Oslo, Norway
thor.husby@interprosjekt.no; k.i.fostervold@psykologi.uio.no

In the Nordic countries, as in most other countries, huge investments are spend each
year on new school buildings and rehabilitation of old schools. In Norway, Pupils
have a regulated right to a good physical and psychosocial environment that
promotes health, well-being and learning. The Norwegian government has in
addition articulated that its policy is to strengthen the development and use of
building designs that provide good functionality for everyone. Facing this challenging
goal, one should expect politicians, educational experts, and school authorities to
appreciate and utilize knowledge within the field of ergonomics in their effort to
design school buildings that comply with the intentions in the legislation. Generally,
this seems hardly to be the case. The impression is instead that empirical knowledge
about how architecture affects learning and the learning environment are not very
well known within the decisive and granting authorities. Instead, plans and decisions
often seem to be based on a combination of economical concerns, pedagogical
ideology, architectural trends, and individual conviction. In cases where ergonomic
knowledge are considered in the building process it is often used in isolated areas
such as the design of stairways adapted for wheel chair users or choice of furniture.

In order to react to this rather disappointing situation an initiative has been
taken by the Norwegian society of Ergonomics and Human Factors, with support
from the Nordic Ergonomics Society, to launch a project where the aim is to introduce
ergonomic knowledge as an integrated part of the planning phase of the building
process.

The aim of the workshop is to focus on the present situation, and to discuss
how ergonomics can contribute to heightened awareness of existing knowledge, the
development of new knowledge within the field and how to implement empirical
knowledge in the planning of school buildings. The workshop continues the
discussion about this topic from the mini conference Ergonomidagen 2008 and will
bring the discussion further.
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Identifying the “limit users” in the Design for All Approach: the
“Ability/Difficulty Table”

Di Bucchianico Giuseppe
IDEA Department, “G. d’Annunzio” University of Chieti-Pescara, Italy
pepetto@unich.it

One of the major problems for anyone involved in Design for All is identifying the *“limit
users”’respect to a independent use of products. The paper proposes the first results of a
research that has developed a tool which eases this task. Starting from a specific activity,
the "Ability/Difficulty Table", enables the identification of groups of individuals who,
because of their characteristics, may have the greatest difficulties in carrying it out.

1. Introduction
“Design for All (DfA) is design for human diversity, social inclusion and equality”. This
definition, taken from the EIDD “Stockholm Declaration” (European Institute for Design and
Disability) represents the fundamental principle underlying the design of environments,
facilities, everyday objects and services, usable autonomously by individuals with diversified
needs and abilities. In the design for All Approach, human diversity is an enhanceable
“resource” rather than a constraint to be considered during the project phase. In this perspective,
also the concept of “users” is extended from the “final” players to all the individuals in the
entire product supply chain. So, by definition, DfA “ includes” the “whole” inside its target:
namely, it pursues the satisfaction of the needs, desires and aspirations of “all”” individuals who,
for various reasons, want and have a reasonable chance of better “experiencing” the product, or
of benefiting from its autonomous use. However this “field enlargement” may become a
problem for designers, because they are in any case obliged to know the user features and needs,
even if strictly referred to specific projects.

This paper presents the first results of a research, conducted in the Architecture Faculty of
the “G. D’Annunzio” University of Chieti-Pescara’, whose objective was to define, through a
DfA approach, a design tool useful to simplify the description of the needs reference frame of
the “potential” product users, such that it be sufficiently detailed and objective, and easily reset
as the project changes.

2. Objectives: identifying the “limit” users

In the Design for All approach, the most important and delicate phase of the entire design
process is the definition, sufficiently clear and complete, of the so-called “users-system”. In
other words, the objective is to understand who comprises the "All", that is who are the users
that, at the different phases of design development (Accolla, 2009) "desire" (“metaproject"”
phase) and have a "reasonable probability” ("Project"” phase) of enjoying the product. For the
designer, this implies both to know the psycho-physical characteristics of users interested in the
product "independent use"?, and to understand the reference scenario, which is the context in
which the product will be used. Assuming that the environment, rather than the physical
condition of individuals, is responsible for creating the disability, this implyes that for every
activity it is possible to define a so-called "limit" target, namely the subset of individuals who,

! More information on the research are listed under “Credits”

2 Compared to the concept of "self-enjoyment” of the context, please note that the handicap and disability
have been defined by the WHO as "a complex interaction between the health of the individual and the influence of
the environment surrounding” (ICF, 2001).
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in certain contextual conditions and situations of use, represent indeed “the borderline” of the
independent use of products and environments. The idea is that, by resolving the project in
relation to their characteristics, abilities and needs, it is possible to "include", with good
approximation, all the others.

The problem is that, compared to the many possible areas of application of Design for All
and to the various activities that characterize them, the "limit" group of individuals (with regard
to independent use) is continuously variable and requires redefinition from time to time.

The designer, therefore, needs appropriate conceptual and methodological tools with which to
identify and define, every time, the “limit” target, to be then able to describe, with the best
possible objectivity and completeness, their needs and, based on these, the project requirements.

The research aims to develop a tool that is able to identify the “limit” users in an
objective and complete way, for each specific activity or task. The idea is to be able to describe
each time the specific needs and to then transform them, eventually, into design requirements.

3. Method: construction of the “A/D table”

Research activities have focused on the development of the tool now being proposed, defined as
"Ability/Difficulty Table" ("A/D Table"), useful for linking the specific tasks to be performed
with a given product or in a given environment and the difficulties expressed from time to time
by the various possible users. In particular, the "A/D Table" is a rather complex scheme, termed
"triple-entry”, as it links three groups of variables, which relate to one another two by two. This
tool was synthetically constructed through three different steps of development:

[ First step: construction of a matrix relating disabilities reported in scientific literature
and their objective and generalized "difficulties”, with respect to physical/operational
and cognitive/cultural aspects;

[J Second step: description, through HTA (Hierarchical Task Analysis) methodologies,
of a complete and detailed list of tasks related to the specific activity that will be
tested and of the physical/operational and cognitive/cultural “abilities” requested of
users to do them;

L] Third step: definition of the overall pattern of the "A/D Table" by interrelating the
results from the previous two steps.

3.1 First step

The research began with the establishment of a list, of significant size, of potential
physical/operational and cognitive/cultural "difficulties”, objective and generalized, expressed
by individuals characterized as having the major disabilities reported in scientific literature.
The list was also completed, adding to the initial "disabling" conditions, strictly related to
human health, some other aspects tied to socio-cultural factors which, if not directly disabling
on a health level, may be so with respect to human organizations. The list thus obtained was
subsequently briefly reorganized into seven "Macro-classes" of disabling characteristics, that
are attributable to: physical disablement, body build, life stages, sensory perceptions, large
organ system dysfunctions, social/cultural charactersitics, intellectual difficulties.

The classes, broken down in this way, despite being, in some cases, extremely reductive
and generalizing, have nevertheless provided a sufficiently vast description of the possible
target-user disabilities. In parallel a list of significant size has been defined, detailing the
difficulties expressed in different disabling conditions, characterized by:

L] physical/operational difficulties, when the disability leads to difficulties, more or less
obvious, of a purely motor type;

[J cognitive/cultural difficulties, when referring to possible perceptual disabilities or to
disabilities of semiotic/ cultural nature.

% In particular, reference was made mostly to a classification (2008) adopted by the Italian Ministry of Health.
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Figure 1: "Matrix of Disabilities/Difficulties"

The range of disabilities and of their relative difficulties has allowed the development of a
first matrix of values, defined precisely as "Matrix of Disabilities/Difficulties” (figure 1).

Here, it has been possible to associate, with each "disability" a set of objective "deficits"
or "difficulties", represented in the matrix, as coloured boxes.

3.2 Second step
A second matrix, defined as "Matrix of Activities and Skills" (Figure 2) was subsequently
developed.

Abilities | || |

Figure 2: "Matrix of Activities and Skills"

The first group of elements of the matrix, that is extremely variable, refers from time to
time to the activity, or rather the task under analysis, broken up in its elementary actions using
the HTA - Hierarchical Task Analysis- method (Annett and Duncan, 1967). The second group
of elements takes up the same list of "difficulties” used above, but this time they are considered
as "capacities" necessary to carry out such activities.

3.3 Third step

The overall scheme that forms the "A/D Table" (Figure 3) is constructed by aggregating the two
matrices obtained in the-previous two steps. The element of "connection” is given indeed by the
two groups of elements, essentially the same but conceptually different, as defined by the list of
"difficulties™ and list of "abilities" or “skills”, in the first and in the second matrix, respectively.

Figure 3: the complete “A/D Table”
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The scheme is completed by inserting a row and two columns showing three different
measures of quantitative assessment, referring respectively to:

[J "Frequency of HTA Abilities", that is the frequency with which individual skills are

required during the conduct of the entire activity in question;

L] "Number of skills/task", that is the arithmetic sum of all the physical/operational

and/or cognitive/cultural skills that are necessary to perform each single action;

] "Index of the criticality of difficulties", that is a statement of “the weight” of the

disabilities with reference to the activity analyzed.

4. Results: using the “A/D Table”
Since this is a triple-entry scheme, the "A/D Table" can be used through various possible

"paths”.
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Figure 4: Description of the steps that define the "top-down path”of the “A/D Table”.

Among these, the following describes the "top-down path” (Figure 4):

1:

starting from the main activity under analysis, it is necessary to break it down into the
various tasks and actions, according to the most typical HTA notations, and to then fit
the detailed list obtained in the top left column of the scheme.

: in the top matrix the tasks and the individual actions should be crossed with the list of

skills required to carry them out, highlighting among them, those involved.

: a first result offered by the scheme is shown in the upper right column values in the

upper right, which indicates the arithmetic sum of the physical/operational and/or
cognitive/cultural abilities necessary to perform each action. This allows the detection
of tasks that quantitatively require more skills to be carried out, providing, thus, a first
criterion for reading the most critical points of the project.

: A second result is given in the row "Frequency of HTA Abilities", which expresses

another quantitative index of evaluation, as it shows the frequencies with which
individual abilities are required during the conduct of the entire activity in question.

: Writing down the frequency number expressed by the “capacity”, in each of the

corresponding "colored" boxes in the matrix below (in regard to the respective
difficulties), one actually attaches a numerical value to every difficulty.

: Adding the values related to the difficulties shown in each line of disability, it is also

possible to define a hierarchy between different types of disability with regard to the
analyzed activity, which is useful for determining the “limit” users.
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5. Conclusions

The "Table of Abilities/Difficulties" is a flexible instrument of knowledge: it is a useful
operational scheme for the description of the needs framework of the “limit” user in regards to
the Design for All approach. Sufficiently detailed and objective, conceptually it is based on the
idea of being able to analyze "quantitatively" the ability of critical users with respect to a
specific activity.

The potentialities offered by the "A/D Table" must be sought first within its relative ease
of use, and then within the accuracy of the results which can be obtained: in fact, it shows
within an overall activity, the specific tasks or actions that generate physical/operational and
cognitive/cultural difficulties for some groups of people.

The "A/D Table,"” then, facilitates the construction of an “inclusive” needs framework:
this is indispensable to identify the requirements of the system/product according to the Design
for All approach.

6. Credits

The research described here was conducted under the coordination of Prof. Giuseppe Di
Bucchianico within the "Interior design of sustainable living" Degree Laboratory, academic
year 2008/2009, in the College of Architecture, University "G. d’Annunzio "of Chieti-Pescara.

In particular, the research was conducted with candidates Marco Gregori and Emilio
Rossi, who have applied the operating results to their respective Dissertations: "The domestic
kitchen for All: enabling solution to facilitate the movement of equipments and food" (advisor
Prof. G. Di Bucchianico, Ph.D.; graduant student Marco Gregori), and 10 meters Daysailer for
All: sustainable technological solutions for easy navigation™ (advisor Prof. G. Di Bucchianico,
Ph.D.; graduant student Emilio Rossi). The figures inserted in this paper are taken from the
above mentioned dissertation theses.
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Using the “Ability/Difficulty Table” in the Design for All
Approach: two practical examples

Di Bucchianico Giuseppe', Gregori Marco', Rossi Emilio’
'IDEA Department, “G. d’Annunzio” University of Chieti-Pescara, Italy
emilio.rossi@hotmail.it

The Design for All Approach gives particular relevance to the definition of the target
user’s specific needs. The “Ability/Difficulty Table” is an useful tool for the definition of
specific needs of critical users in the development of determined activities. The paper
shows the application results of the “A/D Table” in two different contexts of use in the
industrial design: Kitchen design and Yacht design, in order to find specific design
requirements related to diversity and user inclusion.

1. Introduction

In Design for All Approach, the specification of the so-called “target users” holds a very
particular primary relevance. In fact, to have a full and clear view of design requirements, is
fundamental to recognize the specific features and needs of the various potential users. The
complexity will increase straight with the number of difficulties, also according to various types
of project applications.

For this purpose, during the developement of a Master’s degree thesis course in Industrial
design on the DfA' theme, a new tool, called “Ability/Difficulty Table”, was created. This tool
makes facilities the achievement of the task, supporting the creation of a completely inclusive
design requirements outline. The “A/D Table” purpose takes account of all the difficulties and
abilities of the potential “limit” users or “critical” users, concerning the independent use of the
specific product. It can make the research of specifical projectual needs easier.

The paper shows the “A/D Table” application’s results in two different Master’s degree
theses, which referr to two different testing grounds: the first on Kitchen designs®, and the
second on Yacht designs’. There is a parallel view of the data, so as to prove that the “A/D
Table” has flexible use and is very useful to facilitate the designer in the investigation of an
inclusive requirements group between various products, that it is as complete as possible.

2. Objectives

The application contexts shown in this paper are extremely different, for type and dimension of
action: a domestic kitchen and a 10 meter long sailboat. Nonetheless, it is demonstrated that
each of them can be studied through the same inquiring methodology and using the same
operative tool, the “A/D Table”. The preprojectual aims of both contexts are:

Identify, for each sector of application, “limit” users for an independent use of the
specific product, taking into account the activities which are classified as most
“critical”, in the Design for All Approach.

Definition of a list of specific and inclusive design requirements through the analysis
of the experience and relative needs of “All” kind of users, with an objective

' More detailed indication about the Master’s degree course in Industrial Design are showed in the “Credits”
paragraph.

2 Master’s degree thesis title: “The domestic kitchen for All. Enabling solution to facilitate the movement of
equipments and food”. More detailed information are showed in the “Credits” paragraph.

3 Master’s degree thesis title: “10 meters daysailer for All. Sustainable technological solutions for easy
navigation”. More detailed information are showed in the “Credits” paragraph.
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interpretation of the needs expressed by “limit users” referring to the different
typologies of inquired activity.

3. Method

The “A/D Table” is a schedule that allows you to correlate main and generical difficulties,
founded by individuals, with the fundamental capabilities required for an independent
developement of the activities to be inquired into. The aim is to point out the major difficulties
compared to specific tasks, and to find which users show them.

Therefore, in both cases, the work proceeds to:

Identify, in each design’s context, the activities that are considered mainly as
“critical”, that are the most recurrent, or those that need a larger employment of
psycho-physical energies. All this, through the analysis of state of arts and literature
references;

Divide the activities in tasks and into the most basic actions that determine them.
According to the HTA (Hierarchical Task Analysis) typical instruction;

Utilize the “A/D Table” to identify and order the potential limit users, according to an
independent system fruition;

Define the complete project needs, starting from the specific difficulties expressed by
“limit” users during activity checks.

3.1 Research of critical activities

In each design context it is possible to point out some “critical” activities, i.e. those that more
than others need an additional effort, due to the fact of being particularly recurrent or, rather, are
those activities involved simultaneously in the development of other tasks.

In the domestic kitchen field it is proved that the “critical” activities are those concerning
the handling of furnishings and dishes. Therefore, from this point of view, there is the analysis
of nine different activities, classified into: preparation of dishes, cooking foods (for what
concern boiling, frying, cook with pan, griddle and oven), setting and cleaning the table, and
washing dishes. All these activities are set apart through the HTA methodology.

In the sailing industry, it is established that the hardest activity is the mobility of people
on board, as related to specialistic literature. In that case, six different activities were found,
concerning the user’s mobility on board: getting on board (from the quay, from another ship, or
from the sea), moving on board (on the deck area or, rather, in lateral passeges) and steering the
sailboat.

3.2 Individuation of potential critical users
Fundamental is the consideration of the various actions that compose the above mentioned
tasks. Next, all the analyses are developed into the “A/D Table”, and thus, directly correlated
with the expected abilities for a determined duty and the difficulties expressed by one or more
invalid human conditions. These conditions, as shown in the “A/D Table”, can be of a
physical/sensorial nature or, rather, of cognitive/cultural nature. In fact, the Table allows to have
a full view of all the critical aspects of disabilities, with respect to the single analyzed activity.

In the domestic kitchen context, the analysis of the handling of furnishing and dishes
evidences that the major critical users, that are connected with a larger crippling feature, are
those of physical/sensorial nature. Higher index in conditions of a physical impairment, and
lower index in cases of sensorial impairments. The specific disabilities that have shown high
grade in the value scale of the critical disabilities index are: tetraplegia, people with arm
disablement, people with difficulties in handling things and hemiplegia.

In the sailboat context, the study has demonstrated that the major critical users are those
connected with a physical/sensorial impairment, with a minor percentage of body build
problems. The specific disabilities that have shown high grade in the value scale of the critical
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disability index are: tetraplegia, hemiplegia, paraplegia without trunk control, and people using
crutches or walking sticks.
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Figure 1: The “A/D Table” application in specific activity “cooking foods: boiling”.

3.3 Choice of the “limit” target users and indication of product’s specific requirements
As yet, it is demonstrated that the “A/D Table” is very useful to define the most critical users in
the independent developement of each analized activity. At this point, the designer is able to

plan a proper design strategy in order to create an inclusive project. This means that the designer

has to chose among the most critical potential users to establish on which specific group he has
to focus the project development. Thus, it is up to the designer to determine the “limit” target
users of the project, according not only to a specific impairment, but relating to a multiple-
disability condition for the independent fruition of the product. This idea, starts from the
resolution of those problem related to the most critical users, trying to include also all the
potential users in the independent and pleasant product fruition. Furthermore, the “A/D Table”
promotes the definition of a clean, detailed and inclusive outline of the product requirements.
Here it is shown, as in both cases, that the employment of the “A/D Table” has produced
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a distinct distibution of the “critical” users. Consequently, the individuation of the “limit” target
users is fundamental to have a clear needs outline. With this outline, the designer is surely able
to define clearly all the product requirements.

In the domestic kitchen context, the design requirements referring to handling furnishing
and foods, are divided into two different lists: the first referrs to a specific view of handling
furnishing and foods; the second to the user’s mobility between the various operative areas and
locations that compose a domestic kitchen.

In the sailboat context, the specific design requirements are ordered by the various
psychophysical disabilities considered as critical. Each kind of user has one needs list and one
requirements list.
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Figure 2: Choice of the potential “limit” users after the analysis of activities in the sailboat
context.
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Figure 3: The “limit” target (in yellow) and the specific needs and specific design requirements
in the sailboat context (in right table).
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4. Results and Conclusions

In both of the study cases, the use of the “A/D Table” promotes the definition of extremely
specific design requirements referring to the “limit” users, for the analysis of the most critical
activities, to reach the independent fruition of the product. All this, in connection with the so-
called Design for All Approach, based on the exaltation of concepts like diversity, inclusion and
equality.

In particular, the project path here presented allows for the development of interesting
product concepts, concerning two specific analized sectors: the first on a domestic kitchen
concept that can make the handling of furnishing and foods easier between the areas that
compose it; the second concept on a 10 meters daysailer designed for the facilitation of mobility
on board and for sailing navigation.

Figure 4: The projects of the domestic kitchen “for All” (left) and the daysailer “for All” (right)
applying their respective “inclusive” design requirements.

5. Credits
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Exploring relations between Ergonomics and
Systems Oriented Design.
Professor PhD Birger Sevaldson (birger.sevaldson@aho.no)
Associate professor Tom Vavik (tom.vavik@aho.no)
Institute of Design, Oslo School of Architecture and Design.

This article describes processes connected to Ergonomics in design and Systems Oriented Design
and how these two lines of thought in design might be related. Doing this we aim at suggesting a
more holistic approach and a better understanding of the notion of Ergonomics in Systems
Oriented Design. The paper raises questions about models for interdisciplinary collaboration
and the emergence of complex learning networks to address very complex design tasks.
Keywords: Ergonomics, systems thinking, Systems Oriented Design, interdisciplinary
collaboration.

1. Introduction

The paper reports on some early cases from bringing the well-established field of Ergonomics in design,
together with the new skill-building and technique-focused concept of Systems Oriented Design. These
examples have emerged from cases in User Centered Design and Systems Oriented Design were a holistic
view unavoidably leads from global systems perspectives to micro perspectives like the interaction
between man and her nearest surroundings. Because of this, quite a few of the cases in Systems Oriented
Design have crossed into Ergonomics and other special fields found in design. On the other hand there is
an ongoing expanding trend in Ergonomics were this field is redefined and its boundary is widened.
Hence the systems aspect of Ergonomics has lately increased. As an example we can mention the
inclusion of Universal Design (UD), social values and sustainability in Ergonomics.

The shown cases raise questions about the role of the expert, the boundaries of fields, the confluence and
collaboration between disciplines and how to implement necessary holistic perspectives to
interdisciplinary processes.

2. Ergonomics in design
Ergonomics or Human Factors are both
“the scientific discipline concerned with the
understanding of interactions among humans and Are iterative Involves stakeholders
other elements of a system and the profession that and end users

that applies theory, principles, data and methods
to design in order to optimize human well-being
and overall system performance.”(IEA 2000).
The classic intention for bringing knowledge and designs against

Summary -
inclusive design processes:

e Specify the and guildlines
{who, what, where) and standards

methods from the discipline of Ergonomics into the wants and requirementsand test with
S . nesds of the Wser HsSErs

the process of designing products and systems is to

make the solutions compatible with the needs,

abilities and limitations of people. Ergonomics in Figure I: An iterative inclusive design processes

design is user centered and traditionally the involve stakeholders and end users.

objective is to make the use of the products or

systems safe, efficient and comfortable.

One example of the expansion of Ergonomics is into the rising global trend Universal Design. UD is a
framework for design leading to buildings, products and information and communication technology
(ICT) solutions that are accessible, usable and attractive to most people despite the diversity in capability
and abilities. Essential to this type of design thinking is to carry out an inclusive design process (Vavik,
2009). This means involving the end user and stakeholders into the project from the very beginning.
Specify the context of use: who, what and where; discovering and understanding of the user’s needs and
wants; translation of these needs to requirements and testing and evaluating concepts and early models or
mock ups with the real users, see figure 1.
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Another field of science where Ergonomics is expanding into is the field of sustainable development.
With common goals like accessibility, accept and participation Ergonomics is connected to the social
aspect of sustainable development via the concept of universal design, Vavik, T. and Keitch M. (2010), se
figure 2.

The two shown models of processes and concepts demonstrate that Ergonomics is a discipline that
contains a large degree of systems thinking and that this aspect of Ergonomic is increasing.

Sustainable development-
design approaches

Design for
accessibility, Design for all,

ya B : Participatory design,
/ Social \ Inclusive design,
Design for diversity

\.

Design for Environment, Strategic design,
Green design, EcoDesign Design management

Figure 2: This model is based on the classic “Triple Bottom
Line” model adding the different fields of design as our
contribution.

3. Systems Oriented Design

Systems Oriented Design (Sevaldson, 2009a) originates from, and develops further, design methods that
are geared towards dealing with complexity. It is inspired by modern systems thinking and theories such
as Soft Systems Method (Checkland, 2000; Checkland & Poulter, 2006) and Systems Architecting (Maier
& Rechtin, 2000; Rechtin, 1999). But it contains also a series of concepts methods and techniques that are
genuine to design like a special attention to visual thinking and information visualisation both as process
and for communication. The research and development of System Oriented Design has developed from
the use of generative diagrams in design via time-based studies and other attempts to work with very
complex issues in design (Sevaldson, 2005, 2008a, 2008b, 2009b). To bind these different aspects
together Systems Oriented Design refers to Critical Systems Approach (Midgley, 2000; Ulrich, 2000).
The main goal of Systems Oriented Design is to teach systems thinking as a skill to designers, and to
develop and define design proprietary views, techniques and concepts. The aim is to provide the designers
the skills to handle a larger degree of complexity, to think more steps ahead for the design projects to
become more responsible, robust and sustainable. Systems Oriented Design addresses the problems we
face caused by rapid change in technologies, repercussions of globalisation and the needs for more
sustainable design.

4. Cases

The following three cases, one from a teaching course in Ergonomics and two from Systems Oriented
Design demonstrate the relation between Ergonomics and systems thinking. They all have in common a
central Ergonomic component while they all expand on the issue and Ergonomics is embedded in a larger
context. Two of the projects are with company collaboration, the Deichmannske Library of Oslo and the
Ullstein Ship Yard.

NES2010 A3-12





A3- Universal design

Case 1: Future TV for All

sLang tid pa @ koble t  uicarer ikke feste «Finner ikke paknapp,
ekstern stromforsyning.  patteripakke enda den er starstog pi
“Skjenner ikke/ser ikke hﬂm: stk
standardiserte tegn.. *Umulig le krapper
provet fistste a;sgegu uten briller, vanskelig selv
mulighet. da

Partabe TV -SollidWorks

Figure 3: Example of an inclusive design process. lllustrations showing selections of studies and analyses and their visualisation.

This case shows a complex application of Ergonomics were an approach to inclusive design leads to
looking at the problem from a systems perspective where both user scenarios, systems built up, user
environment, social situations and design solutions are addressed. It is an example on the expansion of
Ergonomics into a more systems oriented perspective.

Project credits: Student Anders Kittelsen. Teacher associate professor Tom Vavik

Case 2: Deichmannske media stations, inclusive ergonomics

This case shows the design and production of media stations for the Deichmannske Main Library in Oslo.
This case contains an ergonomic study based on body motion, variations in body form, perception criteria
like audio and visual conditions and the differentiation of semi-divisions of social space.

T i i T T

@ Head

@ Shoulder

@ Elbow
® Hand

Shoulder

Elbow

Hand

2 % | — same position

Fig 4: Holistic analyses of context. The whole library was investigated with different techniques spanning from diagramming
to video analyses.

This ergonomic study was embedded in a larger holistic analysis of the whole library as information hub,
temporary workspace and social arena (Menges, 2008). Included in the holistic and integrated design
approach was the development of a new material system based on 3D-textiles and the use of spatial light
to inform the surroundings about the activities in the stations. The project was carried out in an
interdisciplinary setting with expert help on library issues, interface and material technologies. The touch-
screen interface was developed by a professional company.

Project Credits: Prof. Borger Sevaldson AHO, prof Achim Menges HFG Offenbach, Prof Michael Hensel AHO.

The production is hosted and supervised by the professional boat building company YNOR in Kragere Norway, by director Ronny Andresen.
Involved students are: Julia Aster, Marc Bischoff, Elena Burggraf, Nicola Burggraf, Olivier Bustraen, Daniel Kussmaul, Lukas Methner, Jose
Pinto, Steffen Reichert, Nico Reinhardt , Burkhardt Schemp, Rudi Wulf.

Electronics by Knut Karlsen and Gunnar Scharles Bothner Bye.

Commissioned by Reinert Mithassel Deichmannske Bibliotek.

Fig 5: Finalised Media Stations.
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Case 3: Ulstein Bridge concept

This master thesis project in collaboration with
the Ulstein shipyard shows a study of the bridge
of the future for a medium size support vessel.
The study derives from in-depth analyses of the
whole bridge as an operational space,
information central and social space.
Observations of the usage of the existing space
were central. The observations revealed
unexpected use of the archetypical steering
position, something that lead to a new concept.
This case shows the blurring between
disciplines, in this case Ergonomics and spatial /\ . /C\
design (Naval Architecture). The case benefited 7\ \

from a holistic approach applying Systems J / b | -
Oriented Design techniques which bound the [ R ¥ ( , ]

. . R = | A -
different perspectives together. - S

Fig 6: From top:

-Registration of unexpected usage of steering position.
-Mapping of usage of the bridge including usage patterns
and spatial zones.

-Sight line analyses of existing and new concept.
-Sketches of innovative concepts for new steering
positions.

19 ﬁ&

Project credits: Students Christopher Andreas Lange and Anders
Kittelsen. Tutor prof. Birger Sevaldson and Ulstein Power and Control.

5. Discussion

The cases indicate that there is a potential beneficial confluence between Ergonomics and larger holistic
perspectives. One such perspective is Systems Oriented Design. The general need for design and other
disciplines to become more sustainable and to address issues of globalisation and problems arising from
human action systems in general seems to force a development towards a more holistic view. This is
evident in the current expansion of Ergonomics to address questions of UD and sustainability. Though
specialisation and expert views need to persist also in the future, it is increasingly necessary to deal with
the interrelations between the expert fields. Traditionally this has been dealt with in interdisciplinary and
transdisciplinary collaboration. These models of collaboration demonstrate a weakness when it comes to
achieving a holistic overview. While the different experts might be able to negotiate a common ground,
there is nothing that prevents such collaboration from missing out on fields that accidentally are not
represented in the collaboration. The problem is addressed by the current expansion of disciplines such as
the expansion of Ergonomics. Such expansions do have a limit. An infinite expansion would result in the
eradication of the discipline. Systems thinking offers an approach to holistic thinking that is not entirely
dependent on the built up of interdisciplinary expert collaboration. It provides the role of the systems
thinker with responsibility for the global overview. Such collaborations with experts and systems thinkers
tend to develop into complex learning networks. To further research and develop such learning networks a
suitable theoretical foundation is found in Soft Systems Method and its relation to learning and Action
Research (Checkland P. & Poulter, 2006)

This paper indicates that the development and professionalization of the methods and approaches in the
meeting between the specialist, in this case the discipline of Ergonomics, and the systems thinker needs
further research and development.
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6. Summary and conclusion

Ergonomics, being a systems oriented discipline, still could benefit from collaboration with systems
thinkers with a more explicit systems approach. Relating Ergonomics with other aspects like
sustainability, economics and social issues could enrich the ergonomic perspective and provide
innovation. As an example visualisation as demonstrated in Systems Oriented Design could be beneficial
as a method to address more holistic perspectives which open up Ergonomics for innovation. This way of
working is not alien to designers who work with Ergonomics as demonstrated in case 1. But an
intensification and development of the techniques could bring the discipline and its implementation in
design forward. Ergonomics tends to appear as a natural component in Systems Oriented Design projects
as demonstrated in cases 2 and 3. A further development of how to relate to the expert disciplines when
working with systems thinking in design could be beneficial. The issues addressed in this paper raise
bigger questions about interdisciplinarity and the relation between disciplines and systems thinkers in the
development of learning networks to solve very complex design tasks. These questions need further
research and development.
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A3-Universal design

Some visual and peceptual factors in universal design.

Watten, Reidulf G.! and Fostervold, Knut Inge?
'Lillehammer University College, Norway
Department of psychology, University of Oslo, Norway
reidulf.g.watten@hil.no; k.i.fostervold@psykologi.uio.no

Introduction.

The demand for equal participation in society by the elderly and the disabled has been
increasingly heard from user organisations and from legislators. At the same time there has
been a growing awareness of the constraints inflicted by poor design upon the accessibility to
public buildings, transportation and services. To improve participation in the society on equal
terms many politicians and professionals have turned to universal design as the solution. The
idea of universal design refers to a broad-spectrum of solutions to the design of man made
environments, which makes them usable by all people to the greatest extent possible. Further,
it is not sufficient only to make the environments accessible; the design should also facilitate
personal development, self-realization, citizenship and the possibility to enjoy psychological
and esthetical aspects of building and environments.

An inherent dilemma.

The core idea in universal design is thus different from other means of improved accessibility
for disabled groups. There are no special adaptations made for specific groups of people. This
goal is however difficult to achieve, as environments ensuring good accessibility for one
group may generate difficulties for other groups. It is easy to understand that auditory
information, which obviously is helpful for the visually impaired, is useless for people
suffering from impaired hearing. More unknown and difficult to apprehend are the problems
encountered when design aimed at increasing accessibility for some groups imply reduced
accessibility and usability for the majority of people.

Approaches to solve the dilemma

One should ensure that some basic visual perceptual-cognitive processes and phenomena
common to all human beings are taken care of. There are a number of such factors which are
relevant, and especially for areas such as information technology (e.g. user interfaces,
displays, digital maps, digital information systems etc.), architecture, traffic and
environmental design. In this paper we will focus on some of these factors such as: Visibility,
similarity, proximity, orientation sensitivity, interference effects, iconic representation, self-
similarity, uniform connectedness, symmetry, Wayfinding, The Golden Grid Rule, Hick’s
law, the von Restorff effect, Forgivenness, Flexibility-usability tradeoff, and some others.

In the following we look more closely at the first part of this dilemma.

Accessibility

According to Lidwell et al. (2003) the main aim of universal design (also called barrier-free
design) is that that:

““ objects and environments should be designed to be usable, without modification, by as
many people as possible” (p. 14)
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In order to obtain this aim four basic characteristics of accessibility have been described:
Perceptibility, operability, simplicity and forgiveness. We will shortly describe these
characteristics.

Perceptibility means that everyone can perceive the design, regardless of sensory abilities. To
improve perceptibility information should be presented using:

1) Redundant coding (e.g. iconic, textual, tactile, auditory)
2) Provide compatibility with assistive sensory technologies (e.g. ALT-tags, internet)
3) Position information and controls so that seated and standing users can perceive them

Operability is achieved when all can use the design irrespective of physical abilities. In order
to improve operability five basic guidelines are recommended:

1) Repetitive actions should be minimized

2) The need for sustained physical actions should be minimized

3) Controls through good affordances and constraints should be facilitated

4) Compatibility with assistive physical technology (e.g. wheelchairs)

5) Position information and controls so that seated and standing users can perceive them

Simplicity: When everyone can easily understand and use the design regardless of experience,
literacy, or level of concentration. Simplicity will be achieved if:

1) Unnecessary complexity is removed

2) Labels of controls and modes of operations are clearly and consistently coded
3) Progressive disclosure to present only relevant information and controls is used
4) Clear prompting and feedback for all actions is used

5) Reading levels accommodates with all levels of literacy

Forgiveness is an important design principle which is achieved when the designs minimize
the occurrence and consequences of errors. To improve forgiveness the following factors
should be attended to:

1) Use good affordances and constraints (e.g. controls that can only be used the correct
way)

2) Use confirmations and warnings to reduce the occurrence of errors

3) Include reversible actions and safety nets to minimize the consequences of errors (e.g.
the ability to undo an action)

Some important perceptual factors for achieving accessibility

In order to achieve these four basic principles of accessibility, several other human factors
have to be considered; cognitive, biological, ergonomic, perceptual, visual etc. In the
following we will especially focus the last two factors, since these are factors common to all
human beings with a variety of functional capacity concerning vision and perception.

We have selected these visuo-perceptual functions: Orientation sensitivity, proximity,
similarity, Hick’s Law, iconic representation, interference effects, visibility, wayfinding, The
Golden Grid Rule, flexibility-usabillity tradeoff, The von Restorff effect, and wayfinding.
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Orientation sensitivity

A basic visual perceptual effect showing that certain line orientations are more quickly and
easily processed. There are two main types; The Oblique effect and the Pop-out effect. The
oblique effect is the ability to more accurately perceive and judge line orientations that a close
to vertical or horizontal lines (Nothdurft, 1991). The pop-out effect shows the tendency of
certain elements of a display to “pop out” as figure elements, and, thus, becomes more easily
and quickly detected. Knowledge of this effect is important for design of systems requiring
discrimination between different lines, textures or decisions based on the relative position of
elements.

Proximity

A basic perceptual effect originally described by the German Gestalt psychologists and is one
of the Gestalt laws. This effect shows that elements close together are perceived to be more
related than elements farther apart (Willis et al. 1999). This visuo-perceptual grouping
principle represents a “rational” perceptual principle in terms of reducing the visual
complexity of a system and reinforcing relatedness of elements. Proximity is a powerful
principle and will normally overrule other perceptual principles such as similarity

Similarity

The principle of similarity is also one of the Gestalt laws of visual perception originally
described by the German psychologist MaxWertheimer in 1923. This law states a grouping
principle, elements that are similar are perceived as a single group, and are interpreted as
being more related than dissimilar elements. Most visual displays (e.g. computer displays,
textual pages, control panels) have different areas and types of information dependent upon
colour, shape, size or other design elements. The perceptual advantage of the similarity
principle is a reduction of visual complexity, and reinforcing relations between components.
Dissimilar elements should, therefore, be designed in different shapes, sizes and colours in
order to be perceived as different.

Hick’s law

The cognitive-perceptual phenomenon revealed here is that decision time increases as the
number of perceptible alternatives increases (Hick, 1952; also known as the Hick-Hyman
Law). Hick’s Law has important implications for any system or processes which requires
decisions to be made based on multiple options. This principle addresses the third step in the
basic four step chain for almost all tasks: 1) Identification of a problem/ goal, 2) assess the
available options to solve the problem/attain the goal, 3) decide on an option, 4) implement
the option. Hick’s Law is especially important the designing time-critical tasks and states that
the number of options should be kept at a minimum to reduce response time and minimize
numbers of error (e.g. wayfinding, software menus, control displays). For complex
interactions and hierarchies of options this law is not especially relevant.

Iconic representation

This means use of pictorial images to make objects, actions and concepts easier to find in
instrument and computer displays. Icons also facilitate recognition, learning, remembering.
Iconic representations can be used for various aspects of identification (e.g. company logos)
and they are also space-efficient alternatives to text (e.g. road signs). There are four types;
Similar icons, Example icons, Symbolic icons and Arbitrary icons.
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Interference effects:

Interference is two or more perceptual and/or cognitive processes in conflict, implying that
mental processing is slower and less accurate due to competing mental processes (Wickens,
1972). The four most important types of interference are: Stroop interference, Garner
interference, proactive and retroactive interference. The Stroop and Garner interference are
predominantly perceptual, the other two mainly cognitive, i.e. interference with higher
memory processes.

The Stroop effect is shown in several ways, e.g. when irrelevant aspects of a stimulus triggers
a mental process interfering with a relevant aspect of a stimulus (e.g. red-green interactions).
The Garner effect means that an irrelevant variation of a stimulus triggers a mental process
interfering with perceptual processes involving relevant aspects of a stimulus (e.g. naming of
shapes in combinations. Proactive interference might occur when existing memories interfere
with learning (e.g. grammar of native language interferes with grammar of new language).
When learning interferes with existing memories retroactive interference occurs (e.g. learning
new pin codes interferes with numbers already in memory).

Visibility

The principle of visibility states that the usability of a system is improved when its status and
methods of use is clearly visible (Norman, 1990). Visible systems are more usable since they
better indicate their status, possible actions that can be performed, and the consequences of
actions. This basic cognitive-visual principle is based on the fact that humans are better
recognizing solutions when selected from a set of visual options, than recalling solutions from
memory. This principle is one of the most important in design of complex and hierarchical
systems. In order to succeed in using this principle in design of complex (hierarchical)
systems, one should consider the number of conditions, number of options, and number of
outcomes. Hierarchical organization puts controls and information in logical categories. The
category names remains visible, but the controls and information remain invisible until the
parent control is activated. Visible controls and information serve as remainders of what is
possible and what is not possible. System design using the visibility principle as an active
organizer will clearly indicate the systems status, the possible actions that can be performed
and the consequences of the actions. In this way visibility is essential for problem solving,
especially in time of stress (e.g. the Three Mile Island accident).

The Golden Grid Rule

This principle is also known as the Rule of Thirds and is a cognitive-perceptual composition
technique where a medium is divided into thirds (vertically and horizontally),creating
aesthetic positions for the primary elements of design (Goldstein, 1997).The primary elements
of the design is positioned on an intersection of the grid, creating an asymmetry generally
agreed to be aesthetic. The Golden grid rule was well known to the Renaissance painters and
corresponds roughly to the golden ratio. The Golden Grid Rule is easy to use, but when
primary elements are especially strong and could imbalance the visual design, centering these
elements should considered instead.

Flexibility — usability tradeoff:
The core of this principle is simply that the usability of a system decreases as the complexity
of the system increases and addresses a common mistake among designers and (software)
engineers that technical designs should be as flexible as possible. However, the price to be
paid is often less efficiency, more complexity, increased (decision) time and more expensive
developments (Norman, 1990).
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The von Restorff effect

This phenomenon is primarily a cognitive memory effect, originally described in 1933 by the
German psychologist Hedwig von Restorff, and states that noticeable different things are
more likely to be recalled than common things. This effect is also known as the Isolation
effect or the Novelty effect (Lidwell et al. 2003). This increased likelihood of remembering
unique or distinctive objects, events, actions versus those that are common is primarily a
result of increased attention given to distinctive items in a set. For instance, if a set is a list of
words, peculiar names, words, spellings will be remembered better than more common words.
names, words, spellings. A set could also be list of characters, faces of people, pictures,
billboards, and situations. The perceptual basis of the von Restorff effect is differences in
context (stimulus different from surrounding stimuli) or a difference in experience (a stimulus
is different from experiences in memory). We can easily observe this effect every day in
numerous marketing advertisements, where the advantage is the highlighting of key elements
in a presentation.

Wayfinding

This is the use of spatial and environmental information in order to navigate to a destination
(Lidwell et al. 2003). Wayfinding consists basically of four cognitive-perceptual elements:
Orientation, route decision, route monitoring and destination recognition. All elements have
to be clearly presented. The orientation element is determination of one’s location in relation
to nearby objects and the destination. This element is improved if a space is divided into
smaller parts with landmarks and signage to create unique easily identifiable subspaces. The
route decision is the choice of the way to the destination. Minimizing the number of
navigational choices and providing signs and prompts at decision points improves route
decision. Route monitoring means monitoring the way to confirm that is leading to the
destination and is an important element. Monitoring is improved if locations are connected
with paths that have clear beginnings, middles, and ends. Destination recognition is a memory
process that is improved by enclosed destinations such as dead-ends, barriers to stop or
disrupt the flow of movements through the space. All destinations should be given clear and
consistent identities.

Conclusion

In this paper some important perceptual-cognitive factors common to all human beings and,
thus, relevant for various aspects of universal design. However, even if these factors are
carefully attended to, it will be necessary to identify specific areas in universal design where
special adaptations have to be made. Special groups of people, e.g. elderly and physically
disabled people, might for instance challenge the principles of universal design by creating
dilemmas in terms of accessibility and, thus, lead to decreased accessibility and usability for
the majority of the people. For instance, “over-sizing” the oblique effect, Hick’s law, the von
Restorff effect, the visibility of a design will not solve this problem, but instead create other
negative effects which might destroy the positive effects of application of these perceptual-
cognitive factors in universal design.
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Effectiveness of mobile radiation cooling panel
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The aim of this study was to propose a new mobile radiation cooling panel that can improve
radiation efficiency. Radiation temperature and power consumption were compared between a
natural jade stone-coated cooling panel (N panel) and an old type (O panel). Although there were
no differences of the power consumption between two panels, N panel had higher radiation
efficiency than O panel. In addition, the comfort is verified by the comparison between the

proposed mobile radiation cooling panel and the air-conditioning equipment.

1. Introduction

Because summer air conditioning exerts a major influence on electric power demand, many
studies have focused on the utilization of radiant cooling as an alternative to conventional air
conditioning. It is widely believed that radiant cooling systems could significantly reduce electric
power consumption. Radiant cooling is also believed to hold promise as a means of reducing the
occurrence of air-conditioning syndrome and local cooling, which are often encountered with
conventional cooling by air conditioners due to exposure to cold airstreams, and as a means of
increasing overall thermal comfort levels (ltoigawa, et al., 2007). Research on radiant cooling has
typically focused on its utilization in ceiling and wall panel installations, and many studies have
investigated the energy savings and comfort levels of radiant cooling relative to conventional air
conditioning. In radiant cooling installations, however, the effectiveness of the panels is substantially
reduced by surface condensation and the distance from the cooling target, and radiation efficiency as
a performance characteristic has generally been low. A further drawback of these types of
installations is the lack of flexibility for targeting specific areas or individuals in the dwelling, in
contrast to the adjustable targeting of conventional air conditioners (Senuma & Takeda, 2008).

Therefore, in the present study, we focused on the possibility of increasing the efficiency of
radiant cooling systems by applying a coating produced from natural jade ore. To facilitate
positioning within the room, we fabricated a mobile radiant cooling system using a coated panel and
evaluated its effectiveness in experimental trials to determine its radiation efficiency and the comfort

levels experienced by volunteer subjects.

2. Overview of study

Two sets of experimental trials were performed to evaluate the proposed mobile radiant cooling
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system using a jade-ore-based coating on the radiant panel surface. We first performed an
experimental comparison of the spatial domain of the radiant energy effect of panels with and
without the jade-ore-based coating. We then conducted experimental trials with volunteer subjects to
investigate the level of comfort provided by the proposed radiant cooling unit using the coated panel

relative to that provided by a conventional air conditioner.

3. Radiant effect experiments
3.1 Experimental method

As shown schematically in Figure 1, a radiant panel (85 x 85 x 3 cm) formed from a Galvalume
sheet was placed in a room with 35 radiant temperature measurement points arrayed in front of the
panel at distances up to 100 cm. The measurements were made with transducers (INNOVA,
MMO0036) of a PMV Data Logger (INNOVA, 1221). The air temperature was measured with an
indoor thermometer (Espec, RSW-20S) located 50 cm in front of the radiant panel center and 0.6 m
above the floor. A circulation system was fabricated to supply cooling water to the panel at a
temperature setting of 6.2°C, and the air temperature was maintained with an air conditioner (Daikin,
S28-KMV) set at 25°C throughout the experiments. The surface temperature in the central part of the
radiant panel was measured with a thermocouple (CENTER, 309DL).

The only factor that varied between the two sets of trials was the radiant panel employed. In one
set, a panel with a coating made from natural jade ore (panel N) was used as the radiant surface. In
the other set, an uncoated panel (panel O) was used.

3.2 Experimental results and discussion

Figure 2 shows the temperature distributions near panel N and panel O, respectively. The radiant
temperature values in the measurement space with no radiant panel were found to be almost identical
to the air temperature in the room. As the mean air temperature in the room during the experiments
was 25.25°C, it may therefore be concluded that those regions showing temperatures of less than
25°C in these two figures represent the domains of the cooling effect of the panels. The cooling
domain of panel N extended at least 100 cm in front of the panel surface , while the cooling domain
of panel O extended only 40 cm at its maximum point. The minimum radiant temperature observed

with panel N was 22.1°C, which was 2.7°C lower than the minimum observed with panel O, 24.8°C.

Observation W22-23 [23-24 24-25 B 25-26 (°C)
point —
0 00 00 Moasurermont 5 N Panel O Panel
Cooling @ @@ @06 device E 100 pam 7 ; T
system for PMV &
® T, — &
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Power © 0000 ) PC for = =2
meter 0 @ © 00 ~ |Og and 8 M
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cooling panel ‘Q’
[a)
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Figure 1 Experimental layout Figure 2 Temperature distributions near panels
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The greater effectiveness of panel N could also be observed from the mean temperature over the
measurement region, which was 1.6°C lower with panel N than with panel O.

The surface temperature of panel N was found to be 15.5°C, 1.8°C higher than the surface of
panel O (13.7°C). This difference is attributable to differences in radiation efficiency, surface
conformation, and other properties of the coating on panel N. These results, and the substantially
lower radiant temperatures observed in the measurement region with panel N than with panel O,

indicate a high thermal radiation effect of panel N.

4. Comfort level trials
4.1 Experimental materials and procedure

In light of the findings in the radiant effect experiments, we fabricated a mobile radiant cooling
unit incorporating a radiant panel (80 x 150 x 2 cm) formed from a Galvalume sheet, which has a
surface coating produced from natural jade ore, together with an internal cooling water circulation
system. To investigate the comfort level that could be attained with this unit, we performed comfort
level trials in which we compared the effectiveness of the radiant cooling unit with that of a
conventional air conditioner. The trials were performed at the Environmental Laboratory Building at
the Hino Campus of Tokyo Metropolitan University during the months of September and October on
days with similar outdoor temperatures. The cooling systems compared were the proposed mobile
radiant cooling system and a conventional air conditioner (Daikin, S28-KMV). The volunteer test
subjects were eight male university students (age, 24.3 = 1.7 years). All subjects were dressed
identically in a t-shirt, short pants, and underwear. The clothing quantity was equivalent to 0.33 clo.

Figure 3 shows the schedule for each trial, which consisted of a radiant cooling session and an air
conditioner cooling session, both on the same day. The thermal histories of all subjects were
equalized by having each subject remain seated for 20 min prior to the beginning of each session in
an anteroom set to a temperature of 28°C. The subject was then immediately moved from the
anteroom to the Environmental Laboratory Building, and a 60-min exposure trial was conducted in

which the subject’s physiological and psychological responses were recorded.

Radiant cooling panel Air-conditioner

Pleasure h
Control Condition of Control Condition of \?.\ ~
condition | Radiant cooling panel §condition Air-conditioner 2 PO s - 5
28.0(°C) 28.0(°C) A
Measurement Measurement 1 - s S o= o P
of ECG of ECG 0 " -
% Measurement of skin temperature 1
Questionnaire Questionnaire

i H 2

0 20 50 80 100 130 160 (min.)
Un-pleasure 26 28 30
Temperature of a room (°C)
Figure 3 Schedule for each trial Figure 4 Comfort levels reported by all subjects
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4.2 Evaluation indices
1) Thermal environment conditions

Indoor thermometers (Espec, RSW-20S) were placed in the center of the room at 0.1, 0.6, and 1.1
m above the floor, and temperature and humidity were measured at 5-min intervals. The operative
temperature at 0.6 m above the floor was measured at 1-sec intervals with the transducers (INNOVA,
MMO0060) of the PMV Data Logger (INNOVA, 1221).

The air conditioner setting was adjusted as necessary during the radiant cooling sessions to
maintain a uniform thermal environment during the cooling sessions, based on the time-series
variation found in the operative temperature during the radiant cooling experiments.

2) Physiological indicator

Skin surface temperature was measured and recorded as the physiological indicator. The sensors
of a temperature logger (Gram, LT-8A) were taped directly to the skin at eight points: forehead,
forearm, back of hand (dorsum manus), abdomen, thigh, lower leg, instep (dorsum pedis), and
fingertip. The mean skin surface temperature was computed by the Hardy-DuBois 7-point method.
3) Psychological response

The 1SO-10551 seven-point scale was used to measure psychological response. The subjects
reported comfort level, total thermal sensation, local thermal sensations (head, arm and leg), and

other aspects at 15-min intervals throughout each exposure session, including at the start and end.

4.3 Experimental results and discussion
1) Indoor temperature and skin surface temperature to comfort level

Figure 4 shows the comfort levels reported by all subjects for all of the room temperatures in the
radiant cooling and air conditioner trials. As indicated by the figure, at room temperatures of 26°C or
below, a large proportion of subjects reported that the radiant cooling was more comfortable than the
air conditioning. At room temperatures of 26°C or higher, most subjects rated their level of comfort
as 0 or higher in both the radiant cooling and air conditioner cooling trials; thus, there did not appear
to be much difference in comfort levels between the two cooling methods. These results indicate that,
in environments with temperatures of 30°C or lower, the proposed radiant cooling system can
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provide the same level of comfort as air conditioning.

As shown in Figure 5, the distribution of reported comfort levels shifted substantially toward the
region of lower skin surface temperatures during the air conditioner cooling sessions compared to
the radiant cooling sessions. Presumably, this was a result of the contraction of peripheral blood
vessels in the hands and feet due to airstreams from the air conditioner; the consequent lowering of
skin surface temperature contributed to the sense of discomfort reported by most subjects. With the
radiant cooling system, in contrast, the decrease in skin surface temperature was substantially
smaller, even though the radiant cooling panel was not far from the subjects.

2) Skin surface temperature and total thermal sensation in a given room temperature range

Figure 6 shows the thermal sensation reported by subjects plotted according to dorsum pedis
temperature at room temperatures of 24 to 26°C. During the air conditioner cooling sessions, a larger
proportion of subjects exhibited substantial lowering in dorsum pedis skin surface temperature and
reported a feeling of coldness in the room for temperatures 26°C and below as compared to radiant
cooling. This is presumably the reason that a larger proportion of subjects reported a sensation of
comfort during radiant cooling than during air conditioner cooling for room temperatures of 26°C
and below. In a previous study performed in the summer,? it was possible to obtain a neutral thermal
sensation and a sensation of comfort with differences between mean skin surface temperature and
local skin surface temperature of 2.3°C or below and 2.7°C or below, respectively. Together with the
present finding that the difference between mean skin surface temperature and dorsum pedis skin
surface temperature was 3.55°C with air conditioner cooling but only 1.61°C with the proposed
radiant cooling system, these results clearly show that the proposed system is more effective for

achieving a neutral thermal environment than air conditioning.

5. Conclusions

The following two conclusions can be drawn from the results of this study.
1) The application of a high-radiant coating made from natural jade ore to the radiant cooling panel
substantially enlarged the domain of the radiant cooling effect of the panel.
2) Skin surface temperature measurements and thermal sensation reports showed that the proposed
radiant cooling system can provide the same degree of comfort as an air conditioner at room

temperatures of up to 30°C.
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The Kaskenlinna hospital provides 214 beds for elderly patients in rehabilitation and long-
term cares. The keywords for planning the new hospital were patient needs and safety. These
principals are seen in the patient room and other space solutio . The patient rooms are
designed for I — 2 persons with aesthetic lightning and the view outside. The planned logistic
solutions and the use of the newest technology reduced nursing personnel’s steps during their
workday. The multi professional teamwork in the model-room working method was successful
for designing and finding new solutions to the final solutions of the hospital.

1. Introduction

In January 2009 Turku got a long-awaited new hospital for elderly patients. In February 2006 the
city council approved the project plan of the substitutive estates for the old Kurjenlinna hospital.
The story of Kurjenlinna hospital’s substitute estates has been long. The hospital was originally
built for military purposes in the end of 1800°s. For hospital use it has been used for last 70 years.
The first needs for more beds for long-term care was recognised in 1983 (Seligson 1986).

The planning started with the architect and engineers right a way in 2006. By the end of the
same year it was recognised that the new hospital had to provide care to elderly patients with
special needs. This meant that the future hospital would not only be for long-term patients but for
also patients with rehabilitation needs. The aim of the Kaskenlinna project was to develop an
environment with modern adequate space for nursing and where both hospital functional processes
and physical working environment was combined. The vision of Kaskenlinna hospital based on
magnetic hospital theory where good nursing is provided by functional, healthy and safe
environment. (Arve, Hellsten, Matikka 2006).
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The public private partnership (PPP) enabled The Kaskenlinna hospital project. In this partnership
both the public and the private partners share the risks and responsibilities. This agreement made it
enable to finance, plan, produce, develop and maintain public services toward public advantages
and needs. (Tuusvuori 2004, 3-5.) The Kaskenlinna hospital real estate company is owned by 49,9%
the city of Turku and 50,1% the Ruissalo Foundation. The Turku Municipal Health Care and Social
Services have rented the hospital building from the Kaskenlinna real estate company for 25 years at
least.

The actual construction of the building happened from March 2007 to December 2009. In
February 2009 214 elderly patients with personnel (200) moved to the new hospital. In Kaskenlinna
hospital there are five wards. Two wards for long-term patients care (126 beds), two rehabilitation
(neurological and geriatric) wards (58 beds) and isolation ward (25 beds). For most of the patients
in the long-term care the Kaskenlinna hospital is their last home. Two rehabilitation wards offer
active rehabilitation care with multi professional teamwork for neurological, orthopaedic and other
geriatric patients. These patients need more active rehabilitation after acute care period. The
hospital building has built to be easily changed to serve as a 428 bed hospital in a crisis situation
(pandemic, catastrophe). There are 200 people working in the building.

2. The planning process

The planning process based on evidence based knowledge from various areas for example nursing,
ergonomics, engineering, work safety and leadership concerning the actual building process,
planning and designing and developing the new way to manage and work in the new hospital. The
main goal was to be able to accomplish new ways of thinking how to do nursing, leadership,
logistics, cleaning work in the new working environment. The main emphasis was the patient needs,
his abilities to function and safety. The patient’s needs for the care are always based upon his
medical diagnosis and needed care.

The Social and Health Ministration issued the first recommendations for the elderly care in
year 2001. In year 2008 there became new guidelines with more precise directions for elderly care.
These two documents guided also the Kaskenlinna hospital project threw the whole process. During
the Kaskenlinna project the project management and multi professional team did consistent co-
operation and active networking with Finnish Institute of Occupational Health, Turku University
Nursing Science Department, Turku University of Applied Sciences.

The planning process started in the very beginning of the Kaskenlinna hospital project in
2006. The administration of Turku healthcare appointed a working group to start the actual planning
of the hospital functions and processes. In this group members were from the acting leadership of
Kurjenlinna hospital, nursing personnel and planners. This group formed a multi professional team
that did close cooperation with each other during the project. The team members were nurses,
practical nurses, hospital orderlies, physiotherapist, doctor, hygiene nurse, cleaning work specialist,
specialist from the hospital nutrition centre and catering.

The multi professional team visited other institutions similar to the planned hospital in Turku
area (service housing for elderly people) and in the south region of Finland (Helsinki, Porvoo,
Lahti).
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3. The model-room working method

The multi professional teamwork in the model-room group in the planning process was successful
for designing and finding new solutions to final hospital building and patient rooms. The model-
room is method where the planned hospital room is build to another estate and location.

The model-room is an authentic room where it is possible to test different solutions
according to the designs and plans of the architects and other planners i.c. electricity, ventilation
etc. All the hospital planners participated in the multi professional team’s work in testing the model-
room.

In Kaskenlinna hospital case three model-rooms were built during the construction time. The
first model-room was build to another location to a bus depot. The second model-room was built to
former bicycle storage in the area of Kurjenlinna hospital. This model-room was at close distance to
the old wards and personnel. The second model-room was actual copy of the planned patient room
with all the technical solutions and interior designs i.c. pipe work, windows, colouring, ventilation.
The last model-room situated in the new hospital building. The builders and the owners had a
mutual agreement that even the construction was going on and incomplete it was necessary to have
originally planned patient room to the actual hospital building. This room situated in the future
isolation ward in the first floor.

The major work was done by the group of multi professional team where nurses, practical
nurses, hospital orderlies, physiotherapist and doctor all participated in testing the model-room.
Also few patients and their relatives took part in testing the model-room. Many changes were made
after the multi professional team’s testing and their observations of the functionality of the planned
room for example facade, room base, pipe work and bathroom locations, size of the windows and
colouring and coatings in the rooms.

4. What did we learn from the multi professional teamwork and model-room working
method?

Building the new hospital estate and the multi professional teamwork combined with testing the
model-room turned out to be very successful way of doing project with two different corporate
governance, public and private, and with many experts from nursing, architecture to engineering.
During the whole project different professionals and experts created an active comprehensive
interaction with each other. The process was a learning process for everyone.

The designed hospital building created demands to look at cost-efficient and flexible ways
of doing work and managing personnel considering ergonomics, work and patient safety and work
welfare. The outcome of Kaskenlinna project was excellent. The active co-operation with different
actors in the process was the key element to ensure the final outcome of good and well functioning
hospital environment. The thesis works from different fields of science supported the development
and planning process. There were also several studies going on with the Finnish Institute of
Occupational Health which gave evidence based knowledge of patient lifts and how lifts support
nursing care, the impact of patient wash methods to nurse’s physical workload and developing
working methods as a part of safety management. These works made sure that the final outcome
satisfied everyone involved in the project.

The Kaskenlinna model-room multi professional team and teamwork was rewarded 2009 in Finland
with the national ergomics prize by the Finnish Institute of Occupational Health.
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Abstract

An Airport Management Centre (AMC) was proposed for Oliver Tambo International
Airport (Johannesburg, South Africa) to enhance the operational capability of the
airport in time for the 2010 Football World Cup.

The operating concept of the centre aimed to bring together personnel from varying
departments and companies within the airport system with the intention of improving
the airport’s transport service. The idea was new and faced the challenge of
changing the attitudes of commercially, self-interested companies to that of a more
collaborative and knowledge sharing community.

The following paper describes the key processes and challenges posed when
preparing and developing designs for the control room, providing a solution that not
only facilitated collaborative decision-making and knowledge sharing between
traditionally disparate groups but also considered the sensitivities of competing
companies working together for the benefit of the entire airport community.

Introduction

It is important to understand why a control centre has been commissioned as this can help to
identify any people integration issues that may arise. For example, the purpose could be to
streamline operations (perhaps reducing manpower), update and integrate new equipment,
or change the boundaries or areas to monitor. It could also be to bring together, and
increase efficiency across disparate teams. All of these will result in staff having to adapt the
way they work.

The purpose of this project was to create a new airport management control centre that
accommodated staff from across the airport. The workspace needed to house a variety of
people and confidential systems from different commercial and airport managed
organisations which must work together. The main objectives being to: increase punctuality
(of aircraft, baggage and passengers); increase process quality (streamline processes and
make them more efficient), and to continuously improve.

In order to succeed, the control centre staff needed to be able to communicate with each
other to decide collaboratively on the most effective course of action for the airport as a
whole, sometimes to the detriment of their own personal gain.

These changes must not be underestimated or over simplified, and an understanding of the
common challenges associated with the change needed to be recognised. First, a picture of
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how the control centre intended to operate had to be determined, and then the full impact of
the changes could be recognised and managed through transition and into service.

This paper presents some of the tools and methods used specifically in defining a workable
operating concept and physical layout design for the airport management centre control
room.

Methods

The project broadly followed the human-centred principles for ergonomic design process as

stated within ISO 11604-1:2001 Ergonomic design of control centres. Emphasis was placed
upon a collaborative, iterative design cycle due to the novelty of the operating model and the
complexity of the political culture within which the control centre had to exist.

Analysis and Definition: What business processes will be performed in the control
room?

The tasks critical to the strategic aims of the control centre had to be understood. To do this
one had to understand the key business processes required to achieve the purpose. The
key business processes represented how the control centre facilitated flow of information.
Information was devised in conjunction with stakeholders to ensure that an accurate picture
is obtained.

A series of key business processes were generated to illustrate the coverage of the control
centre. Figure 1 identifies the processes that were required to maintain overall situational
awareness of the airport passenger and baggage flow throughout the airport: from footfall at
the airport to embarking /disembarking the aircraft and leaving the airport perimeter.

Passenger

Arrivals
Birbridge

- N
| Security s

h Gates
A'r_r__iir'al's_ﬂ us - — —‘j

Figure 1: Example passenger business process

Once the business processes were generated, the tasks undertaken within each area were
analysed to determine where current operations had the potential to communicate and / or
benefit from interacting with the control centre. This was achieved, firstly through task
analyses, and then through scenario-based and information based operational sequence
diagrams (OSDs). The OSDs illustrate the information flow requirements within the control
centre identifying who needs to talk to whom and what systems are being used. An example
of an OSD can be found in figure 2.
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Figure 2: Example of an Operational Sequence Diagram

Q: Who will be working within the control centre?

Understanding the business processes facilitates the identification of the persons and
systems who need to be located in the control centre. These are the positions that can have
the most influence and / or impact on achieving each business process. In the airport, to
facilitate the flow of passengers through the airport, it is important to have representation
from at least:

e Each of the major the airlines - as they facilitate flow through check-in and
boarding, aircraft departures, arrivals and turnaround

e The airport operating company — e.g. security representatives as they facilitate flow
through security and (often) immigration

e Service providers — who support transferring passengers and baggage to and from
the aircraft

At this point (in conjunction with other human factors activities), it was possible to identify the
likely people to be located in the control centre, the likely systems that they would require,
plus any information that was needed that they currently do not have (e.g. new system
requirements).

Job summaries underpin the roles that were located in the control centre. Their purpose
was ultimately to inform the physical design of the control centre, and to ensure the
recruitment and selection of appropriate personnel. These were generated from a number of
different source materials including: task analyses, business processes, existing job
descriptions, etc. They included principle and core responsibilities, key performance
indicators, system requirements, and reporting mechanisms. They also contained specific
behavioural and technical competencies.

Conceptual and Detailed Design: What should be the design of the control room?
The authors direct the reader to ISO 11064 [1] for a broad brush overview on physical
ergonomics design. Some of the pertinent challenges arising from the design of the control
centre were the following:

a) Facilitating a collaborative method of working

The design took into account logical groupings of businesses (e.qg. airlines with
service providers), whilst considering protection of commercially sensitive information.
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Tools such as link analysis and communication scenario analysis were used to
propose a working arrangement in the room which was validated through CAD
visualisation workshops and mock-up trials with stakeholders and end-user
representatives.

b) Facilitating key role responsibilities

The operating concept identified job summaries of personnel within the room. The
design had to enable key personnel such as the Duty Manager to facilitate
communication within the room by sharing information through wall-mounted displays
and steering members in the recovery of airport events.

c) Flexibility and room expansion

The planned number of people and systems within the room was based upon a
potentially evolving operating concept that could change based upon long-term
governance directives. A final design solution for the room needed to consider
flexibility so as to ensure that it could fulfil changing operating requirements.
Challenges related to factors such as accommodating different room arrangements,
sightlines towards communal displays, equipment placement, heating, ventilation and
air conditioning. As such methods such as sightlines assessment, predictive
manning assessments and HVAC modelling were employed to ensure flexibility in
the design.

d) Dealing with 24/7 operations

The room was planned to be manned 24 hrs / day. Factors such as shift handover
and manning requirements were modelled for a working period, equipment
procurement and placement process ensured that maintenance access did not
interfere with operations, and room illumination levels were chosen so as to facilitate
day to night-time activities.

Figure 3: CAD design (left) and realised control centre (right)
What preparation should be undertaken prior to full commissioning?

Alongside the design of the control centre and the management of change it was also
important to give some thought and planning into the actual transition from current
operations to the control centre. A timeline of activities was scheduled to maximise the
potential of the people component of the control room. Activities were planned to enhance
the skills, knowledge and experience to the level required of the control centre operator.
Transition planning workshops with the design team and representative stakeholders were a
useful way of devising a comprehensive plan for supporting implementation of a new control
centre. The workshop determined the ‘what’, ‘why’, ‘how’, ‘when’ and ‘where’ detail of each
transition activity. The output was a transition plan that documents these activities and
identified a realistic timeline for implementing them prior to operation. Figure 4 illustrates an
example of a transition timeline showing time allocated for pilot operations and training
sessions.
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Figure 4: Transition timeline

Training sessions were centred on learning and familiarising with any new pieces of
equipment. They also concentrated on teaching the operating principles and philosophy of
the control centre. Training sessions were designed to be engaging and allow for feedback
from the participants to ensure that the correct message was being received and
understood. Pilot operations on a simulator or mock up were useful to allow people to
become familiar with the equipment that they would be working on and the processes and
practices they were expected to use. It also provided a good opportunity to help people
settle in, get to know each other, and to practice collaborating and working together. Key
scenarios were generated based upon the critical tasks identified in the design process.
These scenarios helped staff to practice and, where necessary refine procedures.

Summary

This paper has presented some of the tools and methods used specifically in defining a
workable operating concept and physical layout design for the airport control room.

It illustrates how the operational design and implementation of a new control centre can be
supported by gaining a thorough understanding the ‘people’ element of a system and the
practicalities of delivering a project to client’'s programme of work.
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This study is a part of a larger development project that aims in improving the
productivity and safety of short haul truck drivers’ work. This study presents two
cases in which video assisted analyses of truck drivers’ work are utilised for
participatory design purposes. Interviews, focus groups and participatory design
processes were utilised as methods. Representatives from two transportation
companies and two technology companies participated into processes. Results
indicate that video analyses seem to be quite effective in illustrating development
needs and in aiming development processes. The design processes led to new,
concrete solutions to existing products.

1. Introduction

Truck transportations are important factors of national competitiveness. Both humans and
products need transportations continuously. The transportation branch and logistics have been
researched and developed largely but there is still clear need for development work and new
innovations especially in safety and environmental issues (Vehicles 2015, 2010). Safety
practices are not always fully understood as sources of risk to logistics and transportation firms
(Cantor, 2008).

Transportation companies are keen members of different value chains (Ellegaard et al.,
2003). Different kinds of cooperation practices are needed between different value chain
members such as customers, technology companies, stakeholders, insurance business,
occupational health care and other interest groups. Large cooperation between stakeholders and
interest groups of the Swedish brewery delivery branch is a good example on that. Smaller scale
regional cooperation practices between different parties led step by step to national large scale
cooperation and to the national delivery standard (Malgvist and Parmsund, 2008). Continuous
improvement is important. Small enhancements in some certain key areas may attract other
interest groups, deter opponents and lower resistance to subsequent proposals and so enhance
competitiveness (Weick, 1984).

The product development process has been examined from several perspectives in order
to achieve an optimal product and an efficient development process. The ergonomic approach to
product development emphasises in participatory design processes (Olsson and Jansson, 2005;
Vink et al., 2008). In participatory design, the end users are invited to cooperate with the devel-
opers in a product development process. They can participate in several stages of the
development process. Kensing and Blomberg (1998) claim that a participatory design is
essential for developing and testing new products. Earlier studies on participatory design have
focused on issues like the design process, concept communication, product specification, and
prototype trials.
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Truck drivers” work is mobile (Lilischkis, 2003). Truck drivers usually work alone in
various environments. That makes some special demands to the technologies and tools. Truck
drivers must be able to work safely on different environments within tools and devices in
working order. Technological devices and tools need user oriented participatory design
approaches and models. This study included two aims. The first one was to study how the video
assisted analysis of truck drivers” work could be utilised in focus groups and participatory
design processes. The second aim was to present two cases in which video assisted analyses and
participatory design processes have led into innovations and concrete new applications in the
transportation industry branch.

2. Material and methods

This study had a constructive design science research approach (Jarvinen, 2004).
Macroergonomics (Hendrick and Kleiner, 2001) and sociotechnical and organisational
ergonomics aspects (Kleiner, 2006) were emphasised besides logistics and design processes.
Three different methods were utilised in this study (Figure 1).

I Interviews and focus groups
For solving possible needs for further analysis

\/

11 VIDAR video filming and analyses
Focused mainly on the needs from the interviews

lll Participatory design processes
Focus group and participative creation oriented
session utilising the VIDAR analyses

Figure 1. Three methods utilised in the study.

This study utilised analysis material which was gathered in a large Finnish development
project that aims in developing short haul truck drivers’ work’s productivity and safety outside
the cab. The focus for the project is to develop all work system (Roland and Moriarty, 1983)
issues. In the project, a large video material database was collected from short haul drivers’
work outside the cab in different work environments.

The analysis material consists of video material from two cases from two large
transportation company’s short haul deliveries. The studies were performed simultaneously in
northern Finland (Case “Risk management”) and in southwest Finland (Case “Vehicle
structure”) in 2008. The analysed material was worked in development sessions by utilising
focus groups and participative creation oriented approaches (Jordan, 2000).

2.1 Interviews and focus groups

Possible needs for further development were defined in focus groups sessions (Case “Risk
management” participants: researchers (n = 3) and representatives of a transportation company
(2) and ICT solutions for transportations producing company (3)) and interviews (case “Vehicle
structure” participants: researchers (2), representatives of a transportation company (2) and a
vehicle structures producing company (2)).

2.2 VIDAR filming and analysis

A Swedish video and computer based work analysis method, VIDAR, served as a data analysis
method in this study. VIDAR is a participative video based method for ergonomic assessments.
VIDAR is based on video material and their analyses. Employees are video recorded while they
are performing their daily work. The analysis is then done by the subject employee on the basis
of the video material. The basic assumption in VIDAR is that the employees should be
recognised as the experts of their own work at least in the familiar work tasks that are done
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routinely and that the employees provide valid assessments in the analysis sessions. In VIDAR
the employee identifies and analyses physically and psychosocially demanding situations and
risks from the video material (Kadefors and Forsman, 2000; Forsman et al., 2006). The analysis
based on the video material could be performed in different ways. Usually the employee (or a
group of employees) analyses the video material (Forsman et al. 2003). Other interest groups
can most likely also do the analysis. VIDAR has been previously used only on analyzing
monotonous work. This project is the first one where mobile work analyses are made on a larger
scale.

VIDAR version 4.1 was used in this study. All together almost 400 minutes of video
material was collected and analysed in both cases. In case “Risk management” three male
drivers and one female driver and in case “Vehicle structure” three male drivers did the analyses.
The focus for the analyses was on case “Risk management” more on drivers’ whole work day
and on case “Vehicle structure” on the work phases that emerged from the preceding interviews.

2.3 Participatory design processes

In case “Risk management” the VIDAR analyses formed a basis for focus group sessions and
participative creation oriented processes. Researchers (3) and representatives of a transportation
(6) company and an ICT solutions producing company (3) participated.

In case “Vehicle structure” Several R&D needs were defined and further analysed from
the VIDAR analyses. These needs were worked more carefully in one R&D session in which
representatives of transportation company (3) and technology company (3) and researchers (4)
and students (2) participated. All the participants were male. Focus groups and participative
creation oriented approaches were utilised also in this session.

3. Results
The results for the focus groups, interviews, VIDAR analyses and participative processes are
presented shortly in Figure 2.

CASE "RISK MANAGEMENT” CASE "VEHICLE STRUCTURE”
1. Focus groups i 1. Interviewsl
Possible needs for further research were defined. The needs were Possible needs for further research were mainly related to the structures of
related to defining the whole work shifts risks and discomforts and in the vehicles and their usability and safety (e.g. moving in and out of the load
which tasks and environments they are related to. space and use of the tailgate lift).

‘ 2. VIDAR filming and analyses
All together 77 different discomforts and risks were identified. 12 more

2. VIDAR filming and analyses detailed development needs were selected of those (e.qg. lighting of the load
All together 75 different discomforts and risks were identified. 57 % space, container supports, spacing of electrical connections, tailgate lift
of those were analysed to be due to different work environments etc.).
outside the cab.
3. Participatory design processes
Work groups selected and analysed from technical and human points of
view 2 needs:
3. Participative design processes 1. Problem definition and concrete goals for the dev. process (functional and
Work groups concentrated on different work environments and their numerical aims)
risks. 2. Development strategy
The design processes resulted in a risk and quality management (resources, authorities, systems etc.)
application to a portable ICT device. 3. Development process

(plans, schedules, budget, persons in charge, follow-up)
4. Proposal for solution (technical and task oriented solutions)

4. Test phase
Drivers and customers both made some risk assessments and
usability testing for the application. Next test phases will follow later

4. Demonstration
Work groups presented the solution proposals to the decision-makers in the

on year 2010. * companies
5. Introduction, exploitation and follow-up 5. Production, exploitation and follow-up
These phases will follow after the test phases The solutions are now incuded into existing products

Figure 2. A short summary of the results in cases A and B.
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The VIDAR analyses based participative creation oriented processes resulted in concrete
solution proposals and applications for certain problems.

In case “Risk management” an ICT based “Developing Feedback” (KePa in Finnish)
application was ideated and created. KePa is an application on existing portable ICT device.
KePa is used for assessing the quality and risks of mobile work. KePa contains assessment
sections for drivers to assess customers’ environments and activities and for customers to assess
the drivers and the transportation companies work. More tests are performed with KePa later
this year. The case “Vehicle structure” resulted in two separate solution proposals. These
proposals were additional solutions to existing products in truck’s structures. The first proposal
was dealing with container supports and the other one was dealing with the lighting of the cargo
space.

4. Discussion and conclusions

VIDAR analysis is for the first time at a larger scale utilised in analyzing mobile work in the
development project in which this study is part of. This study presents two cases in which
employees and other stakeholders are included in product design and development processes. In
drivers’ mobile work system people, technologies, environments and their interactions are
present. All these elements need systematic and user oriented development. Different kinds of
methods and procedures are available for the development purposes. Still also new methods and
concrete tools are needed for to enable broad participation on design processes.

Video analysis material from employees work was utilised as a ground material for the
processes. VIDAR analyses have earlier been mainly used in ergonomic workplace assessments
(e.g. Kadefors and Forsman, 2000). VIDAR is subjective by its’ nature. There is a possibility
that evaluator’s thoughts and identifications can direct the analyses to wrong directions. That is
at least reduced by having the analysis done by several employees. As in this study in case
“Risk management” 4 drivers and in case “Vehicle structure” 3 drivers did the analyses
separately and the analyses results were combined inside cases before design phases.

The time spent to acquire video data from the work domain of drivers established a
common ground and a better understanding of the work context between the stakeholders,
though the work context was in general well known for all. We believe that the visual
expression of the work environment was important in creating an atmosphere where drivers’
contributions were taken into account seriously by the other stakeholders. This observation is
supported also by the study of Olsson and Jansson 2005, where six train drivers were involved
in the design project of the driving panel.

Vink et al. (2008) concluded in their study about the stakeholder involvement in the
different steps of a participatory design process, that from a theoretical point of view
ergonomists, employees, designers, middle management and top management play all an
essential role in the improvement process. Anyhow, the role of ergonomists is in practice
limited in later stages in adjusting and implementation only. Based on the experience with this
research, we argue that the video assisted analysis method supports the concurrent participation
of all stakeholders from the early beginning of the development project.

The results and the informal interviews and discussions with the participants indicate that
video analyses can bring out needs for development work. It seems so that concrete descriptions
of problems through VIDAR enable rapid cooperation and problem solving through
participatory design processes. Video filming and analysis can aim thinking and give common
goals for development work. This kind of practical innovation and development forum gave
also students channels to more practical issues and to get to know the actors in their field better.

It is hard to estimate core lengths of the processes from this study. The overall length of
the whole process on both cases was about two years. But only a small part of that time period
concentrated especially in these issues. The video material was collected originally also for
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other risk management purposes and the connections to product design were emphasised on the
latter period of the development project.

Kensing and Blomberg (1998) mentioned visualization as one technique for participation.
They specified that visualization promotes a practice where researchers and design professionals
are able to learn about users’ work, and where users are able to take an active part in technology
design. This is one important finding of this study as well, but we encourage all ergonomists
and work researcher to consider the video assisted analysis of work, not only a technique for
participation, but an productive methodology in development processes.
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Participatory risk assessment and accident statistics — A case
study at transportation branch
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This study is a sub study of a larger development project that aims in improving productivity,
working conditions and safety of short haul truck drivers” work. The focus of this study is to
present a case in which participatory video assisted analyses of truck drivers’ mobile work
are utilised in risk assessment. The results of the analyses are compared with the company’s
accident data. There seem to be quite significant similarity between the results of risk
assessment and employees’ workplace accident data. The risk assessment method may
predict upcoming possible accident risks by their nature. It seems to be possible to get
important data to prevent accidents by analysing work with this kind of subjective employee
oriented risk assessment tool.

1. Introduction.

Risk assessment plays a great role in accident prevention and safety management. Truck drivers’
work involves different kind of risks. In Finland, almost 10 000 accidents occurred in the
transportation and communication occupational class in 2006. This comprises approximately over 8
% of all accidents. Over 80 % of the accidents in this occupational class are related to handling
objects, carrying by hand and movement outside the cab in various work environments (FAII, 2008).

Drivers’ work outside the cab needs more profound research. Even though manual material
handling has been researched quite widely also in the transportation branch (e.g. Salanne et al.,
2006; Robb and Mansfield, 2007; European Foundation..., 2004). It still needs further research
according to the accident statistics. Transportation industry needs also more practical and easy-to-
use tools and methods for risk assessment purposes. Participatory ergonomics approach is an
effective way to find improvements to job design (Imada, 2002). The workers are valuable resource
in solving problems concerning job design (Noro and Imada, 1991; Yeung et al., 2002). It is
important to be conscious of the fact that workers have remarkable knowledge about their work
(Hess et al., 2004). Also in many cases they know valid solutions to risks and ergonomic problems
(Hess et al., 2004).

This study is a case study of one transportation company’s and its drivers work. In this study,
the first aim was to identify and analyse the tasks where risk situations occur in truck drivers’ work
outside the cab within a specific subjective employee oriented video analysis method. The second
aim was to identify the tasks where employees’ workplace accidents had occurred during the years
2007 and 2008. The third aim was to compare risk analysis data and workplace accidents and to
ponder whether the subjective video based risks assessments equate sufficiently to the accident
statistics. If similarity is good enough, one can recommend the utilization of risk data on accident
prevention.
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2. Methods and material.

2.1 Identifying risk situations from video material.

In this study, the driver analysed the video material of his or her own work. The main idea was to
identify psychosocial and physical discomforts from video material. The tools and methods which

are related to video are helpful, useful and quite popular by professional ergonomists (Dempsey et
al., 2005).

2.2 VIDAR method.

VIDAR is a video- and computer-based work analysis method and it served as the research method
in this study. VIDAR is a participative video-based method for ergonomic assessments. The method
requires video material from work that will be analysed. For the analysis drivers’ work tasks have
been recorded on video material. The driver does an assessment of physically and psychosocially
demanding situations by VIDAR with the help of an expert or ergonomist. The VIDAR method
requires a computer which is connected to a basic digital video camera (Kadefors and Forsman,
2000; Forsman et al., 2006; Forsman, 2008). The analysis could be performed in different ways. For
example the driver or a group of drivers could analyse the video material (Forsman et al., 2003). It
is also possible that other interest groups can most likely do the analysis.

Forms and fields for description, special notices and the frequency of how many times a
situation occurs in a certain period are given to every identified physical and psychosocial
discomfort (Figure 1). The discomfort rate for every identified physical discomfort is based on and
evaluated from Borg’s CR-10 Scale (Borg, 1982). Psychosocial discomforts are analysed by
internal psychosocial criteria. Mostly in the evaluation situation the ergonomist or researcher acts as

a secretary. This way the driver may focus on watching the video material. (Kadefors and Forsman,
2000).
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Figure 1. Analysis in progress at VIDAR method. The basic assumption in VIDAR is that the
drivers should be recognised as experts of their own work at least in the familiar work tasks that are
done routinely and it is possible to provide valid assessments in the analysis sessions.
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2.3 Accident data analyses.

The transportation company’s data of employees’ workplace accidents was taken from the
insurance company’s statistics. The statistics consisted of numerical data and verbal descriptions of
the accidents and their causes. Researchers analysed the statistics.

3. Results.

The transportation company employs approximately 170 drivers. Four delivery truck drivers (1
female and 3 male) participated in the video analyses in this study in 2008. The mean value of the
drivers’ ages was 30.5 years. Drivers identified altogether 32 discomforts. Half of those (16) were
related to physical discomforts and the other half (16) to psychosocial discomforts. According to the
statistics (years 2007 and 2008) altogether 35 employees’ workplace accidents occurred to 32
drivers in the company. In 2008 15 employees’ workplace accidents occurred to 14 drivers. In 2007
20 employees’ workplace accidents occurred to 18 drivers.

Most of the employees’ workplace accidents and identifications were related to “Manual
material handling, loading and unloading”-task category (Table 1). Also the similarity can be seen
at tasks related to “Movements in and out to the vehicle, cargo space or elevator etc.” and “Working
with vehicle or load space, plugging, doors, refueling, maintenance, repairing, service, adjustment”.

In total there were 35 employees’ workplace accidents and 32 identifications. The task
categories are listed by the employees’ workplace accidents of a transportation company and
identifications which are results from VIDAR analysis (Table 1). A lot of similarity in tasks can be
noticed by comparing the employees’ workplace accidents and identifications. In “Working with
vehicle or load space, plugging, doors, refueling, maintenance, repairing, service, adjustment” -task
there were only 1 accident concerning maintenance and repairing. For example there were no
accidents or identifications concerning load securing or load detaching (fastening or unfastening
load).

Table 1. The number of employees’ workplace accidents (2007-2008) and VIDAR identifications.
Identifications consist of psychosocial and physical discomforts. The original values for the Chi-
square test are presented first and expected values are presented in brackets.

Task category Employees’ Identifications
workplace accidents  (VIDAR)

Movements in and out to the vehicle, cargo space or 6 (5.7) 5(5.3)

elevator etc.

Manual material handling, loading and unloading 24 (25.1) 24 (22.9)

Working with vehicle or load space, plugging, doors, 54.2) 3(3.8)

refueling, maintenance, repairing, service, adjustment

Total 35 32

NES2010

The Chi-square test was utilized in testing whether there are statistical differences between
the task category distributions in employees’ workplace accidents and identifications. The chi-
square for the above is y> = 0.45 and with the two degrees of freedom (P (%> < 5.991). Accordingly,
the nature of the accidents and identifications are statistically similar.
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4. Discussion.
Various problems concerning undisturbed and safe deliveries were identified through the VIDAR
method. After all, there were three main task categories according to the analyses of accident
statistics and VIDAR identifications. Most of the accidents and also the identifications were related
to manual material handling, loading and unloading.

There is a lot of likeliness on the way accidents and identifications divide in to different tasks.
This may indicate that the VIDAR method may predict upcoming possible accident risks by their
nature. Still, there are some limitations. For example, the task categories are quite extensive and that
can be the reason for similarity. Supposedly, some more dispersion would exist if the task
categories were more specific. There should also be more identifications by different drivers and
accident statistics from more than two years. Still, these results indicate that there could be a need to
more extensive research in this area and in other branches.

The truck driver’s work consists of a lot of manual material handling, so it can be seen on
these results. It seems to be possible to prevent accidents by analysing work with a risk assessment
tool.
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Use of one guideline as reference for reducing ergonomic risk factors in
repetitive work and heavy lifting in freight transport companies

Inger Helene Gudding and Arve Lie
National Institute of Occupational Health, Oslo, Norway.
e-mail: ihg@stami.no

1. Background and aims

Norwegian enterprises are obliged to adapt a systematic approach to their working environment. The
Norwegian Labour Inspection Authority (NLIA) issued a regulation in 1995 to secure a systematic
approach to reduction of risk factors for musculoskeletal disorders in working environments associated
with repetitive work and heavy lifting. The regulation was combined with a guideline providing
examples of how the employer and the employees can contribute to meet requirements in the
regulation. This guideline is also a basic reference for the occupational health service (OHS) in their
ergonomic support to the transport companies in their prevention activity of reducing work related
musculoskeletal disorders. In Norway, the physiotherapists and the ergo therapists in OHS are usually
responsible for this support. The objective was to get their experiences with use of the guideline as an
adequate support to their professional competence in work disability prevention.

2. Methods and materials

A questionnaire was sent to altogether 67 OHS. The questionnaire identified different parts of the
guideline and asked for the experiences in using it as a suitable reference in risk assessments and
practical ergonomic support. The questionnaire was returned by 44 participants. In addition 12 of these
participants were interviewed by telephone and had the possibility of giving adequate additional
remarks to the different subjects of the questionnaire. 23 physiotherapists and ergo therapists from
different OHS were divided into four reference groups and invited to give their opinions to the design
of the guideline and the practical use in transport companies and in companies in general.

3. Results

The guideline was used regularly by the physiotherapists and the ergo therapists in their ergonomic
support to the transport companies. It was mainly used as tool for identifying risk factor in reducing
musculoskeletal disorders and a basic reference for the scheme of disability prevention interventions.
The illustrations of risk factors presented through the traffic light colours red, yellow and green were
highly appreciated. This well-known combination of colours made the illustrations easy to understand
and to transfer to every-day situations in the working environment. The guideline was beside risk
assessments often used as reference for different education activities and as reference in different
ergonomic support to the companies in their effort to reduce absenteeism due to musculoskeletal
disorders.

4. Conclusions for discussion

The guideline was used regularly by the physiotherapists and the ergo therapists in the OHS.

The examples and illustrations in the guideline associated with repetitive work and heavy lifting were
highly appreciated. It was used as a basic reference for risk assessments and in most practical
ergonomic support to the freight transport companies in their interventions of reducing work related
musculoskeletal disorders.
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The regulations clearly state .... Can’t people read?

Balfour, Adam
Human Factors Solutions AS

adam@hfs.no

In the Norwegian petroleum industry, one of the drivers for the use of Human Factors and Ergonomics
(HF/E) expertise is “The Regulations”. But what are “The Regulations”, which ones apply to
modifications or new installations, which ones apply to mobile units, fixed installations or onshore?
What is the relationship to EU Directives, 1SO standards, CEN and ETSI standards, industry (Norsok)
and company standards. Who are the end users of “The Regulations” and how will they be used in
practice? Are “The regulations” adapted to the end users and their usage?

Resolving these these, and other related issues, are a precondition to successfully deploying HF/E
knowledge in the Petroleum industry, and for the industry to realise the potential benefits that HF/E
can provide.

The presentation provides a hierarchy of requirements, reviews some examples from “The
regulations”, identifies some of the challenges with regulations and then illustrates alternative ways of
presenting HF/E requirements.
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Introducing an ergonomic risk indicator used in the oil and gas industry.
The Petroleum Safety Authority Norway’s approach to operations with high risk
regarding develop musculoskeletal pain.

Hilde Heber, Petroleum Safety Authority, hilde.heber@ptil.no
Ola Kolnes, Petroleum Safety Authority, ola.kolnes@ptil.no

Introduction

The purpose of the paper is to introduce an ergonomic risk indicator that the Petroleum Safety
Authority Norway (PSA) has developed in cooperation with experts from the oil and industry. In
Norway musculoskeletal diseases are the most important cause to sick leave and disablement.

The petroleum regulations state that the employers shall ensure that the work is arranged so that
the employees are not subjected to adverse strain as a consequence of manual handling, work
position, repetitive movements, work intensity and similar. PSAs aim is to contribute to risk reducing
measures being targeted towards the groups with the greatest needs and within areas where the
measures will have the greatest effect.

The indicator was developed in 2009 and launched — as a pilot to the industry in the spring 2010.

Methodological approach:

e A form for evaluation of ergonomic risk was developed in cooperation with experts from the
industry. The form was based on knowledge and results from the report; Work factors in the
causation of musculoskeletal disorders, status 2008 ,written by the National Work Environment
Institute, Norway, for the Norwegian Labour Inspection Authority and the PSA.

e The forms were sent to duty holders, rig operators and onshore gas facilities. They were asked to
evaluate two work tasks with high risk regarding developing musculoskeletal deceases
performed frequently and with some duration for each of the workgroups listed below, working
at onshore/offshore facilities.

e PSA predefined six job categories in cooperation with the ergonomists in the industry:

Catering — mechanics — roughneck — scaffolding — surface treatment — process operator.

e The companies were asked to include ergonomic competence in the evaluation.

e The companies were asked to use the Regulations on heavy and monotonous work with
guidance and consider the factors; working position, variation/ repetitiveness, lifting and use
of hand operated tools. They were also asked to do a total evaluation of the task and the follow-
up.

Results:
e 350 forms were received.
e Theindicator give an overview of some of the risky work tasks for each group
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e Some work tasks are more frequent reported to represent a higher risk regarding developing
musculoskeletal deceases.

e Offshore gas facilities report a higher risk than offshore installations.

e The indicator does not give us a full picture of the risk for each group. For some of the groups
there might be a lot of other tasks giving a high risk.

e The indicator represents a simplification — the companies need to have a more detailed approach
to ergonomics exposure assessment and management.
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Physical workload in Rope Access Technique

A.P. Louwe Kooijmans, Occupational Hygiene Solutions, alk@ohs.no
H.Heber, Petroleum Safety Authority, Hilde.Heber@ptil.no

In October 2009 a preliminary survey into physical workload during rope access work
was conducted by Occupational Hygiene Solutions as part of an audit together with the
Norwegian Petroleum Safety Authority).The use of industrial Rope Access Technique has
increased during the last few years. The outcome of this survey showed that rope access
work is physically straining and possibly exceeds health limits. The effect of being
suspended for a longer period is unknown and the consequences on the assessment of
physical load of the spine and the extremities are also uncertain. Therefore, it is
necessary to carry out further research on health effects and biomechanical and
energetic consequences.

1. Introduction
Rope Access Technique for industrial purposes was introduced in the early 1990’s. In the mid-
1990’s branch organizations like the Industrial Rope Access Trade Association (IRATA), an
international UK-based organization, and the US-based Society of Professional Rope Access
Technicians (SPRAT) were established. In 2000 Samarbeidsorganet for Tilkomstteknikk
(SOFT) was founded in Norway, and currently over twenty companies are members.
In the early days, it was mainly rock climbers and mountaineers that were recruited as rope
access technicians. They were then trained in additional skills like welding and surface
treatment. Economic advantages became clear: in many cases, building expensive scaffoldings
could be replaced by using rope access technique. Rigging up takes relatively little time, and it
requires little equipment in places that are difficult to access by traditional scaffold reach. The
main tasks that are being performed by rope access technicians in the oil industry nowadays are
welding, surface treatment (grinding, sandblasting, needle scaling, and painting), inspection and
removing and applying insulation materials.

The last decade has shown a substantial increase in the use of rope access technique.
The IRATA Work and Safety Analysis report for 2008 (Robbins 2009) shows an increase over
30 % of worked hours amongst their members, compared to 2007. Offshore work predominates
with 54,8% of worked hours. Other rope access applications include window cleaning, building
facade inspection and more recently, maintenance and repair of wind turbine installations.
Although information on overall numbers of rope access technicians is not available, the known
figures show that there must be some thousands of workers performing rope access technique in
Europe alone. The increased demand for rope access workers effects the composition of the
rope access technician population; new rope access workers are being recruited amongst
craftsmen. These craftsmen often have no climbing skills and they need to be trained in
climbing technique. A growing part of the rope access technicians therefore have less physical
skills and climbing experience than the initial group had when they started their careers as rope
access technicians.

2. Objectives

In October 2009 a preliminary survey into physical workload during rope access work was
conducted on an offshore installation. The context for this survey was an audit on so called
“Risk Exposed Groups” (RUG) by the Norwegian Petroleum Safety Authority (PSA).
Occupational Hygiene Solutions assisted PSA in this audit and performed the survey.

The aim of PSAs ongoing RUG-project is to identify groups of employees within the
Norwegian oil industry who are exposed to risk, and to a greater degree focus on how various
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external conditions affect risk (Petroleumstilsynet 2008). Both operator and contractor
companies are being involved in these audits.

3. Method

Starting point for the audit was the search for and examination of documentation that was
available. Reports on risk assessments that possibly had already been conducted by the operator
or the contractor were requested and if at hand examined as well as the PSA’s report.

A literature search on rope access was performed on the following databases: Google
scholar, Google, PubMed, Cochrane organisation, Science Direct. Search terms used (combined
or separate) were: rope access, physical load, climbing harness, tilkomstteknikk, rope climbing,
suspended climbing.

Semi-structured interviews were held with HSE-management of the companies. The
workers who were performing the tasks were interviewed offshore. Based upon these interviews
a task analysis was carried out. A limited part of their tasks was then observed.

The method chosen for the assessment was ErgoRisk, OHS Risk Assessment software. This
method is developed from the Quick Exposure Check. ErgoRisk was chosen because it suited
the circumstances in which the observations were carried out. The results serve as coarse
indictors for musculoskeletal heath risks (David et al. 2005, Takala et al. 2010, Torsteinsen et
al. 2008).

4. Results

4.1 Literature, reports and internet search

An internet literature search on HSE aspects of Rope Access Technique was performed. Many
documents, standards and guidelines concerning accident safety were found, but none on health
effects resulting from physical workload in rope access work (Morken et al. 2007).

A well documented accident related condition is the Harness Suspension Trauma (HST) where a
so called orthostatic syndrome occurs (Seddon 2002). This condition has potentially fatal
consequences. HST mainly occurs as a result of being upright and motionless after fall arrest
and during post-fall suspension. The physiological mechanism for HST is triggered by blood
stagnation in the lower limbs. A survey amongst IRATA member workers shows that symptoms
of this syndrome are not reported by rope access technicians. Two possible explanations for this
are being suggested. One explanation might be that rope access workers pay more attention to
well fitted and comfortable harness than workers who only have a safety harness on, do. The
second explanation could be that rope access workers have regular movement of the lower
limbs thus keeping the muscular blood pump activated.

4.2 Information from branch organizations and occupational health services
Enquiries made to organizations such as SOFT, IRATA and SPRAT, showed that no research
on physical workload or resulting health effects were known. Subsequently, no guidelines exist
for instance for duration limits for working whilst being suspended. IRATA has considered a
project to look into the effects of long term use of being suspended in harnesses, but it is unclear
whether this project will be carried out. Only a Swiss insurance company hamed SUVA deploys
prevention activities and has developed a training program related to aspects of physical
workload in Rope Access Technigue. However, this program is mainly based upon general
ergonomic standards. Recently, a body support harness that will be tested by SUVA is being
developed.

The occupational health services that are hired by the companies that were involved in
this audit had not performed health checks on musculoskeletal complaints related to
occupational exposure among the rope access technicians. Data on musculoskeletal complaints
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are therefore lacking. As far as any general data on workers health were available these were
neither collected nor documented in a standardized way.

4.3 Results from observations of the tasks and interviews with the workers.

The assessment on board the installation was carried out by observation and interviews. A
limited part of their tasks performance was observed. Old insulation materials including the
metal cladding were removed and lowered down. Inspection was done. New materials were
hoisted up, put onto the pipelines and covered with new metal sheet cladding afterwards.

During the observations and interviews the following issues became apparent;

Although one of the claimed advantages of rope access technique is that it offers great
flexibility to choose a good position in relation to the physical task area, during observation of
these tasks a different picture emerged. Instead the position on the rope was kept the same as
much as possible and the spine and extremities were placed in extreme positions in order to
reach far off areas. Positions with the torso hanging horizontal with the head down were
observed.

When applying manual force, e.g. when holes need to be drilled or cladding is torn off
the pipelines, it is necessary that the spine is in a stabile position and that it can take up the
forces being exerted. Therefore the pelvis must be stabilized first. This is being realized by
pushing or pulling with the legs against installation parts or curling the legs around them. A co-
contraction of all the large muscle groups then allows the upper extremities to exert the forces
needed. The same mechanism applies for precision tasks like welding or drilling.

The interaction between physical workload and exposure to other risk factors needs
consideration as well. For example the postures taken because the workers tried to avoid
exposure to the fibers being released when taking off the old insulation, were provoked by the
lack of proper personal protection gear (dust mask).

The climbing itself is energetically very demanding according to the workers. Besides
crawling between and climbing over pipelines, ascending a rope requires the body weight being
lifted by one leg. It depends on the situation whether climbing up a rope needs to be done often.
During the observation a remarkable difference in climbing technique was seen between a rope
access worker with a mountaineering background and a worker with a craftsman background.
The climber showed to be more agile and technically (and therefore possibly also energetically)
more efficient. When considering relevant parameters like duration and recovery time it must be
taken into account that shift duration is twelve hours in offshore situations.

4.4 Assessment
Physical workload was assessed by performing a coarse task analysis, by using ErgoRisk (OHS
Risk Assessment software) as a coarse assessment instrument. This method has, like any other
method, serious limitations for this specific situation (being suspended instead of standing or
sitting). Despite these limitations it became clear that, depending on the actual situation and on
the additional task that is being performed, Rope Access work is physically very straining and
possibly exceeds health limits.

The ErgoRisk results showed an increased risk for musculoskeletal complaints of the
lower spine, the neck and the shoulders and upper arms.

5. Discussion

5.1 Validity.

The main problem, where validity of the assessment is concerned, is that acknowledged
assessment methods are based upon the assumption that a position is taken where people are
standing or sitting on a stabile surface (Chaffin et al. 2006, Mital et al. 1994, Peereboom and
Huijsmans 2002, Takala et al. 2010, VVoskamp et al. 2009). Some methods are for instance
based upon biomechanical modeling. Being suspended from a harness will mean that the
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equilibrium will be determined by the position of the harness attachment point and by the centre
of gravity of the whole body. Looking at different movements and postures of the torso, the
position of the harness attachment point may influence the spinal load moments occurring when
bending forward or backward. For postures and movements of the spine the biomechanical
effects of being suspended may therefore be significantly different when compared to an upright
standing position. As soon as the legs are being used for support and balance, the forces model
will change.

The biomechanical model for determining the resulting load moments for the upper
extremities might be less complex but these moments might be coupled to completely different
joint positions compared to those assumed in acknowledged assessment methods.

Additionally, climbing into ropes and being suspended could have serious physical
effects in itself both energetic and biomechanical.

5.2 Health effects

The second problem we are facing arises when we look at the current knowledge of health
effects (Morken et al. 2007). The short term effect of being suspended for a longer period is
unknown and the consequences this has on the assessment of physical load of the spine and the
extremities is also unknown. Long term health effects are unknown either for several reasons.
First of all, Rope Access Technique is a relatively young branch. As a result neither any specific
data on health effects nor any base line data are available. Secondly, there has been a shift in the
professional background within the population; in the beginning the population of Rope Access
Technicians contained many rock climbers and mountaineers who had learned additional skills,
nowadays there are many craftsmen who are learning to climb. Exact data on population
composition (background, experience) are not available at this moment. This may result in
unstable results in time when long term health effects are considered.

6.Conclusions

Considering the results of the audit and of the findings regarding the existing knowledge on
effects of physical workload in Rope Access Technique, conclusions are clear. It is important to
map and assess the health risk connected to Rope Access Technigque. However, for all the
reasons mentioned above, it will be necessary to gain more knowledge before accurate mapping
and assessment of physical workload will be possible. Developing biomechanical models,
laboratory and field research on energetic load, maybe epidemiological studies might be needed
in order to try to establish exposure limits.

Physical workload in Rope Access Technique therefore presents many questions at this
current time. Developments within the Rope Access Technique branch will result in an increase
of the number of workers being exposed. Therefore, it is necessary to carry out further research
in order to find the answers.
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1. Introduction
The purpose of this paper is to present results from a wide range of regulatory activities conducted by
the Petroleum Safety Authority Norway (PSA) in approaching one of this regulator’s main priority
areas (2007-2010): Groups exposed to risk. The paper emphasises the PSA’s regulatory approach in
promoting sound risk management processes for groups exposed to a risk of suffering injury or
occupational illnesses within the oil and gas industry. Moreover, the paper demonstrates how the PSA
promotes a comprehensive perspective on risk management processes. The paper shows how the PSA
has put effort into increasing awareness of how environmental framework conditions, e.g. for
organising and subcontracting, influence risk and risk management processes. The traditional
approach to HSE risk within the petroleum industry is to manage risk factors separately or in relation
to specific areas such as drilling. The weakness of such an approach is that the total risk exposure for
employee groups involved in different work tasks at different work sites is not identified.

The PSA’s aim is to contribute to a risk-based approach in relation to groups exposed to risk, which
implies that the groups with the highest risk are the groups that receive the most effort in managing
risk within the companies.

2. Methodological approach
The paper is based on the results of a wide range of regulatory activities during the period 2007 —
2010. Data collected from the following activities are applied:

1) System audits conducted in 2007 to 2008. The PSA carried out system audits through
meetings and interviews with eight pairs of operators and contractors. The system audits
emphasised how the companies identified and assessed risk and implemented risk reducing
measures for the groups exposed to this risk. These audits were to a large degree based on the
companies self-evaluation. In the same period, the PSA conducted audits involving
verification and interviews at four onshore facilities

2) System audits conducted in 2009 involved observations, verifications and interviews on four
offshore installations and one onshore facility. The PSA also carried out system audits
directed toward an operator and a diving contractor. The diver audit did not involve
verification offshore. Four operators and eight contractors were involved in the audits in 2009.

3) Risk profiles developed for groups exposed to risk regarding occupational illness and injuries
were based on juxtaposition of different databases, workshops and mapping/research
activities. The PSA was assisted in this work by the International Research Institute Stavanger
(IRIS) (Petroleum Safety Authority Norway 2001, 2005, 2006, 2007a, 2009), Sintef (Haugan
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et al 2007, 2009a, 2009b) (Petroleum Safety Authority Norway 2007b) and Organizational
Hygiene Solutions (OHS) (Louwe Kooijmans 2009, Nordhammer et al 2009).

4) Literature reviews of environmental framework conditions and their relation to HSE risk. This
study was conducted by Sintef (Rosness et al 2009).

5) Qualitative study of the implications of environmental framework conditions and their relation
to HSE work. This study was conducted by Sintef (Petroleum Safety Authority Norway 2009).

Most of these studies have been conducted for the PSA and published in the PSA’s publication

“Trends in risk level in the Norwegian petroleum activity (RNNP)".

3. Results

3.1. Differences in risk exposure

The results show that there are differences in risk exposure between groups of employees within the
Norwegian oil and gas industry. This relates to both occupational illness and injuries. The
juxtaposition of data from RNNP shows that certain groups report more work-related health injuries
than other groups. Groups of employees such as well intervention workers, insulators and scaffolders
also systematically differ in relation to their experience of organisational climate and different
environmental framework conditions (Haugan et al 2009a, 2009b, Louwe Kooijmans 2009,
Nordhammer et al 2009, Petroleum Safety Authority Norway 2001, 2003, 2005, 2006, 2007a, 2007b,
2009).

As part of its audits, the PSA challenged the industry to identify groups that are most exposed to risk
based on the company data and data from e.g. the PSA’s RNNP. During the period 2007 — 2009, the
following groups were identified by the companies or by the PSA:

e Groups employed by the operator: Mechanical workers, technicians, managers and industrial
cleaners

e Groups employed by contractors: Well intervention workers, surface treatment workers, drill
floor crew, plumbers, scaffolders, welders, cementers, divers, catering workers, rope access
technicians and insulators

RNNP data showed differences between groups as regards their experience of occupational illnesses,
completely or partly caused by work activities. The results from the developed risk profiles (Haugan et
al 2009b) showed that employees working in surface treatment are exposed to risk factors such as
noise, vibrations, strain related to working position, dust and chemicals. The table below shows that in

! Trends in risk level in the Norwegian petroleum activity (RNNP). Results are presented in annual
reports published by the Petroleum Safety Authority Norway (PSA) since 2000. The mapping of the
risk level in Norwegian petroleum activities comprises major accidents, work accidents and certain
working environment factors. The methodology aims at highlighting developments in risk levels from
several angles using different methods such as incident indicators, barrier data, indicators for noise,
chemicals and ergonomics, interviews with key personnel, work seminars, field work, in addition to a
large questionnaire survey every other year.
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2005 (Petroleum Safety Authority Norway 2005) 25% of the surface treatment employees reported
hearing loss compared to 14% in the total population offshore. Within surface treatment, 36% of the
employees reported pain in the neck and shoulder region compared to 25% of the total offshore
population. Surface treatment employees also experienced more injuries related to skin and bronchia.
Personal Safety Equipment (PSE) is often the single barrier within the area of surface treatment.

In 2005, scaffolders and insulators also reported a higher degree of work-related illnesses compared to
the total offshore population. The results show that 21% of scaffolders reported a work-related hearing
loss compared to 14% of the total offshore population. 45% of the scaffolders reported
neck/shoulder/arm pain related to their work situation, compared to 26% of the total offshore
population. Moreover, 34% of the scaffolders reported backaches and 38% reported pain in knees and
hips, while 17% and 18% of the total offshore population reported this type of pain (see table below).

Catering personnel make up another potential group exposed to risk that reports a higher degree of
ergonomic strain. The results from 2005 show that 34% of catering personnel reported neck and/or
shoulder pain that they felt was related to their work situation, compared to 26% in the total offshore
population. Also, 22% of catering personnel reported backaches, compared to 17% of the total

offshore population.

The results also show differences between groups in relation to other HSE factors reported in RNNP.
A study conducted by IRIS as a part of RNNP (Petroleum Safety Authority Norway 2006) showed that
well intervention employees had the most negative score on several HSE factors in RNNP, such as
their experience with HSE management, HSE prioritising, recreation and social support. Results also
show that within well intervention, employees are exposed to chemicals, ergonomic strain and noise.

Employee groups also differ as regards serious personal injuries reported to the PSA. During the
period 1996 — 2006, the most personal injuries were reported within the drilling and well operations

area.

Table: Risk level 2005 and 2007 (in brackets)

Experience of
health injuries
completely or

partly caused by

Experience of
health injuries
completely or

partly caused by

Experience of
health injuries
completely or
partly caused by

Experience of
health injuries
completely or
partly caused by

work work work work
Scaffolders Surface Insulators Total offshore
treatment population
workers
Hearing loss 21% (14.3%) 24% (11.2%) 15.4 % (9.8%) 14% (10%)

Ringing in the ears,
Tinnitus

18% (12.1)

22% (14.0%)

12.8 % (13.4%)

11% (8.3%)

Headache 16% (13.0%) 17% (12.1%) 16.4 % (6.2%) 10% (7.3%)
Neck and shoulder | 45% (29.3%) 36% (30.6%) 32.5 % (19.5%) 25.5 % (14.7%)
pain

Back pain 34% (28.8%) 28% (16.7%) 24.8 % (12.2%) 16.4 % (9.4%)
Knee and hip pain | 38% (24.2%) 34% (23.1%) 31.9 % (13.4%) 17.6 % (9.4%)
Eye affliction 6% (6.8%) 7% (4.6%) 4.3 % (3.8%) 4.1 % (3.1%)
Skin decease 10% (9.2%) 18% (11.1%) 13.7 % (4.9%) 12.5 % (7.6%)
Allergic reaction, 6% (3.0%) 12% (6.5%) 7.7 % (2.4%) 5.9 % (3.1%)
hyper-sensitivity

Bronchia affliction | 6% (2.3%) 8% (3.7%) 6% (6.1%) 5.5 % (3.1%)
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The table shows the percentage of scaffolders, surface treatment workers and insulators that reported
different work related illnesses in RNNP 2005 and (2007 in brackets) compared to the total offshore
population. As the table shows, there has been a percentage reduction within these three employee
groups that reported health injuries from 2005 to 2007. The total number of respondents was 9,798 in
2005 and 6,722 in 2007.

In 2005, there were 158 respondents from surface treatment, 212 from scaffolding and 116 from
insulation. In 2007, there were 108 respondents from surface treatment, 132 from scaffolding and 82
from insulation.

The results from the different regulatory activities demonstrate that contractor employees generally
have a higher risk of being exposed to different working environment factors compared to groups
employed by the operators. Within the contractor segment, we find employee groups such as surface
treatment, scaffolders, catering and well intervention. Moreover, the environmental framework
conditions for the contractor groups may also have negative effects on how these groups are monitored
and taken care of by their employer. Some of the contractor groups do not have one stable workplace
since they travel between different installations on the Norwegian continental shelf and between
different onshore facilities. These groups are the so-called “nomads”, due to their status as travellers
between diverse workplaces for various commissioning parties. This situation could influence the
ability to perform sound risk management processes for these groups of employees. Other
environmental framework conditions such as subcontracting could also lead to challenges related to
communication of roles and responsibilities and challenges related to securing a sound manning level
and resource situation for contractors at different levels within in the hierarchy of players in the oil and
gas industry.

3.2. Differences in risk management processes

It is a paradox that observations from PSA audits showed that contractors (with some clear exceptions)
to a lesser degree than operators managed to identify and implement risk reducing measures for groups
exposed to risk. The findings indicated that groups most exposed to risk, received the poorest effort
from their employers in managing risk. Two audits conducted by the PSA in 2005/2006 addressing
risk management within catering confirm this observation. The results showed that catering employees
working for a contractor were more exposed to working environment risk and that their HSE
management system had weaknesses compared to the operator’s system.

The system audits conducted in 2007 — 2009 identified weaknesses in the contractors” HSE
management systems related to:

¢ Identification and assessment of risk exposure to working environment factors
e Training of and information to employee groups concerning relevant risk factors
e Implementation of improvement measures

It was an overall observation that the industry, prior to the PSA’s audits, rarely had applied a
comprehensive perspective on HSE risk when mapping and assessing the risk of negative health
effects and injury for their employee groups. Even though the operators did have extensive
information from mappings and risk assessments, this information was scattered and the total exposure
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for employee groups was consequently not assessed. The audits also showed that the communication
was unclear in some cases, partly due to the distribution of responsibility between operator and
contractor. In some instances, the operator had carried out mapping activities that included contractor
groups, however, the results from these activities were not communicated to the contractors.

Secondly, the results showed that for many contractor groups, the mapping and risk assessment of the
different working environment factors were lacking and/or of poor quality. The contractor companies
had not, or had only to a limited degree, mapped relevant risk factors related to the work operations
carried out by their employees offshore and onshore. The results indicated that this was due to lack of
competence or insufficient use of the Occupational Health Service. For instance was the risk of
exposure to noise and vibration from hand-held tools often not identified and assessed, and noise
introduced by the employer’s work was consequently not assessed in relation to other noise sources.
Identification and mapping of ergonomic strain was, if carried out, often of an overall character and
not related to the actual work operations performed by the different employee groups. This is a serious
situation, given that several of the contractor groups such as scaffolders, surface treatment workers and
catering personnel, report a very high degree of repetitive strain injuries.

The lack of a comprehensive approach and overview of relevant risk factors led to insufficient training
and information flow concerning relevant risk factors. In some of the audits, contractor companies
could not demonstrate that the employees had received any relevant training and information
concerning risk factors relevant to their working environment.

The audits also showed that the lack of knowledge about relevant risk factors caused difficulties
related to the implementation of risk-reducing measures. Measures, such as time limitations or work
rotations for certain hazardous work operations, were not being considered or implemented due to the
lack of knowledge concerning actual exposure. Requirements for time limitations for tasks involving
ergonomic strain could, for instance, be a measure to reduce the risk of developing strain injuries.

In the audits, the PSA challenged both contractors and operators to consider the effects of the different
environmental framework conditions on risk exposure. The differences related to HSE management
between contractors and operators indicated that contractors may work under different environmental
framework conditions as compared to the operators. The results showed that there was low awareness
within the oil and gas industry on how different environmental framework conditions, such as
extensive subcontracting, capacity, competence, and organisation can influence the contractor’s ability
to manage risk as well as the operator’s ability to ensure an acceptable risk level. Measures to improve
framework conditions were consequently considered to a limited extent.

3.3. Regulatory strategy

Due to the observed differences between operator and contractor groups, the PSA has targeted the
supervisory activity toward contractor companies within this area. In 2009, the PSA ordered some
contractors to improve their HSE management effort toward groups exposed to risk. Moreover, the
PSA has been involved in information dissemination activities to improve the risk management
processes within the contractor segment in order to improve the ability to identify and follow up
groups exposed to risk.

The lack of awareness within the oil and gas industry related to how environmental framework
conditions influence risk led to engaging a research institute to perform a literature study in order to

NES2010 B2-13





B2- Risk groups and ergonomic indicators in the petroleum industry

clarify the concept of environmental framework conditions and how they relate to HSE management.
The PSA has also focused on the relationship between environmental framework conditions and risk
in different supervisory activities and in RNNP 2009. In 2010, the PSA is carrying out a project
aiming to further develop the regulatory approach in order to understand and assess the implication of
environmental framework conditions on HSE risk and risk management.

4. Conclusion

The results show that the risk of suffering injury or occupational illnesses varies between different
groups of employees within the Norwegian oil and gas industry. Contractor groups have a higher risk
of exposure to different working environment factors compared to groups employed by the operators.
Communication between operator and contractor is often inadequate, while the responsibility for
surveys and measures is unclear. Moreover, the results show weaknesses related to several of the
contractor companies’ HSE management systems.

The findings indicate that groups most exposed to risk receive the poorest risk management effort
from their employer. We also found that there was little awareness within the industry as regards how
different environmental framework conditions influence risk and risk management. The PSA will
continue to focus on environmental framework conditions.
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Work Environment Authority
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Market surveillance is the tool used by public authorities to ensure that products comply
with the requirements found in Communitiy harmonisation legislation. In this article we
give an introduction to market surveillance — why there is need for it, when it is done and
how it is carried out at the Swedish Work Environment Authority. How ergonomics can
be considered in Market Surveillance is exemplified with two cases.

1. Introduction.

Market surveillance (MS) is a complex area where many factors have to be considered but
particularly EU legislation and standardisation are important. MS has received much more
attention in the last years since it is the tool national authorities can use to stop or change
products placed on the market that are not safe or unhealthy. The previous system used by the
authorities with a prior approval of the products no longer applies to products covered by the
Product Directives. In Sweden the Swedish Work Environment Authority (SWEA) is
responsible for several MS areas.

1.1 What is Market surveillance?
In EU regulation “market surveillance’ shall mean the activities carried out and measures taken
by public authorities to ensure that products comply with the requirements set out in the relevant
Community harmonisation legislation and do not endanger health, safety or any other aspect of
public interest protection. Swedish regulation has the same definition as EU but have also added
non-harmonised products.

MS is aimed towards producers of products and not towards employers that use products in
their business. This means that SWEA can and should carry out MS activities on consumer
products which is not traditionally an area of inspection.

1.2 Why is there a need for market surveillance?

Authorities are, based on political decisions, obliged to organize and carry out MS in a
sufficiently efficient manner and in a sufficient scale to identify products that do not fulfil the
requirements laid down in EU Directives. Also, MS is the tool national authorities can use to
stop or change products placed on the market that are not safe or unhealthy for the user.

MS is not only used to protect workers, consumers and other users' safety and health but also to
ensure a fair competition between companies.

NES2010 B3-1





B3 Work Environment Authorities

2. Methods
The Swedish Work Environment Authority (SWEA) carry out MS in the following product
areas (see table 1).

Products in the harmonised area European Directive | Swedish legislation

Machinery 2006/42/EC AFS 2008:3

Personal Protective Equipment 89/686/EEC AFS 1996:7

Simple Pressure Vessels 87/404/EEC AFS 1993:41

Products for use in explosive atmospheres 94/9/EC AFS 1995:5

(ATEX)

Pressure Equipment 97/23/EC AFS 1999:4

Products in the non-harmonized area

Ladders, scaffolding, bolt guns etc AFS 2004:3,
1990:12, 1984:3

NES2010

Table 1.

In general it is easier to exercise MS in the harmonised area since there are European standards
(EN) that are based on the European Product Directives. In the non-harmonised area it is more
difficult since there are national legislation and requirements that differ between the countries.
Also, the principle of free movement of goods restricts the national authorities to apply their
requirements and legislation on products certified in another country within the Union.
Furthermore, authorities must proof that a product is unhealthy or unsafe. This is not the case
with products in the harmonised area.

2.1 Proactive and reactive market surveillance
There are several ways how to carry out MS. These approaches can be categorised into reactive
and proactive MS. Even though proactive MS sounds very preventive still it is used when a
product is released on the market (and might have been on the market for years). This means
that a producer has spent one or more years on product development defining the product,
investing in production tools, certification and marketing before MS authorities intervene.

A reactive MS activity can be initiated in many ways. During inspection at companies
products can be discovered that do not fulfil the requirements in the product directives.
There are situations where employers/femployees/safety representative report a bad product that
might have created sick leaves and/or accidents. Sometimes media take up problems with unsafe
or unhealthy products where SWEA has to react swiftly. MS efforts are also made in respect of
past accidents or incidents, or when competitors or notified bodies report products.
There are two data bases, RAPEX (EU rapid alert system for all dangerous consumer products)
and ICSMS (information and communication system for the pan-European Market Surveillance
of technical products) that are set-up in the European Union. Reported products in these data
bases are coming from other countries in the European Union and should be investigated by
SWEA to see if they exist on the Swedish market and if so be stopped.

SWEA carries out proactive MS through various interventions aimed at different types of
products and/or operators. Proactive MS is in some cases a pan-European project and some
cases a national project with other national authorities but can also be carried out by SWEA
alone. What, when and how products should be scrutinised are carefully planned. Efforts are
made to investigate the complete market including dealers or lessors, distributors, mail order
companies, web sales, fairs and exhibitions.
Products imported to Sweden from a third country (i.e. outside EEC) can through proactive MS
co-operation with the Swedish Customs be investigated before it is released in the market.
Withdrawal of European standards (published in the Official Journal of EU) can also be a
source that can initiate a MS activity.
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2.2 How can ergonomics be considered in market surveillance activities?
On the coming pages we will discuss MS in the harmonised area. A good practise to introduce
ergonomics in MS activities is to use existing ergonomics standards. In the harmonized area
there are several ergonomics standards connected to EU Product Directives. Most of these
standards are connected to the Machinery Directive (totally 22 ergonomics standards) and they
cover the following areas:
- ergonomic design principles (EN 614, part 1-2),
- ergonomics requirements for the design of displays and control actuators (EN 894, part 1-3)
- manual handling, force limits and evaluation of working postures in relation to machinery,
risk assessment of high frequency repetitive handling (EN 1005, part 1-5)
- human body measurements for access into machinery, access openings and anthropometric
data (EN 547, part 1-3)
- computer manikins to be used in software — general requirements, verification of functions
and validation of dimensions (EN ISO 15536, part 1-2)
- anthropometric requirements for the design of workstations at machinery (EN 14738)
- basic body measurements for technological design (EN 7250)
- auditory and visual danger signals (EN 842, EN 981, EN 7731)
- integral lighting of machines (EN 1837) and
- methods for the assessment of human responses to contact with surfaces (EN 13732, part 1)
The reason why they exist is because of some clauses in the Machinery Directive (Annex 1:
clause 1.1.6 Ergonomics, clause 1.1.8 Seating and clause 1.2.2 Control devices) where
ergonomics issues are mentioned.
There is also one ergonomics standard connected to the Personal Protective Equipment
Directive — Guidance standard on ergonomic characteristics (EN 13921).

2.3 Ergonomics Case studies
In the last years several proactive MS projects have been carried out at SWEA e.g. sawmills,
ladders, bolt guns, lifting slings/straps. The projects have dealt with safety issues. In the area of
ergonomics many MS cases have been discovered during inspections (reactive MS) where
employers/employees/safety representatives or inspectors have reported unhealthy conditions
when working with products. Two cases are described below — vacuum filling machine and
packaging machine.
2.3.1 Vacuum filling machine
During an inspection 2008 it was discovered that some of the operators using a vacuum filling
machine could not release the scraper in the machine. They could not reach it since the scraper
was 700 mm from the edge of the container.
It was discovered that the machine was not in compliance with several requirements of the
Machinery Directive (98/37/EG annex I):

- clause 1.2.2.d "discomfort must be reduced to a minimum”

- clause 1.7.4 a "instruction including informations for use”
The design of the machine made it possible only for persons exceeding 1,90 to reach and
dismantle the scraper (see figure 1).
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Figure 1. ' Figure 2.

The solution by the manufacturer was to design a handle that made it possible for all operators
to release the scraper (see figure 2).

2.3.2 Packaging machine

At another inspection the same year at a food production company it was discovered that the
operator of one of the packaging machines had difficulties when loading the infeed magazine of
the machine. This was reported to the MS unit at the head office of SWEA. This started a MS
case. It was discovered that the machine was not in compliance with several requirements of the
Machinery Directive. As previous case the packaging machine had difficulties complying with
clauses 1.2.2 d and 1.7.4 a in the Machinery Directive.

and standard EN 292-2 Basic concepts, general principles for design:

- clause 3.6 observing ergonomic principles in design of the machine”

- clause 3.6.1 "avoiding stressful postures and movements during use of the machine”
After correspondence and discussions with the manufacturer of the packaging machine the
following actions were taken:

- Improve the instructions for use

- Review and update the manuals for installation and operation with information about

how to avoid ergonomic hazards

- Redesign of the infeed magazine on new machines (see figure 3)

- Machines already on the market are offered an extension of infeed line for free

- The manufacturer has formed a working group to review corporate standards on

ergonomics
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Improved Operation Ergonomics
B —

Operator need
to stretch 0.75 m
over L1 to load
L2, causing high
strain on lower
back

Today

One Infeed
design add
unwrapping
table behind L2
magazine table,
that enable the
operator to load
L2 without back
strain

New solution

Figure 3.

3. Discussion/conclusions

In reactive MS, where problem are reported by inspectors, more knowledge concerning
ergonomics is needed to discover the more soft areas of MS and not only missing guards and
protective devices.

17 authorities in Sweden conduct MS and there are situations where co-operation is needed
e.g. where the responsibility for products are unclear. In the near future there will be even more
national co-operation between MS authorities e.g. The Swedish Consumer Agency, The
National Electrical Safety Board, The National Board of Housingt and especially with the
Customs (MS of products from outside EEC). This co-operation could be done through The
Market Surveillance Council.

In the future there will probably be more ergonomics standards that are harmonized with
the product directives. This makes it easier for MS authorities to carry out supervision including
ergonomics.

Also, European co-operation will increase (Prosafe etc) and improve and possibly global
co-operation — but that is not in the near future. To finish off - is MS done in a more efficient
way if there is one Market Surveillance Authority?
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ERGONOMIC KNOWLEDGE DOCUMENTS
A brief introduction to work factors that can cause musculoskeletal problems.
Anne Langedrag and Monica Brox
physiotherapists/inspectors

The Norwegian Labour Inspection Authority (NLIA)

NLIA has made knowledge documents, which give a brief overview of the most
common ergonomic challenges that can cause musculo-skeletal disorders. Seven knowledge
documents are already published on the internal website of NLIA, seven more are being
developed. They are designed to be precise and practical, and are useful both for professionals
who advice and supervise working conditions, as well as for employers. The documents will
soon be published on NLIA’s official webpages.

Background

The Norwegian Labour Inspection
Authority is a governmental agency under
the Ministry of Labour and Social
Inclusion, focused on occupational safety
and health. Laws and regulations are the
foundation of all activities, but we also
have a duty to provide guidance.

Musculoskeletal disorders (MSD) are the
most frequent cause of sick leave and
permanent disability in Norway. To control
how the employers prevent development of
MSD among their employees, and to give
adequate information about this, is of our
top priorities. In that aspect, the network
that is specialised in ergonomics has
developed knowledge documents which
give a brief introduction to different work
factors that can cause MSD. The topics are
chosen because they are all known to be
relevant for developing MSD.

Purpose

The purpose with the documents is to give
a brief introduction to common ergonomic
challenges at workplaces. The documents
are designed to be helpful for every Labour
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Inspector, by giving information about a
topic which is comprehensible for all, not
only for specialists.

Process

The work was initiated and coordinated by
a joint working group, specialised in
ergonomics, within the NLIA.

Persons with the relevant competence were
asked to work together and prepare drafts
for a knowledge document on their
particular topic. Thereafter, the drafts were
reviewed in local working groups, and in
the joint working group which coordinated
the inputs. The knowledge documents have
also been reviewed by an occupational
medical physician.

Presentation of the knowledge
documents

NLIA has finished and published seven
documents and seven more will be finished
by the end of 2010.

The first seven include:

1. Heavy work/manual handling
2. Repetitive work

3. Difficult working positions
4. Hand vibration
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5. Whole-body vibration
6. Time pressure
7. Computer work

The last seven are:

8. Working in cold environments

9. Health-promotion work

10 Primary prevention by better building
planning

11. Light-conditions

12. Work capacity

13. Cognitive ergonomics (human factors)
14. Static work

Description of the standard outline

The documents are all shaped after a
standard outline. This makes them easily
accessible and practical in use. There are
eight standard items:

1. Authority in law

How the work environment legislation
regulates this particular ergonomic
challenge.

2. Definition.

Definition of the concept/problem, and a
more elaborative description of the
problem.

3. Possible health problems

What kind of health problems may this
cause?

4. What makes the problem worse?
What factors in the working environment
can make this more harmful?

5. What can reduce the problem?

Which initiatives/action can be taken to
reduce the severity of the problem?

6. Which professions/trades are at risk?
7. General conditions which increase
health risk.

These are conditions which are important
at all work-places. This text is identical on
all the knowledge documents.

8. Links to standard formulations

The Norwegian Labour Inspection
Authority intends to be consistent and
predictable in assessment and reactions,
although inspectors always use their
individual expert judgement. To this end,
the internal web-version has links to
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standard texts that can be employed when
legal regulations are violated.

9. References

Here we present references to more
information, like literature, research
reports and webpages.

How to use the documents

In the job as a labour inspector the
documents can be used to obtain quick and
short information on an unknown topic.
This is practical for inspectors who are
going to inspect workplaces with
unfamiliar ergonomic challenges. They can
also be used for a quick update. The tools
are revised at least once a year, and the
information is updated in accordance with
new knowledge and law regulations.
Furthermore, we also believe the
documents can be useful for other
professionals working with ergonomics,
for example personell safety
representatives, occupational health
services and other professionals who
advice and supervise working conditions.

Where to find them

www.arbeidstilsynet.no
Kunnskapsverktay

Summing up

The Norwegian Labour Inspection
Authority has developed information-
sheets for the most common ergonomic
challenges at work-places. They have
received much praise internally in our
organisation.

The ergonomic network will continue
developing relevant information-sheets in
the future.
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How to prevent musculoskeletal problems in nursing homes and hospitals?
Focus on ergonomics in bathrooms

Fossbakk, Olaug Iren
advisor/occupational terapist
The Norwegian Labour Inspection Authority (NLIA)
Olaugiren.fosshakk@arbeidstilsynet.no

This presentation we will show cases from construction applications in nursing homes and
hospitals, and will focus on new knowledge related to ergonomics in bathrooms. This
presentation is based on a study carried out by three members of the Ergonomic Network in
the Norwegian Labour Inspection Authority in 2009.

Background

The Norwegian Labour Inspection
Authority (NLIA) is a governmental
agency under the Ministry of Labour,
focused on occupational safety and health.
Laws and regulations are the foundation of
all activities. NLIA have also guidelines/
instructions for nursing homes and
hospitals among others.

NLIA carries out inspection in relation to
the design of new buildings, as well as in
relation to daily work tasks. Health, safety
and environment, as well as ergonomics,
are issues the authority emphasise. In this
presentation we will show cases from
construction applications in nursing homes
and hospitals, and will focus on new
knowledge related to ergonomics in
bathrooms. This presentation is based on a
study carried out by a working group of the
Ergonomic Network in NLIA in 20009.

Purpose

The purpose was to find some answer
about adequate and practical bathrooms:
Can we accept an area in a bathroom that is
less than the minimum limits offered by
guidelines/instructions? Can we accept
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shorter distance between the toilet and the
washstand than our guidelines/instructions
tells us? If so, what are the consequences
for the assistants and nurses?

Process

The study was based on a complaint from
construction applications.

The working group searched for relevant
literature and had discussions with
specialists in ergonomic — either inside
NLIA or outside NLIA. In example the
working group went for an excursion to a
nursing home in Oslo. This nursing home
had, among others factors, designed the
bathroom with shorter distance between
the toilet and the washstand than our
guidelines/instructions tell us.

Presentation

The presentation is focused on:

e Bathroom in nursing homes and
hospitals based on the guidance of
NLIA.

e Bathroom in nursing homes and
hospitals based on new knowledge
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e Questions to be discussed: Can we
accept an area in a bathroom that is less
than the minimum limits offered by
guidelines/instructions? Can we accept
shorter distance between the toilet and
the washstand than our guidelines/
instructions tells us? If so, what are the
consequences for the assistants and
nurses?

Subject assessment:

e This new bathroom concept and design
seems to lead to independent moves for
the users. The users can frequently
move step by step with adequate placed
grips in the bathroom.

e The users seems to feel more safety
(for accident by falling) when the
distance between the toilet and the
washstand become shorter than our
guidelines / instructions tells us.

e The design of the bathroom with
adequate placed grips and working area
for large remedy - like wheelchair and
large shower chair - is more important
to bring into focus than the volume of
the bathroom.

e Our worst-case-question; adequate
working position and area of work for
overweight and large nurses, showed
us not to be a problem.

e This bathroom concept and design
seems to lighten the load for the nurses
and assistants.
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Summing up

It is important to have an area in the
bathroom which is large enough for doing
the job in an adequate working position. If
we look at the new knowledge, we can see
that the volume is important, but who to
furnish is even more important.

The new knowledge can be founded on
NLIA’s law and regulations. But we have
to discuss correction of guidelines /
instructions.
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Ergonomic Risk Assessment
— The Norwegian Labour Inspection Authority review of methods and tools.

Roar Hellem
Senior Labour Inspector
The Norwegian Labour Inspection Authority
Roar.hellem@arbeidstilsynet.no

The Norwegian Labour Inspection Authority (NLIA) carries out inspection in relation to daily
work tasks. We want the employers to document Ergonomic Risk Assessment. The Risk
Assessment should be done in a systematic way, together with employees’ representatives,
and with the advice from The Occupational Health service. Measures must be considered in
co-operation with the representatives of the employees. The measures are bound to vary from

company to company.

The Norwegian Labour Inspection Authority does not have a practice to asses these
Ergonomic Risk Assessments, and therefore do not have overview over the quality of these
Ergonomic Risk Assessment. The Norwegian Labour Inspection Authority presumes and

experience is that there are the quality varieties.

The evaluation of quality is challenging. This project has given some answers about what
Ergonomic Risk Assessments should at least contain.

Key words: Ergonomic Risk Assessment

Background

The Norwegian Labour Inspection
Authority (NLIA) is a governmental
agency under the Ministry of Labour,
focused on occupational safety and health.
Laws and regulations are the foundation of
all activities.

Musculoskeletal disorders (MSD) are the
most frequent cause of sick leave and
permanent disability in Norway. To control
how the employers prevent development of
MSD among their employees, and to give
adequate information about this, is of our
top priorities. NLIA instruct employers to
document Ergonomic Risk Assessment.
The Risk Assessment should be done in a
systematic way, together with employees’
representatives, and with the advice from

NES2010

The Occupational Health service.
Measures must be considered in co-
operation with the representatives of the
employees. The measures are bound to
vary from company to company.

NLIA do not have a practice to asses these
Ergonomic Risk Assessments, and
therefore do not have overview over the
quality of these Ergonomic Risk
Assessments.

This presentation is based on a study
carried out by a project group in NLIA
Midt — Norge in 2009.

The evaluation of quality is challenging.
This project has given some answers about
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what Ergonomic Risk Assessments should
at least contain.

Purpose

The purpose with the study was to find
some answer about the quality of the Risk
Assessment submitted NLIA due to
impositions, with help from The
Occupational Health service.

In that aspect, the network that is
specialised in ergonomics wanted, in a
systematic way, to assess these Ergonomic
Risk Assessments. And also wanted to see
if NLI1As assessment could give clear
guidelines of what is expected and give a
uniform assessment among the Inspectors.

e What methods are used?

e Do the employees contribute?

e Does The Occupational Health
service contribute?

e lIsita help for the Employer?

Process

The study was based on discussions within
the ergonomic network of the quality of
Ergonomic Risk Assessment.

The project group searched for relevant
literature and had discussions with
specialists in ergonomic — either inside
NLIA or outside NLIA.

The project developed a check-list, based
on STAMI’s check-list to survey the
quality of Research-literature, Standard
Requirements for risk assessment NS
5814:2008 and “Tungt og ensformig”-
regulation (no. 531).

The project did a pilot study with the first
Check-list, and then made the final Check-
list.

In 2008 another project gave Ergonomic
Risk Assessment impositions to
companies. All with the condition to send a
copy to NLIA and with help from The
Occupational Health service. These
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impositions are divided in three: Mapping
— Risk Assessment - Plan of action.

The project checked 50 random Ergonomic
Risk Assessment from 2008.

Presentation
The presentation is focused on:
e What characterize the “best”
Ergonomic Risk Assessment?
e The measured quality
e The Occupational Health service
e The Occupational Health service
has relevant qualifications
e There is a relation between
Mapping — Risk Assessment — Plan
of action.
e Will NLIA change in focus and
practice improve the work
environment?

Summing up

What is the objective goal with an
Ergonomic Risk Assessment is an
important question early in this process.

The Risk Assessment knowledge and

practise must be founded on NLIA’s law
and regulations.
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The activity point of view helping offshore platforms projects

Gislaine C. SILVA !, MSc.
Carolina S. CONCEICAO?, MSc.
Francisco J. DUARTE *, DSc.
123 production Engineering Program — COPPE/UFRJ
gislaine@pep.ufrj.br

This work has the objective of preparing recommendations for accesses, ladders, and
cargo handling devices of offshore platforms through the understanding of the
operational work and identification of the determining factors of work conditions based
on some reference situations.

Recommendations were prepared and they encompassed a greater diversity of
experiences. These recommendations indicated a relationship between certain project
philosophies and specific solutions, bringing principles of real work situations to the
project, placing in evidence industrial and human variability.

1. Introduction.
The project of construction of offshore platforms involves the definition of several work means such as
spaces, technologies, equipment, machinery and personnel. Thus in the same way as in other large scale
industrial projects, the existence of several different work ambiences makes the design of a platform
extremely complex. These projects are based, in their great majority, on technical and economic aspects,
whereby the theoretical work aspects predominantly apply. In general, what has happened during
construction of petroleum platforms is the fragmentation of projects by areas / modules. Each one of the
modules is then built by a separate supplier, who assumes responsibility for all the equipment and devices
that exist on it, considering the limitations of the area and the distribution of weight along the different
sectors of the vessel. In the light of the limitation of spaces and the high cost of the offshore structures,
the alternative is to verticalise the modules, creating a great number of access ladders to the different
equipment / systems.
However, in view of the lack of integration and standardization of the different modules during the stage
of assembling / joining of these modules on the platform structure, differences between the deck levels
can be observed.
The existence of different standards of finishing is also common, as well as a variety of types of railings
and ladders. The lack of access to locations where maintenance takes place is also frequent, creating the
need to mount scaffolding, and usage of alternative means of access.
These problems become more critical when there is a need for cargo handling around the different
platform modules. In general, the platforms have a cargo handling team responsible for receipt,
distribution, and dispatch of cargo. These activities undertaken by this team are amongst the most
intensive carried out on the platform, from the point of view of effort and posture.
However, although the efforts are noteworthy, the real needs of this team are, only, partially considered,
that is, the future needs of the technical operating body are underestimated or little known by the project
designers. The workstation become inadequate compared to the real activities, favouring the development
of damage to health and consequently affecting the performance and efficacy of the process.
The basic projects have, thus, false representations of the real operational work conditions incorporated in
them. On the basis of these problems, one perceives that the knowledge of the work reality is an
important strategy for the success of these projects, since it enables the pre-empting of problems that the
future technical operation body will have to face.
In a world which is evermore competitive and globalized, the search for improved technologies is already
insufficient. The occupational health and the workplace security are gaining more importance every day,
becoming a competitive factor that has led ergonomics to conquer a strategic position in the construction
of offshore platforms.
“Integration of human aspects into the technological planning processes in a
company is a major strategy for the prevention of work-related injuries and
illnesses among employees in manufacturing facilities.” (Ole Broberg, 1997)
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In spite of its conquest and of its growing application in platform projects, ergonomics, which in
turn, has the objective of studying the workplace, is very often applied at a late stage of a project, when
there is no margin of manoeuvre for changes.

In this context, this study has sought to understand the work of the operational, maintenance, and
cargo handling teams in order to generate ergonomic recommendations for the accesses, ladders and
cargo handling devices for the basic design project of new petroleum platforms. Through these
recommendations, it is aimed to guarantee that the relevant information and the necessary understanding
of the real work conditions on the platform are known by the project designers. These designers have
almost never visited and do not know the activities that are undertaken on a platform.

This study is part of a research project undertaken by a research team of the Production
Engineering Programme of the Federal University of Rio de Janeiro (Universidade Federal do Rio de
Janeiro) and the research centre of a Brazilian company for refining and exploration of petroleum and gas.
This was a two year duration project, having as its main objective the creation of ergonomic
recommendations for the improvement of work conditions on petroleum platforms.

2. Materials and Methods

“Transform work is the prime aim of ergonomic intervention”. (Guerin, F. et al., 2001). However,
when it comes to new projects, the actual work to be transformed is still inexistent. According to
Daniellou (2007), ergonomics of activity establishes its validity from the analysis of work. But, in
conception, work itself, which is the object of intervention of the ergonomist still does not exist, the
activity cannot be “analysed”. The singular activity of a specific operator that uses a system cannot be
predicted in detail. In this way, the objective of the ergonomist is not to predict in detail the activity that
will be undertaken in the future, but evaluate in what way the conception choices will permit the
implementation of compatible operational modes with chosen criteria, in terms of health, productive
efficacy, personal development and collective work, for example.

The ergonomist cannot observe the activity in the system which is the conception object, but he
should seek existing situations whose analysis will permit the clarification of objectives and conditions of
future activity (Daniellou e Garrigou, 1992). Such situations are habitually denominated as “Reference
Situations”, which does not mean that they necessarily signify a model of what one is intending to
achieve.

In this respect, the usage of reference situations enables the identification of transposable actions
to future situations. According to Béguin (2007), the analysis of the reference situations have the purpose
of projecting certain dimensions of future situations to guide the exploratory work of the project
designers. But they do not indicate, on their own, how the activity will be in the future situation.

Furthermore according to the author, the ergonomist should isolate the elements that he considers
will be present in the future situation: they are “Situations of Characteristic Actions”. Daniellou (1992) as
defined them as “a set of determinants, whose simultaneous presence will condition the structure of the
activity”.

This study has sought to analyse the effective work undertaken in the chosen area of reference
situations, through a methodology of analysis and observation of the work, which seeks to presents
another point of view over it and another form of situating the work activity within the functional context
of the organization. The basis of the intervention was the Ergonomic Work Analysis (EWA). Starting
from this analysis was possible to demonstrate the real demands of the operational teams, as well as show
evidence of “Situations of Characteristic Action” and the inconveniences observed in loco. It is a question
of bringing to the project principles of the reality of work situations, placing in evidence the industrial and
human variability.

This project was divided in two main phases. In the first phase the identification and mapping of
the critical work situations in terms of reliability, operational security and physical load (effort and
posture) in different areas and workplace ambiences of an offshore platform, were undertaken. On the
basis of the mapping out, the ambiences for the carrying out of EWA were defined.

Ten visits were carried out to reference situations, that is, to an offshore platform, a FPSO
(Floating, Production, Storage and Offloading Unit) in operation in the Campos Basin (Rio de Janeiro).
At each embarkation the collation of data obtained on previous occasions was validated with operators of
the different teams, which permitted the enrichment of the description already made and their validation.
Some typical activities of these teams were not observed and accompanied, in view of the lack of
repetition of the activities and non-existence of well defined production cycles, noteworthy characteristics
of continuous process industries. In these cases, the verbal exchanges of the operators during the visits to
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the production processing areas were fundamental sources of information for the comprehension of the
mentioned difficulties. In this phase it was possible to identify the “Situations of Characteristic Action” of
each ambience.

During the second phase of the project, visits were undertaken to other platforms in order to assess
the work conditions, apart from getting to know other reference situations and solutions implemented in
these situations. After the analysis of the data, it was possible to prepare the ergonomics Technical
Recommendations (TRs) for basic project of the different ambiences analysed. The content of the TRs
was prepared in a progressive and participative form, with the purpose of taking full advantage of the
experience of the project designers.

3. Results

The successive moving around using ladders during the undertaking of the activities of the cargo
handling teams and of the operational and maintenance teams called attention during EWA. It was
observed that one of the characteristics of the construction of more modern platforms, that is, the
verticalisation of modules without interconnection between them, linked to the lack of knowledge of the
project designers of the real work activity sequences of the operator, created intensification of the need of
moving around using ladders.

Analysing the activities of the cargo handling team it was possible to verify the constraints that
they had to face during the vertical transport manoeuvring of the cargo within the platform. The cargo
handling team counts with a crane driver, responsible for the transport manoeuvring devices, trolleys and
pulleys, and his assistants, who help in the positioning the cargos in the selected places, and who is also
responsible for the selective collection of waste, for the cargo preparation and handling to the desired
destination.

These operators load and unload cargos, apart from move them around within the platform. The
most critical activity for this team is cargo handling throughout the whole platform, principally when it is
located on the top of one of the modules, as shown in the Figure 1. Very often the cargos weigh a number
of tonnes and are located in places of no access by means of the crane or by any pulley or auxiliary cargo
handling device. The solution found by the operators is the development of devices, generally using
manual pulleys and cables, to permit the vertical barlrd]lin of the cargo.

Figure 1 — Load in the top of the module

In order to minimize these problems, the FPSO projects have already considered a pass way that
cuts the platform from bow to stern, as well as auxiliary devices for cargo handling with trolleys, pulleys,
railcars and several other types of manual roller trolleys. However, the resources for vertical cargo
handling are few. The project of cargo handling should predict interconnected levels with devices that
enable the placing of cargo in trolleys or railcars, enabling the transport of the cargo to a place where the
crane can reach it.

The other situation that generates discomfort for the operators is the lack of standardization of the
ladders distributed around the platform. The different sizes, step gaps, and ladder railings create a false
impression of uniformity, causing falls and provoking sensations of insecurity. It was possible to observe
that in spite of being present in the norms, these norms of uniformity are not followed, as shown in Figure
2. With the construction of the platform divided in modules and the absence of standardization between
the different suppliers, each module has its standard established by whomever responsible.
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Figure 2 —Different step gaps

Frequent lack of access to locations where routine activities occur was verified, be they, lack of
ramps, ladders or even sufficient steps as shown in the Figures 3 and 4. The lack of access is resolved
through the mounting of scaffolding, which demands the need for specialist teams in this type of
assembly, apart from an increase in time spent in the execution of the activity.

The usage of cargo handling devices with wheels is routine near areas of receipt of cargo, in order
to reduce the physical efforts of the operators. For this reason, the project of interconnection of this area
with adjacent modules should predict ramps, which are present at all the access points. The existing
international norms recommend the installation of ramps when there are changes of vertical elevations
with an angle of inclination with a horizontal less than 15°, especially when the difference in level occurs
around an area of receipt of cargo. These ramps allow the usage of trolleys and devices with wheels to
transport cargos that arrive at the platform.

¥ b :-'..-‘.—. .

Figure 3 — Improvised Ramps Figure 4 — Improvised step
It is worth mentioning that one opted to discuss here a selected part of the research undertaken,
presenting as a sample of the results, the characteristics of the research and recommendations for just one
of the sectors studied. From the analysis partially presented here, there was an effort to produce as final
output, not only specific and direct recommendations, but also present the real problems lived by the
technical body and offer proposals for solutions. The intention of the recommendations was to place
ergonomics as a discipline with a presence in all the stages of project conception with the objective of
effective improvement of the work conditions in future platforms. For the preparation of these
recommendations, the existing technical norms and specifications were taken into consideration.

4. Discussion

One of the concerns faced by the team of this project was the preparation of recommendations of
offshore ambiences that respect the needs of the users, without creating more norms to be followed and
disrespected. According Westgaard and Wulff (1991), the guidelines and existing standards in the
majority of cases are only partially used in the construction of new platforms and even in the
modifications of platforms in operation. Furthermore according to the authors, the latter occurs due to the
standards being at the same time general and specific, and usually not applicable in offshore ambiences.
Chapanis (1995) said that there are many Human Factors manuals, however, they are of little use because
they are not adequate to the organizational reality. According to Silva (2008), the Ergonomics
Checkpoints is an example of this kind of manual, which, in spite of presenting an extensive list of
recommendations for current ergonomic problems, is hardly applicable. Apart from the latter, not all the
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solutions recommended can be implemented without a more detailed analysis of the situation. The
recommended solutions can help in the construction of new solutions that very often will demand a more
detailed understanding of the situation. Thus, the recommendations prepared seek to inspire the project
designers to create solutions that can be taken, without limiting themselves to a specific solution.

Another concern of this project was the temporality of the insertion of the recommendations
during the project design phase of a platform. As mentioned by Daniellou (1994), the late beginning of
ergonomic interventions makes recommendation implementation difficult in view of the implied costs
and necessary time schedule. At the start of a project the margins of manoeuvre are greater, that is, there
is a possibility of action, while at the end of the project the inventions are often impracticable.

It is a well recognized understanding among ergonomists that ergonomics
considerations should be integrated in the early stages of design processes
leading to new workplaces. Such design processes may encompass the
development and implementation of new production technologies as well as new
concepts for work organization. In the literature different approaches to
integrate ergonomics into design processes can be identified ranging from
heighten the ergonomics knowledge and skills of individual design engineers to
organizational measures ensuring the participation of ergonomists in specific
stages of the design process. (Broberg 2007)

Hence, TRs that could be applied at the initial stage of the so called the basic project, were
prepared, seeking to propagate ergonomic concepts throughout the project. However, in order for this idea
to be propagated throughout a project in a beneficial way, it is important that a participative project
structure is in place, based on the involvement of the operators and any other personnel responsible for
production. This involvement permits that future installations work with greater efficiency and
operational reliability, giving due value to the experience assets accumulated by the company.

Thus, the guideline prepared as a result has the intention of placing ergonomics as a discipline
present in all the project conceptual stages, with the objective of effectively improving the work
conditions on future platforms.
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The oil and gas (0&g) industry has a number of characteristics that may
make ergonomics a valuable contribution to the industry’s efforts to
ensure safe and efficient operations. The purpose of the present paper is
to give a broad overview of how an oil company makes use of ergonomic
competence and methods in the day-to-day business. Case examples are
used to illustrate how ergonomics can play an important role in both in
design and operations, and how ergonomics is interfaced with more
traditional o&g disciplines.

1. Introduction

The oil and gas (0&Q) industry has a number of characteristics that may make
ergonomics a valuable contribution to the industry’s efforts to ensure safe and
efficient operations. Among these characteristics are: Use of advanced technology and
reliance on human centred interface designs, control of massive amounts of energy
and a need to avoid human errors in critical operations, organisational complexity
(e.g. a large number of contractor companies and highly specialised professionals),
complex work processes and a need to establish a shared situational awareness in
teams that collaborate across traditional boundaries, and a focus on facility design that
ensures efficient material handling and maintenance operations on a limited physical
area. The challenges facing the industry as a consequence of a shrinking resource base
and exploration in increasingly harsh environments underlines the need for knowledge
and methods that contribute to safe and efficient operations,

The purpose of the present paper is to give a broad overview of how an oil
company makes use of ergonomic competence and methods in the day-to-day
business. Case examples are used to illustrate how ergonomics can play an important
role in both in design and operations, and how ergonomics is interfaced with more
traditional 0&g disciplines. The cases are followed with a discussion of a more
general nature regarding the nature of successful ergonomic interventions in the
industry.

2. Case examples

2. 1. Human reliability

It is generally acknowledged that human and organisational factors (HOFs)
play an important role in the causation of accidents. However, attempts to include
HOFs in tools for proactive safety management often fail. HOFs seem either to be too
global (e.g. safety culture) or too specific (e.g. factors influencing operators’ reaction
time related to a specific task) to have much predictive value in relation to real life
operations. Thus, there seemed to be need for a practical tool for monitoring well
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defined HOFs in an operational context, and this insight led to the development of a
novel approach to the assessment and monitoring of HOFs and their influence on
major accident risk.

The approach, named Operational Safety Condition (OSC), comprises the
following steps: 1) Identify and describe HOFs as barriers and risk influencing factors
for selected accident scenarios. 2) ldentify those work tasks that are most critical from
a risk point of view (i.e. that affect barrier integrity or the probability of initiating
events). 3) Establish an overview of the HOFs that influence task performance. 4)
Assess and monitor the relevant HOFs. 5) Report back to the facility management and
make sure that relevant corrective actions are taken.

The following HOFs that are monitored by OSC.:

1. Work practice (how specific work tasks are normally performed on a
plant/installation).

2. Competence (the personnel’s knowledge, skills and abilities that contribute to
safe work performance and/or flexible problem solving).

3. Procedures and documentation (descriptions of operational/maintenance
routines and plant/installation design and technical status).

4. Communication (information dissemination and dialogue concerning work
activities).

5. Workload and physical environment (available time/resources and the
environmental conditions where work is carried out, including physical
working environment factors like noise and lightning and human-machine
interface).

6. Management (planning, coordination, follow-up and improvement activities).

7. Change management (supervision and control of technical, operational and
organisational changes).

The underlying philosophy of OSC is illustrated in Figure 1. HOFs are
regarded as operational safety barriers. An operational safety barrier is in this context
defined as a personal (e.g. competence) or external factor (e.g. workplace design) that
increase the probability of correct and safe work performance and consequently
guards against human errors and unsafe behavior.

Safe work
performance

Intact operational
safety barrier

Safe workplace

Figure 1. Operational safety barriers.

For each HOF a set of performance requirements (50 in all) are formulated,
and a set of checkpoints (341 in all) are used to assess whether the requirements are
met. A survey team perform an OSC assessment of an installation/plant in about one
month. A number of different data sources are used in OSC (including surveys,
document reviews, existing HSE-data). The most important data are collected during
a 5 days stay on the installation during which interviews and observations of actual
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work performance are carried out. OSC is further describes in Sklet et al (2009 &
2010).

OSC has so far been used on three process plants, and experiences from these
assessments are used to develop a final version of the method. Although it is too early
to assess the effect of OSC on actual safety results, it does seem clear that OSC
generates a number of improvement efforts that can be used proactively to assess and
better the integrity of operational safety barriers.

Ergonomic competence has been an important factor in the development of
OSC and in the practical application of the method in the process plants. However, it
is the cross disciplinary composition of the OSC teams that has emerged as the most
crucial factor in the assessment of HOFs. The teams comprise technical safety
engineers, ergonomists, and personnel with and operational background and detailed
understanding of the relevant work tasks.

2.2. Human centred design

Ergonomics has achieved an important role in the design of human-machine
interfaces. In the 0&g industry this is particularly evident in the design of central
control rooms where the over all design process is governed by ergonomic
considerations (see 1SO, 2001). However, the design of work places like driller’s
cabin, crane cabins, collaboration rooms, ship bridges and office landscapes are
increasingly more influenced by ergonomics. Usability tests of software and
ergonomic assessments of tools are also becoming more frequent.

2.3. Macro ergonomics

The work processes in the 0&g industry is currently undergoing a transition
made possible by new and powerful information technology. Traditional work
processes and organisational structures are challenged by more efficient and
integrated approaches to 0&g operations. The new approaches (“e-operations”,
“smart-operations”, “integrated operations” or 10) reduce the impact of traditional
obstacles — whether they are geographical, organisational or professional — to efficient
decision making and work performance Ringstad & Andersen (2006) has a more in
depth description of 10.

IO seems to have a great potential, but there is also a possible downside that at
least in the initial phases of an 10 implementation can severely reduce the
organisation’s efficiency. The obvious question is: Is there a way to implement 10
that maximises the upside and minimises the downside?

One approach would be to meet the various obstacles as they occur. This
approach is probably quite common, but has obvious disadvantages. It does not entail
a general strategy for 10 implementation, and it is hardly very proactive. An
alternative approach would be to analyze the challenges facing different subsystems
involved in an activity, and to ensure that the different subsystems are developed and
changed in a balanced way. This approach is clearly influenced by developments in
macroergonomics (Hendrick & Kleiner (2000)).

Ringstad & Andersen (2007) show how describe how potential drawbacks of
10 were met when 10 was implemented on major oil fields in the North Sea.
Emphasis was placed on end user involvement in the implementation of 10,
development of training and information material focusing on new ways of working,
human centred design of operation rooms and ICT, and controlled changes in relevant
work processes. The overall objective was to ensure a balanced development of
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people, technology and organisational structures. Programs were developed to train
employees in new work forms and use of new technology / tools, strong efforts were
made to ensure that design of new work places and interfaces were user friendly and
transparent, and organisational changes were implemented to support the parallel
work form characterising 10O.

3. Discussion

A number of additional areas were ergonomics play an important role in the 0&g
industry could have been addressed (including accident investigations, quantitative
human reliability assessments, training programs, development of relevant and easy to
understand steering documentation / procedures, crew resource management / team
development, physical ergonomics and material handling). However, it is to a certain
extent possible to point at general factors influencing the success of ergonomics in the
industry based on the cases already presented. These factors are:

1. The ergonomist must have a minimal understanding of the main work
processes in the 0&g industry and how the industry is organised.

2. The ergonomist must be open to multi disciplinary work forms, and willing to
listen to other professions when they talk about issues that the ergonomists
regards as his/her domain.

3. The ergonomist must make sure that he/she has understood the real challenges
for instance in a design project. Too often, ergonomic analyses (e.g. task
analyses) are performed without a clear understanding of what are the
questions one tries to answer.

4. The ergonomist must be willing to fight for his/her professional opinion in
situations where many stakeholders have conflicting viewpoints.

Although it is not difficult to point at success stories where ergonomics have
been crucial to a favourable result, it is likely that the increasing use of ergonomic
competence in the 0&g industry will be challenged at some point. It is therefore
important that the discipline is used to solve real problems, and it would certainly be
welcome if it was possible to demonstrate the value of ergonomics at a more general
level (e.g. a cost-befit analyses).

4. Conclusion

Ergonomics may play an important role in the 0&g industry’s efforts to ensure safe
and efficient operations. However, involved ergonomists must have an understanding
of the core processes in the industry to make a substantial contribution. It is
furthermore crucial that ergonomics is not reduced to a ritualistic approach to analyses
and assessments, but aim to answer questions that really improve the decision basis
needed in design or operations.
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Abstract
Regularity and safe operations are important issues for a control centre. Our experience has
shown that it is a key issue to ensure that the working environment does not impose work
related stress and poor ergonomic conditions. Such conditions may result in both possible
work related diseases and risks that jeopardise safety, reliability and efficiency of the
operation. In this paper we use the design of the control centre for the Troll A platform
offshore Norway as an example how these challenges were addressed.

1. Introduction

In the last 7 years Statoil has developed a human factors design process based on the
experience and lessons learned from use and modification of existing control centres and the
ISO 11064: “Ergonomic Design of Control Centres”. This paper will describe how human
factor challenges were addressed in the design of a new control centre for the offshore Troll A
platform and provide a number of key success factors applied in this process.

2. The design of a new control centre for the offshore platform Troll A
The Troll field is situated in the northern part of the North Sea approximately 100 kilometres
west of Bergen. This field contains some 60 per cent of total gas reserves on the Norwegian
continental shelf and thus represents the cornerstone of Norway’s offshore gas production. In
addition the field produces oil. Most of the gas is produced from the Troll A platform, which
is in operation since 1995 and currently delivers 40% of all gas export from Norway.

Figure 1: The Troll Field

To allow the Troll field to continue production until well beyond 2050, upgrades to the
topside facilities of the Troll A platform are required. For this the number of personnel on
board the platform needs to be increased significantly and an extension of the existing living
guarters is therefore required. It was decided that the extension of the living quarters will
include a new control centre with state-of-the-art technology replacing the existing control
centre.
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3. Challenges specific to Troll A control centre modification

The new control centre and system modification is an extensive project and the scope
includes an upgrade of the Safety and Automation System the Emergency Shutdown System,
Fire & Gas Detection System, Ventilation Control and a new Critical Action Panel. As a
result many Human Machine Interfaces (HMI’s) will be new both on the new visual display
units and on the new large screen display and critical action panel.

Installation of the new living quarters and control centre will be performed while the
platform is in operation. It is expected that the activity level in the existing control centre will
increase considerably, while at the same time new systems are being connected to the existing
platform systems and tested in the new control centre. High focus on safe operations and a
successful switchover from the existing control centre to the new control centre is required to
avoid incidents and down time.

The control centre modification is part of an extensive modification project to the topsides
of the Troll A platform. Different implementation schedules whilst using the same project
engineering resources can increase the risk of diverting focus from control centre design to
other activities in the project.

4. Method for Troll A control centre modification

With the main challenges identified, a method for the control centre modification was
required to systematically identify the technical, organisational and user requirements. Statoil
governing project documents requires that 1ISO 11064; Ergonomic Design of Control Centres
is used. This standard is also mandated by the Norwegian Petroleum Safety Authorities
regulations.

To ensure timely implementation of the ISO 11064 activities a kick-off meeting was
arranged early in the project planning phase with the Troll A project management and
instrument discipline. A practical plan for implementation in the overall project plan was
prepared and scope and mandate for the control centre modification established.

Figure 2 below illustrates the sequence of human factors analyses and the interrelationship
with the project development process. The arrows shows the iterative process and the
possibility to go back and carry out more detailed analyses where required.
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5. Ergonomic project strategy and key success factors

The ergonomic project strategy applied to implement the 1ISO 11064 principles turned out to
be successful for the Troll A control centre project. Key success factors included the
following organizational issues and human factors activities:

5.1 Organizational issues:

e Human Factors specialist as Troll A control centre project lead

o Dedicated multidisciplinary project team assigned to the design of the control centre
o Experience transfer from previous control room projects

o Clearly defined ISO 11064 requirements in engineering contracts
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e Systematic user participation throughout the design process
o Design process systematically documented as audit trail for design decisions
e Systematic verification and validation of the control centre design work

5.2 Specific human factors activities and studies carried out:

e Situation analysis to identify existing work processes and systems

o Human factors analyses to define future user and system requirements and work
processes (See appendix 1)

o Life-size control centre mock-up model and 3D model extensively used during
engineering for reviews, testing and development
Information Rich Design (IRD) workhops for development of Large Screen Display HMI

e Systematic input to project HMI philosophies, specifications and design reviews to ensure
consistent and error tolerant design. (See appendix 1)

o Alarm philosophy based on recognised standards and principles such as YA-711
principles for Alarm System Design and with use of key performance indicators.

5.3 Further human factors related activities for 2010/2011
A training plan for the operators is currently carried out and focuses on the critical period for
the existing control centre when the new living quarters are being installed while the
installation is still in production mode. The other focus area is when the new control centre is
in operation after switchover in 2010.

A control centre as-built verification and validation is planned for early 2011 including
working environment and HMI systems performance.

6. Results

The new Troll A control centre, is an ergonomically well designed workplace. Best practise
human machine interface design has been applied and it is expected to give an efficient use
due to high focus on error tolerant systems and a control centre arrangement which promotes
the health and well being of the operators. Examples of ergonomic results achieved include:

6.1 For human-machine interfaces

o High level of HMI consistency in systems delivered by different suppliers such as large
screen display, operator systems and critical action panel

o High level of HMI consistency in use of symbols, structure and content, colours and
alarms, faceplate and tag descriptors for the VDU based operating systems

e Alarm philosophy and principles consistently applied throughout the different HMI’s

e The emergency control systems are grouped together such as the critical action panel, the
safety equipment desk, the large screen safety information display and the emergency
control room functions

e Extensive system performance testing on predefined key performance indicators

6.2 For control centre arrangement

e The control centre layout is well thought out with high focus on preventing unnecessary
traffic not to disturb the operators

e The control centre is spacious and designed to accommodate future increase of operator
and system tasks

e Good viewing angles are guaranteed from the operator desks to the large screen display
and work permit area

e Location, layout and equipment inside the emergency control room are based on mock up
task analysis and scenario analysis with end users
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e Good daylight is guaranteed by large windows while sound absorbing lining on walls and
furniture reduces the reflection sounds from the large screen wall promoting further the
well being of the operators

e Based on mock up noise evaluations a different projector type has been chosen to be able
to comply to the strict noise standards for the control centre

7. Conclusions

To achieve the results as described above and reduce the workload and stress in a control
centre a systematic evaluation of the HMI is required. These evaluations need to be specific
for each control room design project. We consider it as essential to use the 1SO 11064 series
on ergonomic design of control centres as a basis for the design process with human factors
participation in the engineering team from the concept phase of the project.

During the design process of the Troll A control centre a dedicated multidisciplinary project
team was assigned with a human factor specialist in the lead. This ensured implementation of
the ISO 11064 principles and that human factors were an integrated part of the project
planning and execution.

Definition of organizational, user and system requirements proved to be key to come to an
optimum design. Extensive user involvement was hereby critical and created a high level of
ownership to the design process and final results.

The mock up of the control centre proved essential in detecting issues that otherwise only
would have come forward in the final build saving expensive changes later on.

And finally systematically documenting the process made an audit trail possible for design
decisions and formed the backbone in the validation and verification of the new control
centre.
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Appendix 1
Documentation Design Basis Analyses & Activities Pre-engineering
Experience transfer: Human factors Summary report — CC Kristin Semi EPCH project
Troll A Offshore Control Centre situation analysis
Troll A Control Centre-Human Factors Analyses
Annex A - Summary of findings
Annex B — Task Analysis
Annex C - Functional Analysis
Annex D - Job & Workload analysis
Annex E — Layout Validation
4 Status report task force group collaboration rooms Troll A LQE
5 Communication & Collaboration analysis
6 Minutes of meetings, User meetings Control Centre no. 1 -9
7 CRIOP design development summary including CRIOP checklist
8 Study report, HMI graphics, PCDA & Safety system Troll A
9 Study report, Matrix, Safety system Troll A
10 Design specification, 800xA operator system troll A
11 Troll A — Modification. LQ Extension. Class D — Study. Functional and design requirement
12 External Verification and Validation CRIOP Analysis Troll A Pre-engineering
Documentation Design Basis Analyses & Activities Detail Engineering
13 Control Centre Offshore Survey Report Troll A
14 Human Factors Process in Detail Engineering
15 Human Factors Design Requirements in Detail Engineering
16 Control Centre Mock-up Program
17 Control Centre Mock-up Report
18 Emergency Control Room Mock-up Report
19 Control Centre Lighting Study Report
20 Control Centre Noise Evaluation Report
21 Control Centre Working Environment Area Chart
22 Critical Action Panel Design principles
23 Architectural Design Philosophy
24 Large Screen Design HMI Philosophy
25 Large Screen Design Process
26 Alarm Philosophy
27 Design Philosophy HMI, PCDA & Safety System troll A
28 Design Specification PCDA System, Symbol Definitions
29 Design Specification Safety System, Symbol Definitions
30 Design Specification Operator Workplace and Structures, PCDA System and Safety System
31 Design Specification ESD System, Structure, Symbol & Display Definitions
32 Design Specification Large Screen, Symbol & Graphics Definitions
33 Roadmap for Control Centre offshore Activities Including Switchover Year 2010
34 Verification & Validation, CRIOP Analysis Troll A, Detail Engineering
35 Control Centre File Archive (Minutes of meetings & Technical Queries)
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Making ergonomics part of offshore platform designs enables the design process to be
guided by the logic of the work activity. This study falls within the context of a research
project which aimed to draw up ergonomic guidelines for future offshore platform
designs. Ergonomic analyses were carried out on the accommodation module areas and
guidelines were drawn up for the basic design of new platforms. The participation of
ergonomists during the design process together with the other actors involved
contributed to a greater understanding of the activities to be developed in the new areas.

1. Introduction

Understanding the work reality may become a strategic factor for the success of design projects
if it allows problems which future users may encounter to be foreseen. It is increasingly
necessary that new offshore units enter into stable operation on time and with guaranteed levels
of production quality and quantity. Although the range of technologies for developing
deepwater exploration and production platform projects is increasing, operational experience
transfer between projects is still modest. In other words, there is a lack of feedback from
projects using information derived from the use of operating platforms. It can be seen that
inadequate solutions from older platforms are repeated, while “good solutions” which are not
repeated in new projects.

Intervening in the basic design by integrating ergonomic principles and guidelines
derived from the analysis of present situations aims to incorporate the work dimension from the
start of the design process. This way of working allows solutions to be considered whilst also
affording the designers some degree of freedom (Broberg, 1997), when different aims and
conditions can still be negotiated before decisions are taken, which create irreversible
conditions. However, effective ergonomic guidelines should not impose permanent restrictions
on future ergonomists who, together with design engineers, will execute the detailed design of
the new installations.

Regarding this situation, a research project was carried out by UFRJ Production
Engineering Program and a Brazilian oil exploration and production company’s research centre.
The objective was to generate ergonomic guidelines both for the accommodations and process
areas of offshore platforms. This paper is result of this project, concerning the accommodations
module, and aims to present the developed research, focusing on the structure drafted for
writing the guidelines. A methodological and conceptual approach that aims at rescuing use
experience and transferring it to future oil platform design projects was used. Based on the
Ergonomic Work Analysis (EWA) and, in special in following up the activity in question on
operating platforms, settings of usage (Duarte et al., 2008) and guidelines were developed for
the environments of the offshore platforms accommodations module. These guidelines cover in
special the relative positioning among the several environments, the layout, the equipment and
ambiences. The objective is to bring reality principles of work situations to future projects,
highlighting the human and industrial variation. This allows for the description and
understanding of the interrelations between the different components of the design. It also
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enhances the capacity to predict and reduce uncertainties regarding the efficiency of future
functioning throughout the design process.

2. The acquired knowledge from the ergonomic analysis used to
workspace design
One of the simplest definitions of ergonomics, which well sums up the basic concept, is:
“Fitting of jobs to the people NOT people to jobs” (Satrun, 1998). According to the author, it is
not always possible, in “real world”, to have a perfectly adapted workspace. However, with
proper knowledge and commitment, much can be done with little extra cost. In offshore
projects, according to Pagenhart et al. (1998), designers are faced with minimal margins of error
and little time for interdiscipline review. However, designers are in a key position to assure a
proper ergonomic design of installations.

The position and layout of environments are directly related to the intended use of these
spaces. It is essential to assess the similarities and differences between operation modes in order
to adapt solutions to the reality of each project and each platform. By analyzing similar
situations which already exist (Daniellou, 2005), it is possible to pinpoint situations of
characteristic actions which allow relevant issues to be raised and discussed. This allows
priorities to be defined, which play a decisive role in the choices made by designers. This
ergonomic practice is based on the analysis of work effectively performed in reference
situations by means of analysis and work observation methodology (Guérin et al., 2001). It
involves bringing real-life principles from work scenarios to the design, demonstrating the
human and industrial variation. This allows the description and understanding of the
interrelations between the different components of the design. It also enhances the capacity to
predict and reduce uncertainties regarding the efficiency of future functioning throughout the
design process.

The traditional engineering approach is characterized as descendent: defined the
production objectives and the necessary investments, great technical options are defined, the
main flows and its bottlenecks, being the work an adjustment variable. Another approach, which
can be considered ascendant, takes into consideration that the conditions for carrying out the
work activities, since the initial phases of the project, can help clarify the choices to be made in
relation to the conception of the space, of the technical systems and the work positions. The
work activity, which results from the integration between the technical and organizational
characteristics and the working population, is the actors’ conduct form in response to the tasks
requirements (Daniellou, 2005).

A combination between the two aforementioned approaches makes it possible to describe
and understand the inter-relations between the different components of the project, expanding
the anticipation capacity and reducing, along the design process, the uncertainties relative to
future functioning efficacy. The global observations and registers, in addition to the description
of the productive processes and the general functioning technical data constitute the basis for the
diagnostics of the reference situations and for the elaboration of guidelines for future projects.

Once there is, many times, a lack of necessary operational experience from designers,
experience transfer is the main source of practical information to the projects development
(Pagenhart et al., 1998). According to the authors, the most effective experience transfer has
specific and concise information. But, as stated from Dekker and Van Den Bergen (1996), to
apply ergonomics efficiently, it’s important to know how the design process is developed and
figure out where ergonomics “fits”. On the contrary, ergonomics could affect the design
process, leading to a lack of compromising from the design team.

What is intended is to contribute to projects even before they start, through the observed
use in reference situations, that is, since their base studies. The notion of settings of usage
intends to attend to such a demand. Without defining or detailing the project, the objective is to
produce these settings extracting the existing relations with spaces from the observed situations
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during the activity follow-ups. This way, information about use is provided to the designers as
well as its implications for environment design, without presenting a final solution for each
space.

In a study described by Skepper et al. (2000), design actors already accept that ergonomic
guidelines would be more efficient in terms of cost if they were included in the initial stages of
the project. The potential costs of the redesign, the possible losses and the down-time in the
operation of the platform would be more increased. However, in order to guarantee its
satisfactory use, designers need to have a good understanding of ergonomics and of the
cost/benefits of applying ergonomic guidelines to the project.

3. Material and methods

The project described here began in March 2007 and lasted a period of two years. It was agreed
with the company that a FPSO (Floating, Production, Storage and Offloading Unit) platform
would be used as the principal reference situation for the project. This involved a recently
designed platform (2001) with the ergonomic design for the control room in the detail phase.
Places were made available on this platform for the boarding of the project team.

Regular visits were carried out during the first year (approximately eight boardings with
two to three researchers, each visit lasting three days) to this platform. An ergonomic analysis
was performed on the accommodations module areas. The researchers followed the work
activities in these environments and did verbalizations with the workers. Also during the first
year, research was carried out into the existing standards for the platform design in order to
record existing restrictions. Based on this information and the data collected during the
boardings, initial guidelines were drawn up for some environments.

In the second year, the composition of the guidelines continued. For this purpose, the
activities were divided into the following stages, some of which may overlap:

1) Boardings on five other newer platforms, with the aim of validating information from
the first year of the project. This validation assisted in the investigation of if the scenarios
observed in the reference situation could be generalized for other units. Additionally it validated
the guidelines which were being proposed on the basis of the initial analysis.

2) Four boardings (each with a duration of seven to ten days) on the reference FPSO for
detailing the analysis of several areas and also to confront the data taken with platform workers,
validating both the analysis performed and the guidelines drawn up. Furthermore this validation
allowed the confrontations of the users with design solutions observed in the other platforms
visited.

3) Validation of the guidelines created with the designers by means of interviews and
critical evaluations based on their accumulated experience.

The content of the guidelines created on the basis of this project was gradually developed
in a participative manner. The initial drafts of the guidelines were not intended to be definitive
documents, in neither their form nor content. The aim was to make the material available as it
was prepared in order to serve as the basis for analyses, discussions, suggestions and
validations.

4. Results

Environments that make up the accommodations module are: 1) control room and support
offices; 2) galley, mess room and provisions storerooms; 3) infirmary; 4) laboratory; 5) laundry;
6) mechanical, electrical and instrumentation workshops; 7) warehouse; 8) reception and
briefing room; 9) radio room; 10) telecommunications room; 11) cabins; 12) bathrooms and
changing rooms; and 13) leisure areas. Some of these environments have a direct
interrelationship among them, with interdependence in their functioning. Thus, the integrated
project of the different sectors becomes crucial. The results from this study can be presented at
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two levels: 1) the data obtained with the ergonomic analysis, that is, the detailed understanding
of the environments and the activities developed in them and 2) the guidelines produced from
this acquired knowledge. These results were presented, at the end of the research project, in the
form of two booklets. The first one contained the activity analyses of all the environments
studied, describing in detail and with pictures the activities that occur in each place. The second
booklet contained the guidelines themselves, each chapter containing the guidelines for each
environment.

The guidelines contain some information taken from the standards and manuals whenever
it was considered pertinent and relevant during the design of spaces in the basic design stage.
However, aside from this information, the guidelines are derived directly from the analysis of
the users real activity in these environments. Traditional guidelines do not always attempt to
explain the reason for a suggestion, as if its motive were self-evident. Therefore an attempt was
made to draw up the guidelines in such a way that in addition to the proposed technical content,
the aim/purpose or problem to be resolved was clear. Wherever possible, design parameters
were detailed, with explanations of why and how they were calculated and/or shown with the
reference situations which were visited or known.

Despite the difficulty in generalizing the cases observed, a focus on options adopted by
the platforms visited was avoided. Even when a reference situation offered a good example to
be “copied”, the guidelines assume a more general tone in order to not to be tied to a specific
case. The intention was to avoid the guidelines taking on the status of obligatory standards,
instead of serving as a reference and leaving room for the design team to innovate and even to
make improvements in relation to the state of the art.

The notion of settings of usage permits understand better how the technical guidelines
were constructed and, also, how they must be used. What defines a setting of usage is always
the combination (“couplage’) between, on the one hand, physical-technological aspects
(environment, space, instrument, object, equipment...), social context and cognitive orientations
(example: transport food to...), and on the other hand, a practical scheme, which is subjacent to
a certain activity. In each case, we tried to point out the relations that influence the design and
disregard certain aspects of the activity that do not bring immediate consequence for the
environment design projects, but that can be important for an ergonomist, who is going to
follow-up on the project of a new unit, to elaborate a global understanding of the work. This
way the guidelines attempted to comprise what should be done, its reasons and, to a certain
extent, how this should be done.

The entire guidelines booklet was validated by two designers that work in the basic
design stage of platforms. They read the entire booklet as if they were going to use them in the
project they were working on. They made comments concerning the content as well the form,
trying to identify what they thought it would be useful and helpful or not during the design
process. After that, there was a last review on the guidelines and, in the final format, they are
presented in hierarchical order, from the most general to the most specific, according to the
following sequence: localization of the sector in the accommodations module, internal areas,
layout, work spaces, and environments. Furthermore, common points are presented from the
very beginning, adding specific arrangements of a platform, variability, and the details which
could influence the ergonomic suitability of a design.

5. Discussion

In oil platform projects, a general design character is increasingly necessary when faced with
the complexity and rising costs of work systems. The point of view of the work, established on
the basis of an ergonomic approach, allows the emergence of different logics which are always
present in design projects, although not always considered. During a project, the integration of
ergonomics aims to support the decision making of the responsible technicians starting from a
realistic anticipation of the work of future users. This is accomplished through the provision of
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information to technical and organizational decisions, and giving evidence for the probable
consequences on the future conditions of the performance of work.

Therefore the guidelines do not substitute future involvement of ergonomists and their
interaction with the future users who will participate in the projects. As observed in the study
described by Wulff et al. (2000), these general guidelines must be “interpreted” especially when
there are conflicts with other specifications, namely cost and/or deadline. The guidelines only
offer basic orientation so that the work of these future users is considered from the very
beginning of the basic design, maintaining the importance of involving a specialist throughout
the process. According to Wulff et al. (2000), designers from different disciplines should work
together in developing design solutions, with ergonomists and future users represented in these
teams.

There is already awareness about the importance of paying attention to the functioning
and the needs of future users. However, this only occurs in the final phases of conception, when
the men-machine and the operation positions interfaces characteristics are defined. This study
focused on the planning of spaces considering the users and their activities as the starting point.
This focus contributes to an overall vision of the architectural design and also to tracing
parallels between the issues of spatial design and ergonomics. It has already been possible to
obtain guidelines with this perspective. The goal now is to test these guidelines in a project and
refine them to generate tools that aid designers to use them on new projects, as well as develop a
participatory approach to the design process, based on future users’ activities in environments to
be designed to new accommodations modules.
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Background: A common problem for many organisations today is accidents and the
personal plus financial losses caused by these accidents. Some organisations can be
regarded as complex systems where people are interacting with each other, with
technology, and with the world outside the organisation. Complex systems have some
important properties. First of all there are many system components and each
component may have one or many goal(s). In addition a complex system changes
according to internal and external factors plus the interaction between internal and
external factors. Perrow (1999) identifies two important properties in complex
systems, interactive complexity and tight coupling, and assumes that accidents are a
normal consequence of complex systems. Better operator training, safer designs,
increased control, organisation changes can, according to Perrow, improve safety but
also increases interactive complexity and may create new problems.

Researchers in Human Factors or Ergonomics, on the other hand, are making great
efforts to improve safety in complex systems. In a new project we have started to
work with the aim at reducing the number of incidents and accidents in a complex
organisation, and to take some steps toward a safety culture.

The objective: The aim of this ongoing project is to eliminate or reduce accidents in
the organisation. A basic assumption in the project is that safety measures of different
kind are useless unless the intended users are involved and will accept and use these
safety measures. It is therefore necessary to engage all people in an organisation in the
attempt to reduce or eliminate accidents.

Method: The starting point of the project was a number of seminars with all people in
the organisation. The aim of the seminars was to put focus on risks in the
organisation, each individual’s perception of risk, and choice of method(s) to cope
with risky situations. During the seminar the concept risk was defined and discussed
and the participants produced their own lists of risks in the organisation. We also
discussed attitudes to risk, psychological aspects of risk assessment, unsafe behaviour,
and safety culture. The reasons for unsafe behaviour were also discussed. The
discussions produced a list of risky work tasks, risky behaviour, and perceived
attitude to risks in the organisation.
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In the next phase of the project we aimed at identifying error producing factors in the
organisation. As a theoretical point of view we were heavily inspired by James
Reason (Reason, 1997) and the Tripod-Delta method. Tripod-Delta can be regarded as
a safety philosophy and an integrated view on processes that may interfere with safe
behaviour or encourage unsafe acts. A basic assumption in Tripod-Delta is that it is
easier to change properties of the working environment and the organisation
compared to changing people. Tripod-Delta is based on research in Human Factors
and Ergonomics and has used this knowledge to define eleven factors (General
Failure Types or GFT:s) that may interfere with safe behaviour or encourage unsafe
behaviour. These GFT:s can be regarded as latent errors in a system and if they can be
reduced or even eliminated it may be possible to prevent accidents from happening.
By doing this we could be able to work with a proactive approach instead of a reactive
approach.

The eleven GFT:s are the following:

Equipment — quality and availability of tools and equipment

Design - usability of equipment

Maintenance management — planning of work

Procedures — the quality, relevance of procedures

Error-enforcing conditions — incompatible goals, organisational problems,

poor communication

Housekeeping — problems still existing for a long time

e Incompatible goals — goal conflicts on individual, group, organisational level

e Communications — channels do not exist, exist but are not used, reception
failures

e Organisation — unclear responsibility

e Training — poor or wrong type of training

e Defences — failures in detection, warning, protection, escape, recovery

In the next phase of the project all employers will be interviewed in order to get a
deeper understanding of the different GFT:s in the organisation. The result of the
interviews will be used to produce a description of the different GFT:s and select
some of them for improvement. Plans for correction of the selected GFT:s will be
produced and executed. We will follow and participate in this process. After a period
of about two years we are planning to evaluate the effects of the project and each
individual will be interviewed again. Other measures of progress, for instance the
frequency of incident reports and accidents will be used to assess the effects of the
project.

Results: The seminars are finished and we have collected data on risks in the
organisation and reasons for unsafe behaviour. One clear result is that procedures and
regulations for safe work must be analysed further. The interview phase has started
but no results are available yet. Discussions will be made with people at all levels of
the organisation and will hopefully lead to a common view on which problems that
should be addressed first.
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Discussion: Since the start of this project we have succeeded to detect and discuss a
large number of risks in the organisation. Attitudes to safe behaviour has been
investigated and to some extent measured. Some explanations for unsafe behaviour, in
terms of workplace factors and organisational factors, have been identified and
discussed.

An important aspect of the Tripod-Delta philosophy is that risks should be detected
by the people at the “sharp end”, meaning that those who actually are working with
different tasks are the experts of risks and know much more than people higher up in
the organisation. By engaging people at the “sharp level” in the work we hope to
make them participate in the future process of risk reduction and make them aware of
their own responsibility and ability to improve safety.

Since people in all levels of the organisation have been involved it has been possible
to see how people at different levels in the organisation have different ideas of risks
and different explanations for risky behaviour. Finally we hope to show that the
rather pessimistic view (Norman Accidents) expressed by Perrow may be wrong.
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Abstract - The rapid development of the healthcare system is leading to a
significant reorganizing of the hospital planning. Increasingly innovation
involves new articulation of spaces and redefinition of technological and
structural building components. In this context, flexibility becomes a
prerequisite of a new project approach to cope with the demands of
transformation. The purposes of this study are to evaluate how these new
“flexible hospitals” interact with the environment (external and indoor) and how
changing user requirements can be met by adaptive spaces, in order to
maximize the quality of relationship between hospital places, environment and
users.

1. Introduction

In the recent decades the healthcare places are faced with multiple factors of rapid and
strong change such as the increasingly innovation of medical science, specialization
advancements, technological equipment and telecommunication, the high costs for
medical care, the population ageing, the need to reduce the environmental impact of
complex structures, the more demanding patient linked to the growing consideration of
the central role of the patient and his needs in the care process.

All the innovation factors are leading to a development of new models for the
healthcare system, with a significant reorganizing of the hospital planning, design,
organization and management, especially with regard to the complex structure
dedicated to care, research and teaching (Capolongo, 2006).

These changes involve new articulation of spaces and redefinition of technological and
structural building components in the hospital design.

Moreover, these rapid mutations create a constant demand for modernization of the
hospitals already in use and, sometimes, even for those still under construction .

In this context of swift and continuous evolution, flexibility becomes a prerequisite of a
new project approach to cope with the demands of transformation of these complex
structures (Giofré, 2002).

However, how these “flexible hospitals” interact with the environment, both with global
and local components and indoor environment and users? How choices for flexible
arrangements can affect on the environment (external and internal) throughout the life-
cycle of the hospital and of its technological components? And, conversely, how
environmental and user requirements can be adequately answered through the design
of flexible places? What are the critical points and, on the other hand, the
environmental strengths of these new model of healthcare structures?

The issue of flexibility in the hospital design is the subject of the biannual work
“Research and development of innovative technological solutions addressed to new
performance and management models of health structures including health, services,
training and scientific research” carried out by a research unit of “Politecnico di Milano”
(Resp. E. Pizzi), within a wider national research into the “New strategic dimensions of
health facilities for care, training and scientific research of excellence: design criteria
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and models of organization for the university - intensive care hospital” (Resp. R. Del
Nord, cofinanced by Ministry of University and Scientific Research, 2007).

How “flexible hospitals” interact with the environment and how personal and changing
user requirements can be met by designing adaptive spaces are the specific issues of
the “Environment” sub-group of the “Politecnico di Milano” unit. The results of this
section are reported in this paper, together with a brief description of the whole unit's
work.

2. Objectives

The overall objective of the “Politecnico di Milano” unit was to identify new models of
lay-out and innovative technical and constructive solutions to promote sustainable
flexibility, enabling to implement future changes with minimal impact on building
system, operators and users.

The specific objective of the reported section is to minimize possible negative impacts
of spatial and technological solutions for flexibility on environment and users and
maximize the positive ones.

This by the evaluation of the interaction between the adopted solutions and the
environmental components and the subsequent creation of design guidelines for
flexible and environment/user-friendly hospitals.

3. Methods

The research work has been carried out by the members of the unit through a common
general approach, belonging to the “Architectural Technology” search field.

This thread is enriched by multidisciplinary contributions related to the specific research
areas of the unit members (technology, architectural design, construction, property
management, environmental design, ergonomics).

The activity of the research unit was organized in three work-packages (WP).

3.1 Hospital and flexibility
The first WP, which occupied the whole first year of the work, was dedicated to provide
common research basis, through two parallel actions carried out jointly by all members
of the unit .
An action was addressed to the construction of a grid for the analysis of four different
levels of flexibility, declined according to the different disciplinary perspectives of the
researchers involved :

- Hospital system

- Building

- Functional and environmental unit

- Technology — plant — structure systems
A parallel action was dedicated to the analysis on international and national case
studies on existing university hospitals, to investigate the different levels of flexibility
and the technological solutions adopted.
This first WP ended with the organization of an international conference, "Designing
Flexible Hospitals", organized by the research unit and by the “Design of healthcare
facilities” cluster of the Politecnico di Milano.

3.2 Relationship between flexibility and organizational design areas

The second WP was carried out individually by sub-groups, analyzing the flexibility
according to the specific viewpoint and tools of different areas of the involved
researchers:





- Building area

- Environmental area

- Management area

- Procedural area
The work of the sub-group “Environment” focused on the evaluation of the interaction
between the typological and technological solutions for flexibility, drawn from the
results of the first WP, and the environment, considering both the external and the
indoor-user aspects, prominent issues also in the Italian vision of new hospital model.
In reference to the external aspects, there were considered those generally analysed
for environmental assessment, such as material and energy consumption, emissions
and wastes (e.g. ISO 15392:2008).
About the indoor environment, there were considered both more “technical” aspects,
such as physical comfort and indoor air quality (Baglioni, Piardi, 1993), and more
“subjective” aspects related to the usability and psychological aspects such as user’'s
perception and understanding of spaces and equipment, domestic appearance,
privacy and socialization, territoriality. In reference to the recognized centrality of the
patient, the importance of “humanizing” healthcare places is one of the most widely
recognized issues, both in international and national context and was one of the ten
driving points proposed in the “New Hospital Model” carried out for the Italian National
Health Service by a research commission headed by Renzo Piano (AAVYV, 2001).
The hospital’s users requirements have been derived both from literature (e.g. Fornara
et al. 2006, Del Nord et al. 2006) and from surveys with direct involvement of users
(interviews, questionnaires and focus group with hospital patients, visitors and staff)
conducted by the sub-group members for related studies.

3.3 Design guidelines for Flexible University Hospitals

The third WP, still in progress, regards the draft of guide-lines for design of flexible
hospitals according to the identified level of flexibility and the requirements related to
the specific areas of research investigated.

4. Results
In this section are exposed the results from the “Environmental Area” work.

4.1 The design responses to the drive towards flexibility

There are several ways to analyze and categorize building flexibility. In relation to the
matter at hand, two broad areas have been identified, corresponding to as many
models of flexible setting:

- Neutral setting (use flexibility) — settings as neutral as possible, multi-functional,
capable of containing different categories of functions and users, of patient’s
changing acuity levels, of medical equipment and procedures (e.g. universal
room, multi-surgery theatre, etc.)

- Transformable setting (construction flexibility) — settings convertible through the
adoption of appropriate technology solutions allowing, with early intervention and
minimal increases in spending, to change and adapt spaces to new functions
(e.g. structural model and core facilities that do not restrict future changes,
removable prefabricated facade’s modules, paths for distribution of facilities and
people properly sized, light walls, etc.).

4.2 The impact of flexibility on the environmental components
Of course, every design choice determines typological and technological solutions that,
more or less, affect all the environmental aspects, both the external (consumptions,





emissions and wastes) and indoor (comfort, indoor air quality, usability, psychological
aspects).

However, the analysis carried out on the flexible hospital solutions in relation to the
external and indoor environment, has allowed to highlight some significant aspects to
be managed as a priority.

The following diagram (Figure 1) highlights the different levels of flexibility and the
identified critical aspects in relation with “neutrality” and “transformability” of hospital
places.

TRANSFORMABLE

High construction flexibility

Under reconstruction, aspects of
- material consumptions and
wastes,
- physical comfort and I1AQ

High impacts on functionality and
users in case of evolving requirements
without the needed reconstruction

High construction and use flexibility

In use, aspects of
- physical adaptive comfort
- usability and psychological well-
being

Under reconstruction, aspects of
- material consumptions and wastes,
- physical comfort and IAQ

CHARACTERIZED

Low flexibility

High impact on external and indoor
environment in case of evolving
requirements

NEUTRAL

High use flexibility

In use, aspects of
- physical adaptive comfort
- usability and psychological well-

being

High impacts in case of reconstruction

FIXED
Figure 1

4.3 Flexibility for the patient

The most advanced vision of healthcare is that of process in which user and operator

are both players in the care action; it has failed the idea of the operator who provides a

service and the user who receives it passively, both of them are involved in

constructing it. Is this possible in an environment totally impervious to the patient's

personality and the specificity of its psycho-physical condition?

Starting from the hypothesis that this new vision must be supported by the hospital

architecture, the study was aimed at defining a new design approach for the realization

of healthcare settings that could be "adaptive" to individual patients and to the complex

relationships and actions implemented in the process of care.

Several possible solutions were identified in relation to the need for adaptivity in

hospital rooms, including:

Typological solutions

- In case of rooms with more than one inpatient - design of environmental "niches"

(sub-areas identified as personal territories) with variable "level of
communication" (arranged in order to temporarily isolate areas within the same
room)





- In case of private rooms - variable communication between contiguous inpatient

rooms and between private rooms and connective.
Technological solutions

- Technical equipment and furnishings — screening, sliding vertical partitions,
movable furniture; dynamic light elements that allow the modulation of light and
colors (LED type); appropriate containers and/or shelves (for each area/user) to
be characterized by personal belongings.

- Supply of ICT systems and personal devices — computerized inpatient room with
individual system for environmental variables control (variability for “niche” and
contained in a range defined at central level in order to ensure acceptable levels
for health, safety and facilities management), with individual devices usable by
bedridden patients with different degrees of autonomy; possible integration
between clinical monitoring system and control of environmental variables; ICT
systems and devices for communication, both for use by the patient (e.qg.
interaction with the outside, ITC screen as “window on the world”) and operators
(e.g. interaction between inpatient units and areas for training and research).

5. Conclusions

The healthcare environment, physically and operationally, is now in a rapid state of
transformation and it is difficult to predict what the hospital of the future will look like.
Certainly in this context a flexible hospital seems to be the most appropriate response
to changes and evolving scenarios.

However this trend towards flexibility will deal with all the environmental components
and requirements that, by now, don’t lead necessarily to the same standards.

This work will be only a first step towards a new and integrated design approach that
attempts to answer the entire set of needs and requirements resulting from the whole
hospital system and its surroundings.
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Occupational accidents cause human losses and costs for companies, and companies want to
invest in prevention of occupational accidents. This research aims to find out if
management’s commitment has had positive results in reducing accident rate and if accident
rate and reported incidents (near-accidents) have same connection. Quantitative data of
occupational accidents and incidents was collected at shared workplaces in Northern
Finland. The method used in this research was an e-mail questionnaire. During the years of
research the accident frequency rates of principal and supplying companies have clearly
decreased and in the same time the incident reporting has increased significantly.

1. Introduction.

1.1 Safety management and occupational accidents.

One target for safety management is to reduce occupational accidents. Occupational accidents cause
human losses and direct and indirect costs for the companies and for the whole society. True cost of
industrial accidents for an organization is significantly higher than the direct cost, and it is
important to understand the real cost of an accident (Gavious et al., 2009). Safety management has
also a positive effect on safety performance, competitiveness performance and economic-financial
performance (Fernanandez-Mufiiz et al., 2009).

When organization introduces proactive measures to protect their employees, the company
gains a financial benefit in reduced lost time and workers compensation expenses (Vredenburgh
2002). Pre-determined standards reveal when safety performance needs to be improved. In active
and reactive monitoring the objectives are to determine the immediate causes of low level
performance, and to identify the underlying causes and the implications for the design and operation
of the safety management system. (Stranks 2005)

There are several types of accidents and for example O'Conor and Everson (2002) describe
the characteristics of accidents as follows:

- Accidents can involve injury or problems in health to people, damage to property, plant,
materials or the environment loss or disruption to the business.

- Accidents may be contained within the working system or break out of it.

- Accidents may vary in scale, complexity and interactivity.

Stranks (2005) defines incident as an undesired event that could result in loss or an undesired
event that could downgrade the efficiency of the business operation. Typical incidents are for
example a minor fire, flooding of a warehouse or an adverse product liability incident.
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1.2 Accidents at shared workplaces.

It is typical for employees from several different companies, entrepreneurs, and independent
workers to work simultaneously on sites especially in large-scale process industry (principal or
main company) (Vayrynen et al., 2008). Maintenance, cleaning, security and transport are the most
typical outsourced actions.

A study by Rantanen et al. (2007) verifies the continuous and current need to improve health
and safety performance within the supplying network in Finland. The study examined fatal
occupational accidents in Finland from 1999 to 2004, and nearly half of the studied accidents
occurred at shared workplaces.

Finland represented the average rate in EU in the incidence of accidents at work 1994-1999.
When the Nordic countries are compared during the same period, Sweden showed the lowest and
Norway the highest rates, while Denmark and Finland were in the middle. As a whole, the number
of occupational accidents has first decreased during the last 20 years in Finland, but in the last few
years it has increased slightly. The most problematic branches of industry have been manufacturing,
buildings (construction), transport and the municipal sector. (Rasénen 2007, MSAH 2005, FAII
2009)

2. Objectives.

During the late 1990s, high accident figures were one of the main reasons that led key people in the
Finnish manufacturing industry to think that some new interventions were urgently needed to lower
the figures. Accident figures show clear and transparent evidence that is available for top
management, health and safety experts, shareholders, owners, employees and all other stakeholders
including regulatory authorities. The number of occupational accidents can be seen as an indicator
of and a driver for improvements.

New requirements for managing health and safety (HS) has arisen at shared workplace.
Companies have grown globally and this also has increased safety demands. Several companies in
our co-operation network have started to concentrate on HS management and take notice to
reducing the amount and rate of occupational accidents.

One of the ideal management practices for HS management is genuine and consistent
management commitment (Mearns at al., 2003). Companies in our co-operation network have
shown commitment to HS management for example by participating to several research projects
during last 14 years that have concentrated for example on improving HS performance.

This research aims to find out if this commitment has had positive results in reducing
accident rate and if accident rate and reported incidents (i.e., near-accidents and/or
hazardous events) have similar connection that previous research has revealed (for example
Laitinen et al., 2009).

3. Methods.

Accident and incident data was collected from nine (N=9) companies situated in Northern Finland.
We use the Lost Time Injury (LTI) rate as a loss-based safety performance indicator (Kjellén 2000).
We define it here as follows: The LTI rate is defined as the number of lost-time injuries per one
million hours of work. A lost-time injury is an injury that causes at least one whole day to be lost
from work. Another collected measure was incident ratio, which can be defined as follows: incident
ratio is the amount of incident reports divided by the amount of personnel.
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All units or companies in this research have participated actively to several safety
management development projects, and for example most of them have been taken a part in
developing HSEQ Assessment Procedure to a shared workplace (Niemeld et al., 2009).

There are two groups of companies in this research that work together in shared workplace:
principal companies (N=5) and supplying companies (N=4). The data was collected by e-mail
guestionnaire and a time series consists of a 14-year period, from 1996 to 2009. The size of the
studied units varied, ranging from SMEs to international corporations.

In addition to collected data from companies, national accident figures in manufacturing from
1996 to 2008 were utilized. National figures include all compensated cases (FAIl 2009). National
accident frequency rate is converted to LTI (at least one whole day lost from work) because national
accident frequency includes all occurred accidents.

4. Results.

Accident frequency rates of principal and supplying companies have clearly decreased, during the
last 14 years, more than the national rates (Figure 1). The lines are determined for principal
companies (yearly rough averages of Npegple = 8,500 and Naccigents = 400, as cumulative figures for all
companies), supplying companies (yearly rough averages of Npeope = 850 and Naccigents = 70, as
cumulative figures for all companies). The national trend of accident rate in manufacturing industry
is shown as a grey area, which is based on approximately 27,000 accidents per year.

80,0

Accident rate

0,0
-96 -97 -98 -99 2000 -01 -02 -03 -04 -05 -06 -07 -08 -09

Year

Calculated LTI, Finland (manufacturing) e=@mprincipal companies @@= Supplying companies

Figure 1. Accident rates in principal (N=5) and supplying (N=4) companies versus national rate.
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Incident reporting started in the beginning of the 21* century in principal companies and in
last few years in supplying companies, and the amount of reports has increased a lot. Figure 2
illustrates accident rates and incident ratios of principal companies and Figure 3 shows supplying

companies’ corresponding rates and ratios.
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Figure 2. Accident rates and incident ratios of principal companies (N=5).
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Figure 3. Accident rates and incident ratios of supplying companies (N=4).
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4. Conclusions.

According to this study, accident rate and reported incidents have same connection that previous
research has revealed. When the amount of reported incidents increases, the rate of accidents
decreases.

Our current project (Niemeld et al., 2010), which results are the basis of this article, takes into
account health, safety, environment and quality aspects, this is similar to the definition of an
accident by Kjellén and O’Conor and Everson (2002) (see Introduction). Kjellén (2000) states that
an accident is a sequence of logically and chronologically related deviating events involving an
incident that results in injury to personnel or damage to the environment or material assets.

Accident figures have clearly decreased on average during last 14 years in these companies
more than national rates (c.f. Niemeld et al., 2009 and Véyrynen et al., 2008). Participation to our
safety management projects is one reason, but these companies have been also active other ways in
improving their safety management. For example by participation to the Zero Accident Forum has
had a clear positive result (Virta et al., 2009). It is difficult to say which actions have had the most
influences, but after all, the main goal is improvements and positive results in safety and health
management.
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Training of ergonomists in doing work-place risk assessments adopted for the use in
occupational health services
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1. Background and problem formulation

Education and training of ergonomists within occupational health services (OHS) should provide
the student-ergonomists with methods to integrate theory and practice. Students often have
difficulties in the translation of theory into practice, however. Students of OHS are mainly
focused on practical work. It is therefore a challenge to obtain integration of theory and practice
in the education of ergonomists, as well as other professionals within OHS. One way could be
to stimulate the students to ask themselves: “What knowledge do | need in order to solve this
problem?”; “How can these facts be used in my work as an ergonomist?”.

Ergonomists in OHS use knowledge about how work-life affects the human and how to handle
health-risks or other problems, like reduced work-ability. For this they need knowledge about
exposures in different occupations. They also need knowledge about the relationships between
exposure and possible effects on health and work-ability. Knowledge is also needed about
important rules and regulations in work-life. Practical knowledge is needed about how to
observe and document exposures and effects and about methods of risk reductions. Practical
abilities are often needed, like the use of measuring equipments, examination of exposed
workers a.s.0. The need to use evidence based methods in OHS has been focused on lately.
Thus, ergonomists in OHS need to integrate both theoretical and practical knowledge in order to
successfully handle their work.

OHS in Sweden, as in many other countries, are mostly delivered on an open competing
market where customer companies buy services from OHS delivering companies. The OHS
professionals work as consultants to the customers to whom they report the results. Different
professions work in a team, mainly ergonomists, doctors, nurses, hygienists, and psychologists,
covering different aspects of the tasks. OHS cover a wide range of activities — health promotion,
prevention of disease, health care and rehabilitation. One important issue is to assess the
health risks at work-places. It may concern single workers or whole groups and departments.
The risks could be due to ergonomic factors, but also other factors like psychosocial and
organizational factors, single or combined. Results are most often communicated by written and
oral reports to the customer companies. Thus, training in work-place risk assessments,
including reporting, should be a part of the education of ergonomists in OHS.

2. Objectives
To refine methods of work-place risk assessments integrating theory and practice in the
education of ergonomists in OHS.

3. Method /Results
This method builds upon three major steps: 1) site visits to work places making observations; 2)
risk assessments; 3) reporting the results of 1+2.

The students in ergonomics make site-visits to real (or simulated) work sites in order to
observe relevant aspects on a work-site or organizational level, depending on the issue, making
relevant measurements of exposure, interviewing workers, managers etc. This information is
used for health risk assessments by integrating it with the student’s acquired theoretical
knowledge about the nature of the exposures, health risks, individual vulnerability, prognosis,
etc. Suggestions for suitable interventions on an individual, work-site or organizational level
could be introduced as a further and more sophisticated task. All critical and major aspects must
be motivated with reference to the knowledge base. Also the choice of focus and methods of
the observations should be motivated. This stimulates students to active search for relevant
facts (theory). The students give both a written and an oral report of the results to the teacher
and the peer students simulating a real-life situation. References to the knowledge-base must
be given, but in a manner that is adapted to the imagined receiver. This will further increase the
transfer of the learning to future work situations. Feedback on the reports from the peer
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students and from the teacher are used together with self-assessments of the progress. Most,
except the oral reporting, can be done as distance learning. Students are assisted by written
instructions, guidelines and by tutoring.

4. Discussion

This method is very much oriented to real-life situations and will therefore increase the transfer
of the learning to the future profession as an ergonomist. It stimulates integration of theory and
practice, builds upon the student’'s own activities and is highly motivational as the students can
see the immediate use of it in their present or future work as an ergonomist. The method can be
used for training in risk assessments of single factors, e.g. ergonomical, psychosocial, and
organizational, or multiple and multilevel factors as is the case in most real life situations,
depending on the level of training and the mastery of the student. The method can be used to
train risk assessments of other outcomes than health risks, e.g. work-ability, wellbeing,
productivity, quality aspects, economics etc. The method is suitable for training of most OHS
professions focusing on different aspects and both for primary OHS education and also for
further education of those professionally active. The method is suitable for training in team-work
where different professional groups, e.g. ergonomists, doctors, nurses, psychologists, in a
fictive “team” can focus on different aspects and in cooperation integrate their findings into a
comprehensive solution and report.

The method can be used, not only for training purposes, but also for examinations. The
written and oral reports can be evaluated by the teachers against the criteria put up in the
learning objectives of the course (constructive alignment). Both the theoretical knowledge, their
integration into practice and the practical abilities of the students can be evaluated by this
method. The students should be asked to explain why, not only how.

Site-visits to work places are found in training of OHS ergonomists today, as well as risk
assessments and reporting. What is novel is the integration of them all into one model with the
focus on stimulation of the integration of theory and practice. Novel is also the elaboration of its
flexibility, adapting it to different levels of training, single or multilevel risk factors, different
professions and to training in teamwork.
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E-LEARNING FOR ITALIAN HEALTH CARE WORKERS;
A FIRST EXPERIMENT
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The use of e-learning in the healthcare sector has the potential to provide a
flexible, adaptable and highly accessible route to learning. A course about
patients’ handling (PHC) in hospital environment has been activated and
performed by 7811 users. The obtained results point out: good acceptance
(retention rate 83%) and effectiveness (success rate 79%), but it seems
participants didn’t fully gain opportunities from the e-learning advantages.
Conclusions provide a list of issues, in order to improve knowledge
acquisition goals.

1. Introduction.

Many papers report and convey positive opinion about the use of e-learning in the
healthcare sector, which has the potential to provide a flexible, adaptable and highly accessible
route to learning. In Italy e-learning for continuous medical education (CME) has been only
partially developed, despite of the common positive opinion of the potential users, and it has
often been confused with simple delivery of documents and questions through the internet.
Within an experimental project funded by the Italian Ministry of Health, an e-learning system
for CME has been developed for free of charge usage on the internet.

2. Objectives

Among all the available courses, a course about patients’ handling (PHC) in hospital
environment got a quite large number of enrolments (nurses and physiotherapists) in a span of
20 months. The participants’ basic actions have been inspected with the aim of getting some
hints about how to improve the development and the delivery of e-learning courses for CME,
and to promote knowledge acquisition at best.

3. Analysis
The course
PHC deals with: basic knowledge relative to musculoskeletal disorders, specifically linked to
biomechanical load during lifting actions and flexed postures; Risk factors and the
characteristics of spaces, patients, devices, furniture, and work organization which affect the
way the operator works, and the ergonomics of movements; Proper use of different types of
devices (ceiling and active lifter, low friction and assistive devices, bariatric solutions, ...) which
concur to risk reduction and patient safety enhancement.

The educational model is based on:

¢ An initial test (IT) (one attempt allowed), mandatory to access the learning modules;

o Self-learning structured modules for free navigation (including pdf printable version);

o Case-study exercises/test (CST) (4 attempts allowed, minimum score to pass the test:
75%), particularly effective in order to reinforce the learning process;

o A final test (FT) (4 attempts allowed, minimum score to pass the test: 75%) for the
evaluation of the results of the learning process in comparison with the IT;

o A satisfaction questionnaire that evaluates the subjective perception of the users.
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PHC is expected to be concluded in five hours, tests included. To stand the course both
CST and FT must be positively concluded.

The users

The different paths followed by 7811 users have been analysed, from enrolment to
conclusion/drop-out, then the behaviour in terms of effort, elapsed time, achieved result. The
following data were collected:

e Characteristics of the student: age, sex, profession

o Characteristics of the event: date of enrolment, IT result, CST result and number of
attempts, FT result and number of attempts, date of course conclusion, final outcome (passed
/not passed).

4. Results

During the observed period (20 months), 7811 users have enrolled in PHC. 5.2% of them
dropped-out immediately even before having performed the initial test (IT), reason maybe the
poor appreciation of the educational model .

7404 users (mean age 40.6, range 21 — 58; 74.5% females) attended the course in an
active way. They were mainly nurses (80%) and therapists (13.8%). Part of the sample (7.7%)
dropped out again in a sequent phase, after performing CST or FT. Maybe personal
characteristics have played a role in this behaviour (for IT results lower than 70, the message
sent was “you do need to attend PHC ...”). Despite a minority (2.3%) who again interrupted the
course, 6276 (84.8%) users reached successfully the end. Outcome in terms of knowledge
acquisition can be evaluated through the mean values of test results (table 1). The mean value of
FT results for successful students points out that there has been a pretty good gain in terms of
acquired knowledge. Similar comment can be done for students who didn’t pass the course. A
large number (2194) of successful students have completed the study of the learning objects and
have performed both the tests in just one attempt each, on the same day of enrolment.

Table 1 - Summary of students characteristics and learning process indicators

# Mean Median [Mean  |CST mean CST FT FT mean #
elapsed |elapsed |[IT result [result (%) mean # mean attempts
time time attempts result (%)

(days)
Course [N 4901/7.3 1 62.74 194.16 1.42 92.7 1.24
passed T 897 [10.3 2 71.39 193.8 1.48 93.7 1.21
Other (372 [9.19 0.5 65.71 193.10 1.53 93.5 1.29
Course |N 82 18.15 1 48.39 |70.6 3.7 68.10 2.54
not T 14 19.04 1 49.0 77.36 3.4 55.15 2.7
passed |Other |10 |2.6 0.5 46.39 [65.00 4.0 65.40 2.9

5 — Discussion and conclusions
For distance learning, literature (Farrel 2006) reports high drop-out rate. Limited

informatics literacy and attitude are often mentioned as the most frequent causes for drop-out. In
the present study retention rate is pretty high (83%).

The reported results show that PHC has been attended by a large number of users, until
they have reached their goal. CME e-learning courses are appreciated and requested, but there is
a common attitude to finalize the course in a short span of time. In particular, since PHC was
expected to take up around five hours overall, the student, who have finalized it with elapsed
time of 0 days, must have done it fairly quickly.

The participants didn’t take particular advantage from the opportunities offered by e-
learning in terms of time flexibility and multiple available attempts. The majority of users didn’t
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exploit the possibility offered by the system to understand where they have done mistakes and
hence to go back to the modules and further improve their knowledge. Further, few users got the
opportunity to put questions or observations to the available mentor.

The result of passing the course is often achieved, but not with the best possible outcome
in term of knowledge acquisition. A way to promote and incentive better quality of results
thanks to the flexibility of e-learning should be put in practice. Support could be given through a
sort of automatic mail delivery system with planned remainder and encouragement messages.

Beyond the basic principles of Website Usability and Course Usefulness (Atreja et al.,
2008), other communication aspects should be considered in the development of e-learning
systems that could be useful to provide knowledge improvement. In particular:

- Provide very clearly for rules and basic information

- Configure feedback messages considering different possible reactions

- Design courses that are few time-consuming

- Look for incentives to achieve the best results in term of knowledge acquisition

- Plan an affordable system to provide mentoring.
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THE HEALTHY OFFICE OF THE FUTURE
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1.Introduction

Sedentary, sitting work has become the most prevalent form of work for Norwegian
men and women today. All workers use computers some of the time, and some
workers use computers all of the time. This has led to a reduction in the need for
physical movement in most jobs. The digitalization of documents, video, photography
and medical journals has further reduced the need for much of the “non-sweaty
movements” in clerical type work.

2. Objectives

Our aim is to investigate methods of increasing movement in the office environment.
To be applicable in a real-life office, the methods need to be safe and effective. Safe
as in: The method should not increase the risk of developing any musculoskeletal
problems. Effective as in: Not disrupting the flow of work or reducing the speed of
accomplishment of tasks.

3. Methods
Literature search and case study description of our setup and testing of a “walking
workstation” to walk and work at a computer at the same time.

4. Results
There is very little research on the topic of walking workstations, or more generally on
increasing movement in the office environment.

Recent Australian research has shown the importance of the low grade activity
absent from office work. David Levine of the Mayo clinic has been researching what
he terms “Non-Exercise Activity Thermogenesis” and ways to increase movement in
the office.

The Norwegian Working Environment Law and its regulations (specifially regulation
528: Computer Work) encourages variation and specifically asks employers to
“consider alternatives to increase the physical activity among employees”.

5. Discussion

Based on the research of Dr. Levine we have put together the first walking
workstation in Norway. From our experience it gives a safe and effective variation to
sitting or standing while working at the computer.
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It may be beneficent for workers with coronary problems, back aches, restless legs
syndrome and more. Major drawbacks are costs and possibly increased strain on the
anterior muscles of the shoulder and the upper back. More research is needed to
assess benefits and drawbacks of the different alternatives to increase movement in

the office.
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Abstract

This paper reports on recent Danish research into how employee participation affects the
quality of the work environment. The research was based on the dual expectation that
employee participation has positive effects on the quality of the work environment (QWE)
but that these effects in certain organisational contexts may be usurped and even turned
into negative effects on the psychosocial work environment. The findings suggest that,
overall, participation, especially in its direct forms, works, but the more it is tied to
productivity targets, the more ineffective it is to contain psychosocial strain.

1. Introduction

The term employee participation is used internationally, but associated with different meanings.
It is the prerogative of management to distribute work, hire and fire etc. It may, however, see an
advantage in delegating decision-making powers to employees, who will often themselves call
for influence. Also, management may be compelled by law or collective bargaining to delegate
influence on decisions to employees. Thus, three foundations for employee participation are at
hand. One based on management’s delegation of decision-making powers to employees.
Another one based on the individual or collective effort of employees to decide by themselves
and a third is based on rights granted to employees by legislation or collective agreements.

The strength of employee participation is determined by its intensity as well as its scope.
Intensity can vary from the mere reception of information from management, over consultation
and joint talks and negotiations, to self-determination. Scope can vary from the operational level
(how the job is done), to the tactical level (matters pertaining to work organisation, technology,
pay systems etc.) and the strategic level (matters related to company missions and goals, etc.).
Participation, traditionally, is divided into two main forms; indirect or representative
participation, where influence is channelled through elected representatives, and direct
participation the latter can further be divided into three forms; individual, team-based and
collective. In the latter form all employees take part in a forum (e.g. staff meetings or ad hoc
project groups) that influences management’s decisions.

2. Theoretical background
The point of departure for the research is the surprisingly synchronous growth during the past
few decades of two phenomena. One is comprised of modern forms of management focusing on
human resources, empowerment and involvement of employees through teamwork, task
delegation and increased job autonomy; the other is made up of an increase in psychosocial
work environment problems and diseases. The question arises as to how it can be that increased
participation and increased mental strain and overload are concurrent. More specifically, the
ruling, empirically sustained paradigm for understanding the relationship between job demands
and the mental health of employees, based on R. Karasek’s and T. Theorell’s demand-control
model, is questioned. According to this model, increased participative decision-making allowing
for skill discretion increases the employees’ ‘job control” which compensates for increased
psychological job demands.

Employee participation in general is perceived as a beneficial development by all parties
in employment relations; good for employees’ well-being and motivation and good for
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productivity. However, at the same time it is a complex phenomenon with different meanings
and rationales. Hyman and Mason (1995) identified three fundamental, historically constructed
traditions: Employee Involvement (EI) building on a ‘unitarist’ conception of common interests,
Employee Participation (EP) building on the idea of a social compromise between two parties
with inconsistent interests, and Industrial Democracy (ID), building on the idea of workers’
right to decide for themselves at the workplace. While the tradition of EP includes a democratic
impetus, it is first and foremost expressed through reformist actions by the state building on a
‘social-integrationist’ rationale (Knudsen 1995). In the Scandinavian countries, participative
structures like works councils to ensure an ordered articulation of different interests have been
instituted by collective agreement. Representative participation is typical to this tradition.

Whereas the EP tradition and its institutions are still visible in Northern European
countries and in the “social dimension’ of EU, globalisation and the spread of neoliberal
thinking have been supportive of the first tradition, El. Basically aiming at increasing employee
output, this model departs from the belief that optimization of work performance takes more
than better physical conditions or higher wages. Already the *HR’ school of the 60s influenced
employers to establish task discretion and job enrichment. In the 80s, when quality and
reliability of production became more pertinent in international competition ‘Human Resource
Management’ successfully advocated employee empowerment and involvement as strategic
principles. Hence, employee participation may follow from the EI tradition at work in
companies, but then based on a rationale of “utility’ (ibid) and determined by management’s
offer of employee influence on decisions at task level. The typical form of participation in the
El tradition, accordingly, is direct participation.

Bearing these developments in mind we now turn to the paradoxical simultaneous
increase in participative work arrangements and psychosocial problems in the work
environment. In European surveys it is found that work intensity as well as psychological job
demands has increased. It is also evident in European surveys that job autonomy has increased.
Statistics as well as research, on the other hand, show that the psychosocial work environment
has deteriorated during the same period (Siegrist 2006; Pejtersen and Kristensen 2009). Hence,
it seems obvious to conclude that either the context at organisational or societal levels has
changed so much since the demand-control model was developed that increased job autonomy
no longer compensates for increased psychological demands, or that job autonomy by itself has
developed into a strenuous factor.

As others have already pointed out (Wainwright and Calnan, 2002) the demand-control
model was developed in a culture of industrial work and framed by a certain normative
assumption of a win-win scenario uniting interests of productivity gains with those of increased
health and well-being. It is possible that this discourse has in fact been surpassed by
management philosophies’ and employers’ way of carrying out job autonomy/employee
participation in line with the utility rationale in the quest for internal organisational flexibility.
Furthermore, changes in societal or cultural factors of identity and consciousness, e.g. the
processes of individualisation and self-realisation may have changed the model’s workings. The
surrounding societal factors lie beyond the scope of this study, whereas the possibility that job
autonomy has been decoupled from its propensity to contain stress forms the basis of the study’s
second assumption. It is possible to conceive of the process in which management ideologies
and practices have appropriated employee participation as a transformation of the content of
participation: from a mutual recognition of a social compromise between two parties with
different interests to a mutual recognition of company needs to which the individuals must
subordinate their own interest. Participation may thus no longer be constructed as a means to
promote individual or collective wage earners’ interests, but as a necessary contribution to the
success of the company and of the individual on the premises of the company.

Literature on the relationship between direct participation and the work environment has
ambivalent findings. Reviewing international research on teamwork, Jessen and Hvenegaard
(2000) found a two-sided effect in the work environment. Job-satisfaction increased but so did
psychological demands often leading to blocked social support at work. Kalleberg et al (2009)
found that while participatory elements like job autonomy and consultation reduced stress
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among Norwegian workers, teamwork, had the opposite effect. It seems reasonable to maintain
that participation in its modern forms has lost some of its capacity to provide the type of ‘job
control’ that Karasek and Theorell found effective in offsetting psychological strain. Employee
participation may be framed in a way and/or embedded in contexts that only partially or
seemingly put employees in control. The reviewed literature (more thoroughly presented in
Busck et al (2009), gives reason to believe that participation may fail to deliver employee well-
being, notably if: 1) work demands are so excessive that even the highest degree of job
autonomy does not take away the pressure, 2) participation is individualised to an extent that
relations of solidarity are disturbed and collective efforts against over-exploitation abandoned,
3) participation is embedded in productivity-targeted work systems, which pre-empts skill
discretion, or 4) participation is socially constructed as a one-sided commitment to company
values.

In our study we expected that the work environment effects of employee participation in
all its forms would, overall, show a positive relationship, but also that, possibly, specific
examples of organisational contexts could be found, in which participation would not contribute
positively to the work environment or even influence it negatively. To guide our investigations
we formulated two research questions: 1) how is employee participation in its different degrees
and forms associated with work environment quality? 2) Which mechanisms are active in
bringing about a positive or negative effect from participation on work environment quality?

3. Design and methodology

The study was conducted as a multiple case study of 11 workplaces from six industries.
Employee participation was defined as all ways in which employees take part in decisions
regarding their job and their workplace. Our ambition was to uncover all forms and processes of
participation, as well as the level of influence (the intensity of participation) as well as its scope.
We perceive influence as the possible outcome of participation.

Analytically employee participation/influence was defined as independent variables,
while QWE was defined as the dependant variable. Qualitative data were compiled through
interviews with top and middle managers, shop stewards and H&S-representatives in all
companies relating on H&S issues, the participative regime at the workplace and the way it was
embedded in wider organisational structures and embraced by policies and values. A
questionnaire was used to get lay employees’ assessment of different aspects of QWE and well-
being and their influence on different aspects of the job. Other significant factors in the WE
were covered as well, such as support from colleagues and recognition from management.

4. Findings: the interplay between participation and QWE:

By transforming the employees’ qualitative assessment of their work environment and well-
being into a numerical scale from 0-40, the results were quantified as shown in the table below.
For well-being the order is reversed so that a high score means the relative absence of problems.

Workplace Total work Psychosocial Physical work | Well-being
environment | work environment | environment
Hospital Y 33,0 33,0 35,1 30,0
School X 29,0 28,0 28,0 27,7
ITX 28,8 27,6 30,5 26,7
Hotel X 28,3 29,6 25,2 26,8
Hotel Y 28,3 27,8 26,5 25,5
Bank X 27,9 27,3 29,4 24,8
Bank Y 27,6 27,1 27,6 26,2
Factory X 26,2 25,8 24,5 28,8
Hospital X 25,8 29,4 18,9 27,3
School Y 24,4 23,4 22,0 24,4
Factory Y 22,3 22,3 23,0 20,5
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Table 1: QWE-scores. The scores on different aspects of WE and well-being for the 11
workplaces (two highest scores in bold). Workplaces ordered after the score on first variable.

The scores correspond well to our findings in the qualitative study — with one exception,
hospital X., which is explained by a very low score on physical WE due to a widespread
dissatisfaction with the ward’s old and run-down premises. On both psychosocial WE and well-
being hospital X scores among the highest ranking.

The strength of direct participation was measured by questions about influence on core
issues pertaining to the job and workplace, including learning possibilities and the existence of
collective efforts to influence work demands. Results are shown below.

Work- Influence Influence | Influence on | Informa | Learning | Collec | SUM
place on work onwork | work tion possibilit | tive Rank
load speed arrangement ies efforts | order
HospitalY | 21.9 23.8 29.5 27.6 34.9 27.6 1
School X | 24.0 27.0 31.0 30.0 29.0 19.0 2
ITX 23.8 26.1 27.2 18.4 27.0 20.0 7
Hotel X 26.5 29.6 27.8 235 28.3 19.5 4
Hotel Y 17.4 18.7 23.5 24.3 25.2 22.9 9
Bank X 20.3 22.1 25.8 21.2 29.4 19.7 8
Bank Y 21.0 23.8 25.2 19.5 28.6 22.4 5
Factory X | 15.2 25.0 20.2 20.3 17.7 21.1 10
HospitalX | 21.8 24.0 27.7 27.7 33.1 26.9 3
School Y | 24.1 26.1 29.3 19.8 29.0 18.1 6
Factory Y | 17.2 20.4 23.0 16.4 24.2 21.3 11

Table 2: Workplace scores on direct participation variables.

Table 1 and 2 demonstrates a pretty good match between level of QWE and direct participation.
The strength of representative participation was also measured and presented almost the same
match. Correlation analyses confirmed a strong and statistically significant correspondence.
Analysis of the influence of other factors forming the WE showed that some of these could
mitigate the negative effects of low levels of participation, but in most cases there was a
correspondence between high levels of participation and high levels on these other variables.

Although having to do with ‘good” workplaces (otherwise they would not have let us in),
the employees’ responses regarding psychosocial WE not only differed significantly between
the workplaces, but also placed five of the workplaces below the national average, when
compared with the national aggregated data on ‘job satisfaction’. Focusing on contextual factors
we applied “participation profiles’ as an analytical model. Based on the configuration of
management-employee relations and organisational structures and values at all the workplaces,
we identified four profiles linked to one or of two regulatory models (IR and HRM):

Democratic model Bipartisan model HRM model HRM/partnership
model

School X Factory X ITX Bank X

Hospital Y Factory Y Hotel X Bank Y

Hospital X School Y Hotel Y

Table 3: Workplaces grouped according to participation profile

All findings showed that participation was relatively well developed at all workplaces, but the
way in which it was embedded in the organisational context differed along a number of
parameters: the extent to which management as well as work organisation at the studied
workplace was more or less controlled by a concern management, the way in which
representative channels were developed, the way in which participation was part of an all-
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inclusive attempt to secure employees’ voice and interests, and the way in which it was
accompanied by systems of performance measurement and pecuniary rewards.

Notably, the three workplaces with the democratic profile had the best psychosocial WE.
In the other end, the three workplaces with a bipartisan profile had the worst psychosocial WE.
Factory X was also low on participation; hence a paradox did not exist. Factory Y, ranking
lowest of all on QWE, had a relatively low score on participation in the responses from
employees. However, management had invested much energy in the introduction of a ‘lean’
system of work organisation, at least in theory providing decision-making powers to employees.
Our material showed a spilt in the group of employees between some embracing the new system
and some opposing it. The findings suggest an example of a transformed mode of participation,
where the interests of employees were overruled to the benefit of productivity targets with a
negative effect on the psychosocial WE. School Y, also very low on QWE and with records of
teachers that had succumbed to stress, scored high on participation. We see it as partly a result
of a transformed participation as job control had been increasingly transferred from the single
employee or his workplace to central administrative bodies and partly as a result of weak use of
existing options for participative decision-making (which is obviously possible as school X
showed).

5. Conclusions

Our findings lend support to our main hypothesis that participation effects QWE positively.
Direct as well as representative participation correlates positively with QWE. Other factors are
also positively correlated with QWE, and, although workplace participation may be a necessary
condition for high QWE, it may not be a sufficient condition. However, the way participation is
framed by management policies and embedded in the organisational context conditions the
effects of participation on QWE. The stronger participation is with respect to intensity and
scope and the more diverse with respect to forms, the better is QWE. In particular, it seems that
direct collective participation, found at the workplaces with a democratic governance system of
management-employee relations, is very helpful in coping with strenuous psychological
demands. On the contrary, the positive effect of participation may be hampered and even made
into a negative factor, if participation is limited to operational issues, framed by a top-down
involvement scheme and/or linked to productivity targets and performance control of
employees. Although our sample was small, we did find some support for our second
hypotheses about the transformed character of participation, which may explain why the
demand-control model no longer has general validity. Job autonomy may have increased during
the past few decades, but job control, implying influence not only in the job, but also over the
job, i.e. the working conditions including psychological demands, may actually have decreased
as work systems and procedures have been stream-lined, standardized and computerized to
serve productivity targets in increasingly larger and centrally planned organisations.
Participation without access to influence in such matters is no longer capable of maintaining the
necessary balance between the interests of the organisation and the interests and resources of its
employees.
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Introduction: Irregular working hours, as are found in the Norwegian petroleum
industry, are associated with increased risk for long term negative health effects and
increased work-family imbalance. Mechanisms leading to these negative outcomes are

not well understood.

Objectives: To acquire knowledge on the recovery processes after compressed and
extended working weeks as a mediator to long term negative health effects, as well as

knowledge on the effects of these work time arrangements on work-family balance.

Methods: A diary study with repeated measures over a period of 14 days will form the
main data source, with saliva cortisol samples and open interviews as secondary data

sources.

1. Introduction

1.1 Irregular Work Time Arrangements

The debate on working hours is a continuous one, with current hot topics as duration of the
working week, compressed working weeks and shift work (Akerstedt & Kecklund, 2005). Due
to the increased 24-hour economy flexible hours, shift work and longer days have become more
common (Harrington, 1994).
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Shift work, as well as long working hours, has been associated with an increased risk for
long term negative health effects. These include cardiovascular disease and diabetes, and
specifically for shift work cancer and gastro-intestinal problems (Lie et al., 2008). The
introduction of compressed working weeks, as well as worker-orientated flexibility have been
popular ways of changing the organisation of irregular work in an attempt to reduce these
negative effects (Bambra et al., 2008; Joyce et al., 2010). Compressed weeks encompasses
longer work hours a day over decreased number of work days, as to work the required weekly
hours in less than 5 days. Flexibility incorporates concepts as self scheduling and graded
retirement (Joyce et al., 2010). Although the introduction of flexibility has been seen to serve its
purpose in reducing negative health outcomes (Joyce et al., 2010), recent findings indicate that
compressed working weeks do not induce the desired results (Bambra et al., 2008).

Irregular working hours are additionally associated with psychosocial effects due to
balancing work and family life (Haines et al., 2008). This is partly due to the lack of time the
shift worker has with his family, due to the desynchronised rhythm between shift work and
family life (Haines et al., 2008). Compressed working weeks, however, have been seen to
improve work-family balance, increasing the available time to spend with the family
(Bambra et al., 2008).

1.2 Mechanisms Leading to Impaired Health

According to the stress and shift work literature, activation of the body’s physiological systems,
especially when prolonged, is seen to mediate the onset of negative health effects (Meijman &
Mulder, 1998; Lundberg, 2006). Work related stressors, as well as balancing work and family
life, are seen to cause physiological activation (Bergman et al., 2008), which when prolonged
can have detrimental effects (McEwen, 1998). Recovery, on the other hand, is hypothesised to
alleviate or even prevent these negative effects (Meijman & Mulder, 1998). Recovery is the
stabilisation of physiological activation to a baseline level, or with other words psycho-
physiological unwinding (Geurts & Sonnentag, 2006). The importance of which is made clear
by the statement that the lack of recovery can be a greater health problem than the actual levels
of stress or physiological activation (Lundberg, 2005).

Fatigue, in the case it is prolonged, is another factor that is seen to contribute to the onset of
negative health outcomes (Sluiter et al., 1998). It is hypothesised that repeatedly starting work
during a fatigued stage requires extra exertion on the part of the individual, taxing the
physiological systems even more, and leading to chronic fatigue which in turn can lead to long
term adverse health effects (Sluiter et al., 1998).

1.3 The Norwegian Oil Industry

The oil industry has combined compressed with extended working weeks, where longer days are
worked (10-12 hours) over several consecutive days (7-21 days), making longer leave periods
up to several weeks possible. Such shift schedules are found where round-the-clock production
processes are necessary and remote locations of the worksites make daily commuting practically
impossible. These shift systems require longer commuting and spending lengthened periods of
time away from home (Harma et al., 2007).

Although the schedules vary greatly, a common Norwegian offshore rotation schedule is a
14 day tour, followed by a 28 day shore leave. All employees work 12 hours shifts, with 42.9%
working day shifts only, 2.4% working night shifts only, and 54.7% working various
combinations of day and night shifts (Harma et al., 2007). In contradiction to offshore
personnel, not all onshore personnel work in compressed and extended style. Approximately a
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quarter of onshore employees have similar work time arrangements to those found offshore,

with 12hr shifts during a 2 week tour, followed by 2-3 weeks leave (Harma et al., 2007). Most
of those working in offshore resembling rotation schedules make use of lodging facilities near

the installation, spending longer periods of time away from their families?.

2. Objectives

Firstly, the study is aimed at increasing knowledge on the levels of self perceived fatigue and
self perceived need for recovery during compressed and extended working weeks and the
factors that influence them. Secondly, the study is aimed at gaining a better understanding of
how the process of recovery evolves after compressed and extended shift working weeks, as an
intermediate between work load and health impairment. Thirdly, this study intends to acquire
knowledge into the effects of the shift rotations found in the petroleum industry on challenges
and adaptations associated with shift work and family life.

3. Methods

This research project is an exploratory, cross-sectional study with repeated measures, using a
combination of self reported and physiological variables. The project consists of one main study
- 1) diary study; and two sub-studies - 2) saliva tests, and 3) open interviews.

Diary study The diary study will consist of a short questionnaire that will be filled in daily for
the duration of 7-14 days, depending on the length of the free period. The diary study will start
on the first day of leave directly following a compressed and extended work period. A total of
225 people will be included in this part of the study.

Saliva tests A sub sample of 46 people from the diary study will conduct saliva tests to measure
cortisol concentration. The tests will be done 3 times a day on 5 predefined days simultaneously
with the diary study. A saliva test is taken with a utensil similar to a cotton Q-tip, which the
participant will have in his mouth for 2 minutes and then place in a plastic tube that will be
sealed and refrigerated until fetched by the researcher.

Open Interviews Open interviews will be held with a sub sample of 40 people from the diary
study together with their spouses (total of 80 people). The interviews will be held shortly after
the last day of the diary study. The first part of the interview will be held together, where after
the employee and spouse will be interviewed separately to be able to speak freely about their
situations. The interviews will be audio-taped, and transcribed using a standardised procedure.

3.1 Inclusion/Exclusion Criteria

Inclusion Criteria: 1) Male onshore and offshore workers in the Norwegian petroleum industry
who work in compressed and extended work time arrangements. 2) Two consecutive years of
shift work experience directly prior to the study. 3) Parental responsibility for children younger

1 IRIS has access to data gathered by the Petroleum Safety Authority Norway for the project “Trends in
Risk Level on the Norwegian Shelf’
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than 18 years of age. Additionally the saliva tests require a) offshore workers, b) either a
permanent day -, night or fixed-shift schedule; and the open interviews require a ¢) partner or
spouse.

Exclusion Criteria: Taking medication or having an illness that is known to influence fatigue
or cortisol excretion.

3.3 Outcomes

Diary Study For the working period need for recovery for the past working period will be
assessed in a retrospective manner with the Need For Recovery Scale (van Veldhoven &
Broersen, 2003). Chronic fatigue over the past two working weeks will also be assessed
retrospectively, using the Checklist Individual Strength (CIS) (Beurskens et al., 2000).

During the leave period need for recovery will be assessed using a scale based on a
questionnaire on rest and recovery from work by Gustafsson et al. (2008). This questionnaire
will additionally encompass self reported fatigue.

Salive tests Primary outcomes for the saliva test are the following variables on day 1 of the
leave period: Cortisol Awakening Response (CAR), cortisol concentration 30 minutes after
awakening (CAR +30) and average cortisol concentration. These are seen as the cumulative
effects of the working weeks. Further, for the remainder of the study period CAR, CAR+30 and
average daily cortisol concentration during the remaining days will be of interests.

Open interview Questions will be aimed at acquiring in-depth knowledge on the employee’s
and spouse’s perceptions of readjusting to the free period and expectations with regards to the
employee’s recovery needs, household activities, child rearing and activities undertaken to meet
each other’s expectations. The spouse will additionally be asked to share her experiences of
living with a shift worker.

4. Analysis

Linear mixed models will be used to analyse data on the following dependent variables: self
perceived fatigue and need for recovery during the working period and cumulative cortisol
excretion on day 1. Due to the repeated measures of the variables related to the recovery
process, Generalized Estimating Equations (GEE) will be used to analyse patterns in need for
recovery, fatigue and cortisol concentration over the leave period.

The qualitative, exploratory and theory building nature of the open interviews argues for the
use of constant comparison analysis. The units of analyses will be at the couple level.

5. Discussion

Firstly, the project will attain knowledge into the self reported need for recovery and fatigue
during, as well as following, compressed and extended working weeks. It will further
investigate the factors that influence need for recovery and fatigue, both during and after
compressed and extended working weeks.

Secondly, the project will acquire explicit knowledge on working night shifts in compressed
and extended style with regards to the recovery process. Physiological recovery parameters will
be combined with self reported recovery parameters from the diary study to investigate,
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amongst others, the duration of the recovery process and the relationship between physiological
and self reported recovery.

Thirdly, the open interviews will answer questions on divergence and convergence of
expectations the employee and his spouse have as to recovery needs, household and child
rearing responsibilities. It will further be able to explore the coping strategies that are adopted to
facilitate each other’s needs, as well as their experiences associated with positive and negative
aspects of compressed and extended work time arrangements on family life.
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Introduction

Nowadays there are many kinds of manufacturing processes which are mechanized and
computerized. But still in some processes there is a need for manual physical load lifting and
handling. Based on experience in the risk assessment procedures at the work places, authors
state that monotonous load lifting is widely spread among packaging processes in various
manufacturing companies. In the research the investigation of load lifting and moving was made
in packaging process for different industries: wood processing, cellulose manufacturing, food
processing, machinery and recycling.

Objectives
The objective of the research was to analyze load lifting and moving in packaging process
applying ergonomics research methods.

Methods

For the general assessment of ergonomic risks Key indicator method (KIM) (Buckle P., Li G.,
1999) and Method of Quick Exposure Check for quick identification and assessment of
workload’s influence was used (Brown R. and Li G, 2003). National Institute for Occupational
Safety and Health (NIOSH) lifting equation was applied in assessment for lifting and lowering
tasks (Waters et al., 1993).

Results

The results show that workers may lift and move greater load during the work if reduced arm
movements and the distance of moving the load or other NIOSH multipliers values. Packaging
operators in many cases need to elevate and displace the various objects as well as work
includes compulsory work postures (III to IV risk degree by KIM). Used methods effectively
allowed determining additional risk probability in respect of possible traumas in different parts
of the body.

Conclusions

Workload in packaging operations is an endangerment to the workers’ health in various
companies. For this reason special attention has to be paid to necessary preventive measures in
order to allow fatigued muscles to relax like relaxing exercises, increasing of length and
frequency of rest breaks a.o. Further, more detailed investigation of physical load is necessary in
all investigated organizations. Ergonomics risk assessment methods used in the research were
appropriate to analyze packaging processes in order to provide prognosis work-related
musculoskeletal disorders. The necessary preventive activities to reduce the heavy workload in
packaging can be achieved by improving work organization, work environment and
technologies.
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Introduction

The wood-processing in Latvia is one of the leading sectors of the economy. Its added value
consists of nearly a one fifth of total manufacturing industry output. Latvian wood-processing
industry employs 15% workers of total employment in Latvia (Economic Development of
Latvia. Report, 2009). In this industry woodworkers are exposed to an intensive work, long
work hours, forced/constraint work postures and overexertion of specific parts of body during
the work (Stasa J., Roja Z., 2001).

Objectives

The research aimed to estimate the muscle fatigue of woodworkers applying myotonometric
method.

Methods

The study group consisted of 30 woodworkers aged between 23 to 65 years, length of service
between 5 to 35 years. All the woodworkers were right-handed. For the study firefighters-
rescuers were selected following such criteria: no acute musculoskeletal symptoms, and full
consent to participate in clinical measurements. The inclusion criteria were: age; having chronic
pain; full consent to participate in the study. The exclusion criteria were: acute pain; having not
been to mandatory medical examinations. Assessment of the functional state of skeletal muscle
(including determination of muscles fatigue) was carried out using myotonometric (MYO)
measurements with the MYOTON-3 device (Vain & Kuum, 2002). This device allows to
measure muscle contraction frequencies (Hz) and stiffness (N/m).

Results

Measurements of following muscle groups were done: m. extensor digitorum; m. flexor carpi
radialis; m. gastrocnemius; m. tibilais anterior; m. trapezius. Measurements for determination
of muscle tonus during one-week work cycle were done when muscles were relaxed before the
work cycle. The results show that fatigue exists in all investigated muscle groups
(corresponding to Il and Il MYO category) of wood loggers and muscle tonus and fatigue
increase mainly depends on workers physical preparedness and length of service, less on
workers age.

Conclusions

Myotonometric measurements are suitable for objective determination the state and fatigue of
such muscle groups: m. extensor digitorum; m. flexor carpi radialis; m. gastrocnemius; m.
tibilais anterior; m. trapezius. Method of myometry is suitable to estimate the early skeletal
muscles disorders and the method is easy to use at the workplaces.
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Rotation schemes reducing daily working time with knife to 6 hours were planned and
implemented at a meat cutting plant in a participatory process. These changes were
evaluated concerning results, the change process and consequences on organizational
performance. A questionnaire to the meat cutters and interviews with the production
leaders were conducted. The results support that the meat cutters experienced the
changes positively and that a reduction in physical and mental fatigue was reached.
Other experiences were mixed indicating that both work organizational characteristics
and local history should be taken more into consideration. The organizational
performance was not particularly affected.

1. Introduction and aim

In order to improve working conditions for meat cutters, the Swedish Meat Industry Association
and the labour market parties in the meat industry formed a project together with KTH. The aim
was to improve the meat cutters working conditions as well as the competitiveness of the
industry. The project included researchers, representatives from companies, the business
association and trade union in an interactive approach. Also, the Swedish Work Environment
Authority (AV) initiated improvements concerning the working conditions due to the high
incidence of work related musculoskeletal disorders (WRMSD) and injuries among the meat
cutters (AV 2008). These problems are well known and previous research agrees that WRMSD
are multifaceted and have many causes also among meat cutters (Caple 1991, McGorry et al.
2004, MacKinnon et al. 2009, Mathiassen and Winkel 1996, Tappin et al. 2008, Tucker 2003).

In 2008, partly as a result from the demands of AV, the largest companies had to reduce
the meat cutters’ daily working time with knife to maximum 6 hours per day along with some
other organizational actions like appropriate breaks, medical surveillance etc (AV 2007).

One of these companies had four plants of which this paper deals with one. This plant had
four meat cutting departments. The beef cutting and the pork cutting departments have both
skilled meat cutters and additional employees for packing tasks. The pork cutting department
work both day and night shift; at the night shift the majority is from temp agencies and non-
Swedish speaking. Most meat cutters are men. Moreover, in the pork cutting department, meat
is cut both at paced lines and on individual tables. In the last department the work consists of
de-fattening (skinning) hams and there are no additional employees for packing. This
department has more women than the others. The wages in all departments are based on
produced volume, yield and employment time.

In the beef cutting department there had been a previous major change in implementing a
flow line, in February 2008. Previously the cutters each had pulled the whole carcass, brought
down by quarters, by a conveyor line from a cold storage room. The meat cutters stood two by
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two, facing each other. Their work consisted in cutting bone free and in details such as sirloin
and brisket. This work included heavy lifting, pushing, carrying and throwing.

The new layout consists of 2-3 persons cutting carcasses in chunks consisting of more
than one cutting detail (10-20 kg) and letting it all fall down on a driven belt. These chunks
were then transported by the conveyor belt and buffered before a number (~20) of parallelized
trimmer work stations, each having one chunk in buffer. When a meat cutter, called “trimmer”,
was ready, he/she ordered the chunk down and it fell on the table in front of him/her. After the
meat was cut in detail in sirloin, brisket and so on, the cutter could push all pieces into holes
where other conveyor belts transported the parts for packing. As the work stations were
parallelized, each trimmer could work at his/her own pace. All beef cutters stood side by side,
facing the flow line and having little opportunity to talk or walk about as a natural part of the
work. The new order meant doing exactly the same tasks as before, in shorter cycles but no
lifting, carrying or throwing but pulling, shoving or letting the meat fall down. At the flow line
it was more difficult for the cutter to see how the work progressed during the day. In the beef
cutting department the wages were also based on quality yield.

In order to acquire 1,5 knife free working hours per day, additional tasks were taken from
non-skilled work. The layout and cutting process remained unchanged and all tasks previous
made by cutters still were. The day was divided in five positions for each area or line. One of
these was a knife free position. The new schedule meant maximum 1,5 hour of work and each
pause minimum 15 minutes, except for lunch being 30-35 minutes. The meat cutters rotated
between these tasks. Each department had formed their own rotation schedule in an agreement
between production leaders, trade union and employees, partly dependent on production
demands. The order in which the knife free position occurred differed during the week for the
beef cutters but in one pork cutting line it was always the last working position of the day.

The planning and implementation were conducted in a participatory way, together with
representatives from the workers. The changes were implemented in January 2009. The present
study deals with assessing the results of this implementation in the plant described above.

The aim of this paper is to assess the change process, how the changes were experienced
and consequences for the meat cutters in terms of physical demands and risks. A second aim is
to evaluate consequences on organizational performance.

2. Method

A questionnaire was developed for the assessment. It comprised 8 background questions, 27
multiple answer questions and 3 open questions concerning advantages, shortcomings and
miscellaneous. Of the multiple answer questions, 11 were devoted to physical discomfort and
physical and mental demands and 16 compared the old work organization with the new one
concerning different aspects like the experience of the new organization, working pace,
cooperation and responsibility etc. The questionnaire was distributed to the meat cutters in the
four departments in June 2009. There were no means to translate the questionnaire to several
languages, why the hired personnel (not Swedish speaking) were excluded. On the night shifts,
we had access to a few from the pork cutting department and none of the beef cutters, as
remaining belonged to temp agencies. All meat cutters had the opportunity to answer the
questionnaire during working hours. At that time approximately 182 meat cutters were
employed, including those from temp agencies. The response rate was 38 %. 70 meat cutters
answered the questionnaire which is the base for the results. The divergence consists of meat
cutters being absent or not being able to be reached by some reason and the 75 cutters from
temp agencies. No meat cutter declined to answer, i.e. active drop out is zero.

Interviews were individually performed with the four supervisors in May 2009 and notes
were taken by hand. These interviews followed the design of the questionnaire concerning
topics, however with more open ended answer possibilities and the questions were also adapted
to the perspective of the supervisors. In the results, these two sources have been combined.
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3. Results

Compared to the previous way of organizing work, the meat cutters experienced less physical as
well as less mental demands at work and were clearly positive to the new order (Tablel).

Table 1.
standard deviation (R).

Scale from 1 to 7, 1= much larger/worse, 4=being unchanged, 7=much less/better

The meat cutters’ experiences of the new working order. Mean values (m) and

Pork cutter | Pork cutter Beef
day shift | night shift cutter Skinner
n=22 n=8 n=28 n=12

m R m R m R m R
How do you like the new working order, 541 | 14| 463 |13 |411|1,97|583 1,03
compared to the old?
How do you experience your physical
fatigue with the new working order, 536 (1,114,388 |1,5|4,36/1,47|5,33|1,55
compared to the old?
How do you experience your mental fatigue
with the new working order, compared to 483 | 1,1| 4,13 |1,5|3,71|1,44|4,67| 0,9
the old?

When expressing this in own words, those who were positive said: “Work is less
monotonous, wearing less on muscles and joints. In the long term maybe we can work a few
years longer.” Those negative: “Hard to keep a steady flow in my cutting because of rotation. I
cannot plan my day or affect my wages. | worry about profitability of the company, due to us
not cutting all day. ” The majority (42) in all departments agreed on the work pace being right.
23 believed it too fast; 3 from pork cutter day shift and 1 beef cutter believed it too slow.
Regarding the work organization characteristics investigated the general impression is that the
cutters experienced the changes to be small and the dominant answer is unchanged. Regarding
cooperation, responsibility and variation, however, there is a slight overweight towards an
increase and regarding use of skill, meaningfulness and less tied and more free there is a slight
overweight towards a decrease (Table 2). Moreover, there are also differences between the
departments reflecting the different departmental changes and history. The pork cutters day shift
and skinners were the most positive to the new order and were having more meaningful and
varying work as the pork cutters night shift and beef cutters experienced the opposite. The pork
cutters working day shift felt a diminishing need for their professional skill, otherwise being
positive. The skinners perceived a reduced support from their production leader, otherwise
being positive. The beef cutters were mostly negative, followed by the pork cutter night shift
being slightly less negative. All groups felt they got more responsibility.

The production leaders described the change process as largely planned and carried out in
a participatory way, thus ensuring employees, the trade union including safety representatives
and the production leaders to cooperate in planning the changes and their execution in the four
departments. The interviews indicated that organizational performance was not particularly
influenced. The production leaders agreed on a slight decrease in produced volume on the one
hand and improvement on yield and quality of performance on the other. In describing the
results, the four production leaders agreed that with knife-free work and a better balanced
schedule, the working conditions had improved. The production leaders” experience was that
most meat cutters appreciated to get away from the meat cutting to less muscular demanding
tasks at one position a day. There was also a reduction in absenteeism, which may depend on
these changes.

On the question on advantages with the changes, the production leaders noticed an
improved understanding of co-workers” working conditions in all departments. They
emphasized that work was more sustainable after the changes as the physical demands and the
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total load on the meat cutters had decreased. The production leaders believed it likely that the
WRMSD and sick-leave would decrease due to the changes.

Table 2. The meat cutters views on changes in work organization characteristics. Mean

values and standard deviation.
Scale from 1 to 5, 1= much worse, 3=being unchanged, 5=much better

Pork Pork cutter Beef Skinner
cutter night shift cutter n=12
day shift n=8 n=28
n=22
m R m R m R m R
Me and my work mates cooperate more 3,62 (09| 338 |05]|241|0,89| 3,55 | 0,69
I get more support and help from my 333|0,7|313 |06 |281|0,68| 3,18 | 0,40
work mates
| have got better contact with other 3,43 1101 2,75 |1,0|281|0,88| 3,27 | 0,47
people

I get more support from my production 340(08 3,13 | 0,6 [ 2,96 |0,52| 291 | 0,30
leader

I get more responsibility today 3,38 (0,7 3,25 | 0,7 | 3,04 | 0,65 | 3,45 | 0,69
My work is more varied 3,24 | 1,2 250 |13 |267| 1,3 |3,55] 1,13
My work is less tied and more free 2,20 | 1,0 | 2,25 | 1,6 | 2,52 | 1,01 | 3,09 | 0,94
| have more use of my professional skills | 2,71 | 1,0 | 2,25 | 0,9 | 2,26 | 0,9 | 3,27 | 0,65
My work is more meaningful today 3,45(0,7|2,75 | 1,3 |2,41|093| 3,18 | 1,18

4. Discussion

It is vital for an industry with such high incidence of WRMSD to make the correct decisions in
prevention. It is also vital to assess taken measures and evaluate them in order to see whether
they were correct and cost efficient.

Fatigue precedes pain and discomfort and should be heeded as a warning being a short-
term indicator on musculoskeletal disorder as is described by several authors (Hagg 1991,
Hagberg et al. 1997). The meat cutters of this company experienced a reduced fatigue,
especially physical but also mental. This can be interpreted as an early sign of decreased risk of
WRMSD. An assessment of the medical surveillance may answer that question.

The experiences of unchanged conditions can be interpreted as a result of that the content
and context of the task remained unchanged to a large extent and that this is of high importance
(Hackman and Oldham 2008). The rotation meant that the cooperation concerning planning and
keeping workplaces tidy was necessary and that the holistic understanding of the work flow
might have increased which can explain the increase in cooperation and responsibility. The very
idea of rotation is also variation which can explain this experience.

Since the rotation included working with tasks of less status this might have reduced the
feeling of using skills and meaningfulness. The feeling of being tied up relates to the rotation
schedule; you should move regardless of your personal choice and a new restriction was added.

Concerning the more negative attitude among beef cutters, this can be explained by the
history of recently introducing the flow line which was considered having reduced their decision
latitude and increased the external control of their work (Karasek and Theorell 1990).The
assumption concerning the more negative attitude is thus that the beef cutters rather answered
the questionnaire according to their opinion of both changes, not only the introduction of
rotation and knife free hours (Dempsey and Mathiassen 2006).
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The company can view the changes as a shift in paradigm, by acknowledging the meat
cutters reactions when facing a new working order. It also can support them in understanding,
appreciating and comprising the changes, thus changing the negative opinions to positive ones
(Caple 1991, Hartmann and Ryom 2006, Moore and Garg 1998, Wikberg et al., 2009).

5. Conclusion

It can be concluded that there is a possibility to reach a reduction in physical and mental fatigue
through participatory planned and implemented rotation schemes for meat cutters where knife
free positions are included, indicating that WRMSDs will possibly decrease without losing
organizational performance.

Furthermore, the new working order will change the demands on meat cutters concerning
cooperation, responsibilities, skills, working schedules and similar work organizational
characteristics. These could be planned for and taken into consideration during the
implementation process in order to achieve a positive outcome.

Thirdly, the previous local history of the workplace will strongly affect the experience of
the employees. Bad experiences from previous changes that not have been taken care of will
thus likely diminish the possibilities for positive attitudes and experiences of new changes.
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Industrial deboners’ work involve high risks of accidents and work-related musculoskeletal
disorders (WRMSDs). The objective with this paper is to compare the different main types of
existing production systems in Swedish meat processing plants regarding ergonomics and the
organizing of production. Data from twenty-seven interviews and visits to seven production sites
was interactively analyzed by the author and five practitioners. The results show that all systems
necessitated trade-offs between physical work load and factors like job content, skill
requirements and individual control. It is concluded that significant improvements concerning
ergonomics can be reached by carefully matching technology and organization.

1 Introduction

Industrial meat processing and deboners’ work have since long been known for high risks of
accidents and musculoskeletal disorders (MSDs) in Sweden (Magnusson & Ortengren, 1987;
Magnusson et al., 1981; Magnusson et al., 1987; Ortengren et al., 1985).

High levels of work related cutting accidents in meat processing are also reported from New
Zeeland, Australia as well as from the USA (Burridge et al., 1997; Cai et al., 2005; Genaidy et al.,
1995; Tappin et al., 2008; VISS, 1993).

In spite of these studies, the conditions have not improved enough which can be seen in the
statistics for work related accidents and sick leave in which Swedish deboners’ work show very
high figures (Arbetsmiljoverket, 2005; H&gg et al., 2007). The high percentages of reported
MSDs and accidents made the Swedish Work Environment Authority to order the largest
companies in the industry to improve the working conditions of boners and butchers under
penalty of a fine during 2007.

To find ways of improving the situation without losing competitiveness for the Swedish
meat industry, cooperation between industry and researchers in ergonomics was launched. As an
initial screening of the current situation and what could be done a diagnosis was made.

2 Objective

The objective with this paper is to report findings from a part of this work where the different
main types of existing production systems were analyzed and compared concerning their
characteristics regarding ergonomics and the organizing of production.

3 Method

The data used were based on interviews with in total 27 people being production managers,
personnel managers or union and safety representatives from seven studied production sites.
Furthermore, visits were made to these production sites and a lot of photographs were taken along
the production flow. The data was analyzed in an interactive research process by a group
consisting of the author as researcher and five practitioners including two personnel managers, a
production development expert, a safety representative from the union and a physiotherapist
working as a long term consultant concerning Occupational Health and Safety (OHS) for one of
the companies. These analyses were combined with additional data collection through the work of
the participating practitioners during a series of five meetings. These analyses were used as a
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basic input for this paper in which they are further compared with theoretical findings and
reasoning by the author.

4 Theoretical background

Production systems are strongly contextually dependent. Tappin et al. (2008) argued that a range
of contextual factors contributing to problems with MSD in meat processing can be identified.
They described nine different groups of factors lying beyond the design of the single work station
that affects the risk for MSDs. These factors are of both internal and external origin. Some of this
contextual dependence is also related to the way production is strategically designed or in other
words the chosen production philosophy. The applied philosophy will provide the general
possibilities for designing work settings for deboners and meat processing that is productive and
at the same time satisfies basic demands concerning sustainable conditions regarding health and
safety for the workforce. Eklund and Berggren (2006) described how well known different
production philosophies affect the possibilities of creating such work settings mainly based on the
findings from socio-technical developments, ergonomics and motivational theories. Eklund and
Berggren (2006) used 14 different criteria for characterizing different production philosophies’
impact on production work.

A number of work organization factors concerning quality of work were also identified and
formulated by Valeyre et al. (2009). They made a literature review with the aim of measuring
work organization characteristics within the European Union using employee-level data. Valeyre
et al. (2009) divided the literature on work organization into three different theoretical strands.
These were literature describing high performance work systems and lean production, the second
strand describing new forms of work organization and the third strand describing the relation
between organizational design and innovation. From this literature they divided existing work
organizations in four classes; discretionary learning, lean production, taylorist and traditional or
simple. Furthermore, they divided work organizational aspects into 9 main areas being autonomy
in work, cognitive dimensions in work, quality, task rotation, teamwork, monotony of tasks,
repetitiveness of tasks, work pace constraints and assistance.

5 Results

The results show that there were basically four different production system solutions existing in
the Swedish slaughterhouses for deboning and meat processing. These were individual deboning
of pork and beef respectively, pace line deboning of pork and flow line deboning of beef. The
procedures of these are shortly described below.

5.1 Deboning systems
Individual deboning of pig carcasses was performed by one deboner cutting down and deboning
an entire (half) carcass. The deboners worked at their own tables, either in groups or along a line
depending on the inflow and outflow of material. The inflow of carcasses was arranged in such a
way that the halves were hanging down from a roof conveyor. The halves were pushed forward
either automatically or manually. The deboner placed the carcass on the table by lifting it up or
pushing it down, thereby assisted by a sloping carrying pipe which reduced the force needed. The
carcass was cut according to the appropriate specification and to the outflow system; some parts
were sometimes only precut in order to be finalized somewhere else. The workplaces were
usually arranged to fit the individual deboner concerning working heights and simple aids and
tools. A normal time for deboning one half of a carcass was typically 5-8 minutes, however the
time differed significantly between different sites, both due to chosen speed of working and to
different division of labor. Deboning of pigs was considered to be more skill demanding work
than deboning of cattle due to the many different specifications and cutting patterns used.
Deboning of cattle carcasses was performed similarly; however due to the size of the beef
carcasses, they were divided into four main parts before transported to the deboning workplace.
The quarter carcasses were cut down hanging in their hooks on an in height adjustable part of the
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carrying pipe (by pneumatic cylinder). After dividing the carcass into large parts these were put
on the table to be deboned and cut into parts for packaging. At each station one or two deboners
worked together, in the latter case one was working at the hanging part and one was working at
the table. The finished parts were either sorted in bins or put on transportation belts to be fed to

the packing area. Deboning carcasses of cattle was considered as a more physically demanding

work than deboning pigs, both due to the cutting forces needed and to the size and weight of the
carcass.

The pace lines for pigs required that these could be bred and slaughtered to meet a
standardized size. Before the pace lines, the carcass halves were divided into three parts, being
the fore leg, the middle part and the rump. These parts were then loaded on “christmas trees”
which were hanging transport devices with 20 hooks on each for storage and transportation to the
pace line. This was designed with a driven belt as the core principle and deboners stood in a line
along the belt and each worker made some cuts to the parts passing in order to finalize the
deboning. Typically 8-12 workers were working at each line. The input at the first station was
where the “christmas trees” were unloaded and the outputs of the line were the different cuts
produced at each work place. Some of the stations were equipped with additional machinery and
powered devices for performing tasks that were perceived as heavy, difficult or where the
machine produced a superior result. Such examples were defatter, skinner, shoulder-bone
extractor and wizard (circular, rotating) knives.

The flow line was designed as a deboning system in two stages. In this line the (cattle)
carcasses were divided into four parts before the deboning and automatically transported to the
primary cutting station where the parts were divided by a deboner into three or four cuts
depending on if it was a fore or a back part. These primary stations were arranged in parallel with
a short queue before each station and they were also heightened over the output conveyor. The
primary deboner made his cuts on the hanging part and they fell down on the conveyor belt which
transported them to the secondary cutting stations. At these stations, which also were arranged in
parallel along the conveyor, each station received their primary cuts from the conveyor
automatically. The infeed was also designed with a short queue and from above so there were no
lifting required. The secondary deboner finalized the parts according to specifications given to
him through an information terminal at each station. The cuts were then pushed out on another
conveyor belt and transported to quality inspection, sorting, additional processing and packing
area. No lifting was required and since all work was made in parallel the deboners themselves
decided their own working pace.

5.2 System characteristics

The group of practitioners was asked to list advantages and disadvantages of the different
production systems and table 1 shows the result of this listing. The different aspects are not
independent but sometimes form the conditions for other variables.

6 Analysis and discussion
As can be understood from the results there are a lot of trade-offs concerning how to reduce the
health and safety problems and particularly the MSDs. If gains in reduced physical workload are
wanted, it is likely that the investments and technical solutions available will require a reduction
in for example job content, decentralized control, skill requirements and task identity.
Furthermore, the production volumes were not considered in the above comparison and these are
of course decisive concerning the possibilities for the design of production systems. Small
volumes can simply not bear the investments of a more mechanized system and to reduce the
MSDs it might be necessary to develop other solutions than these typical cases described here.
The choice of characteristics in table 1 reflects the existing mindset of the people working in
the industry. Most of the characteristics described by Eklund and Berggren (2006) were included
but participative problem solving, group work and labor relations were not mentioned. Of these,
group work was generally considered to be difficult to establish among deboners who had a
reputation of fostering a highly individual culture.
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Production aspects Individual deboning Pace line Flow line
Investment costs limited high very high

Manning flexible sensitive financially sensitive
Additional technical aids difficult, costly easy difficult

Yield individual controlled, good controlled, good
Administrative support limited high very high
Traceability limited no full

Production forecast uncertain certain certain
Z\Slgg;:rgamzatlon Individual deboning Pace line Flow line

Control decentralized centralized centralized flexible
Job content holistic low medium

Cycle time individual, long short individual, medium
Task rotation not possible possible possible

Work compression individual centralized individual

Task identity high low/high* medium to high
Skill demand high low/high* medium

Pace individual fixed individual
Individual aspects

Training requirements long short to long medium to long
Personal feedback difficult easy rel. easy

Pay
Muscle load aspects

individual, per piece

collective, fixed

individual, per piece

Movement speed high low n.a

Lifting medium or heavy heavy or none none
Tension in forearm high lower n.a

Bended neck frequent less frequent less frequent
Trapezius muscle tension high high high

Table 1. The judgments of the practitioners group concerning aspects of the different production
systems, *with rotation within the line

Comparing with the context related factors defined by Tappin et al. (2008) a number of factors
are missing in this study. However, the scope of this paper is different but the results support the
findings of Tappin et al. in the factors that are similar.

Comparing the analyzed systems with the different philosophies or classes of work
organizations the different solutions will fit in different classes. The individual deboning shows
high similarities with craft production or simple, traditional organizations, however strongly
influenced by tayloristic thinking. The pace line is pure tayloristic in its details, dominated by a
Fordism philosophy with a machine paced and entirely managerially controlled system. The flow
line shows more influence by socio-technical ideas with its parallel flow and individual
possibilities of control. Interestingly, the opinion on which of these systems that provides the best
efficiency and quality is differing even among production managers at all levels. Moreover, none
of the solutions was developed towards lean production philosophies including continuous
improvements, team work, visibility and waste elimination.
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7 Conclusions

It can be concluded that significant improvements concerning ergonomics in deboning work can
be reached by carefully designing, planning and adjusting the production system and its
technology to the produced volume.

Individual or whole carcass deboning offers a job with high content with regard to the
limitations given by the task in itself. Moreover, the control of the work concerning pace, work
compression, income and task identity remains highly with the deboner. However, it is also
considered a physically demanding job with heavy lifting, force demanding activities and intense
use of the muscle groups controlling the knife.

Pace line deboning does not have all these shortcomings but offer a mechanically controlled
work with less work content.

Finally, flow line combines the advantages with pace line work with a decoupled control of
the pace, slightly better work content and possibilities for working in parallel at individual pace.
However, the investments and the need for high volumes and less season variations increase
quickly when introducing such technically advanced solutions. Furthermore, they require a leap
in technical know-how which is difficult for the companies to handle.
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Optics with prisms - results and experiences from four years of
exploring

Petterson, Per Johan
MOOS (Merident Optergo Optical Solutions)
e-mail: perjohan@optergo.com

The Optergo project has been going on for 4 years and a lot of interesting
results and experience has been gathered.

The session will involve a short presentation of 3 different research projects.

e For your eyes only — pilot study , Netherlands 2006. Joseph Wouters

e Student Study Gothenburg, Sweden, Ongoing, Dental students
“Will the Optergo concepts of optics and ergonomics, reduce dental students
experience of pain from the back, shoulders and neck”?
An ongoing study at the University of Gothenburg.

e A RTC study within Vastra Gétaland Sweden 2010 , Agneta Lindegard mm

“Effects of an intervention with visual correction including prismatic lenses on
postures, perceived exertion and comfort among dental workers - A randomised
controlled trial. *

Observations regarding vision from research/investigations and meetings with the
Dentistry market.

Do dentists develop a more effective detail view because of daily training?
Results from an investigation of all Optergo users in the Netherlands

How to handle the need for magnification with an ergonomic posture for students?
An educational dilemma

How important is a correct refraction with addition and ergonomic instructions in
combination ?

Thoughts and discoveries from a RTC study in Sweden.

Short presentation on other areas where development is going on.
Crane drivers

Gold smith

Sport

Wiplash

The intention with the session is to inform about the latest achievements regarding
optics with prism and related topics that are coming up inside the project.
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Identifying the affecting factors on physical comfort experience: A
case study on a stick mixer

Ahmadpour, Naseem
naseem@student.chalmers.se
Babapour, Maral
maral@student.chalmers.se

Division Design, Department of Product and Production development,
Chalmers University of Technology, Gothenburg, Sweden

This study evaluates a hand held kitchen appliance, a stick mixer, and derives the factors that
affect the physical comfort experience of the user. It is based on existing research in the area
of hand tool design and its relationship to user comfort. The employed methods had a focus
on the physical comfort and discomfort of the hands and wrists. This evaluation was part of
a larger project with the aim to develop a new design concept of hand tools.

1. Introduction

Kadefors, et al. (1993) mentions the importance of improving the ergonomic properties of hand
tools in order to improve the health of professional users of industrial and occupational hand tools
and achieve optimal hand tool designs. Yet research, such as Kadefors et al.(1993), Kuijt-Evers, et
al., (2004, 2007), Lewis and Narayan (1993), has not focused as much on evaluation and
development of hand tools which deal with everyday life and cover a wide range of users. Home
appliances including hand held kitchen appliances are one such example.

This paper presents a part of a study performed to develop the stick mixer ESTM 1150 (as
shown in Figurel) from Electrolux. According to Wickens et al. (2003) hand tools extend the
capabilities of the hands to accomplish tasks which are otherwise impossible or dangerous. The
handle is to facilitate the transmitting of force from the user to the tool or object being used in the
performance of a task or for a specific purpose (Wickens, et al., 2003). From this description, the
stick mixer fits into the hand tools category.

The purpose of this paper is to discuss the descriptors that affect the physical comfort experience
in the users’ hands, when they are engaged with the stick mixer, following a usability and
ergonomics approach.

2. Methods

Only a brief review of some of the applied evaluation methods is presented, and they are not a
representative of all available methods in the field. Furthermore, the applied methods do not cover
all aspects related to the ergonomics evaluation of this hand tool.

The employed methods in the project have been chosen to cover three areas: 1) investigating the
characteristics of the tools, 2) observing users and their attitudes toward the product, 3) ergonomic
evaluation and identifying the factors affecting the experience of physical comfort.

To achieve the goals mentioned above, usability tests were conducted in forms of structured focus
groups and in-depth interviews. Different methods for data gathering in the form of questionnaires,
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interviews and observations were used during the usability tests. The tests were performed in a
kitchen context.

2.1. The task

First the subjects filled in a general questionnaire regarding their personal information followed by
rating the expected comfort at first sight for the mixer, based on the first impressions the product
made in their hands. Then they were asked to make a shake using fruits and milk, chop tomatoes or
prepare potato purée using the stick mixer. While performing the task, photographs were taken to
record the users’ postures and arms/wrists/fingers. After completion of the task, the subjects filled in
the subjective comfort assessment questionnaire.

2.2. Choice of Test Groups

Five female subjects volunteered for the in-depth interviews. Their age ranged from 34 to 55 years
with the average of 42 years. This group was considered to have much experience with similar
kitchen appliances. During the two focus groups sessions, 18 subjects, half of them males,
participated with the age range of 23 to 30 years and an average age of 26. This group had relatively
low experience of kitchen appliances. In total, 23 users were observed, questioned and
photographed during the usability tests.

2.3. Questionnaire

A general questionnaire was handed out to the subjects in order to collect their habitual information
regarding their own products at home, if they had any. Further, participants included their
suggestions for improvement of the product.

2.4. Comfort assessment
To identify the comfort descriptors of the stick mixer, a subjective comfort assessment was
conducted during the usability tests. The apparatus used for the assessment had three sections:

1. CQH (Comfort Questionnaire for Hand tools) suggested by Kuijt-Evers et al. (2004) in which
27 descriptors were selected for the subjects to rate the comfort on a 7- point scale (1= totally
disagree, 7= totally agree). The descriptors are categorized into 5 groups which are functionality
and physical performance, adverse body effects, quality, colour and aesthetics. This information is
used to predict factors leading to comfort or discomfort in a hand tool.

2. Additionally, a question about expected comfort at first sight and a question about overall
comfort after short time use were considered. Answers to these questions were also given on a 7-
point scale (1=very uncomfortable, 7=very comfortable).

3. LPD (Local Perceived Discomfort) of hand which uses a detailed hand map to highlight the
location of experienced discomfort. A colour scale was used to highlight experienced discomfort on
each region of the hand ranging from high to none (Red= high, Yellow= medium, Green= low,
White=none). The participants shaded experienced discomfort based on the provided color scale.
The gathered information is used to identify the parts of the product which cause discomfort.

2.5. RULA (Rapid upper-limb assessment)
After careful observations on the users’ adopted postures during the working cycle, two critical
hand postures were identified to be analyzed according to RULA employee assessment work sheet
(Cornell University Ergonomics Web).

This method provides a final score of the task risk using the required posture, the force and
movement associated with the task. The risk will be calculated into a score in range of 1 (the
lowest) and 7 (the highest) and then these scores are grouped into four levels of actions. Each score
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indicates the reasonable time framework to take action in order to control the initiated risk. (Stanton
et al. 2005)

3. Results

3.1. Investigation of the product’s characteristics

A stick mixer is a kitchen appliance used for mixing and blending small
portions of ingredients for food preparation. Figure 1 shows the 400W
power engine stick mixer ESTM 1150 which is consisted of two detachable
parts. The two parts attach/detach by twisting in the opposite directions
around one another. The height of the product is 365 mm and the weight is
764gr. The minimum diameter of the rod is 40mm and the maximum
diameter is 60mm. The two-speed operational button is located on the rod
which activates the blades located on the shaft. The cord is connected to the
top of the rod, in the opposite side of the button. The material for the rod is
hard plastic and the shaft is made out of stainless steel. The button is
designed with a soft plastic material to be pressed.

The duration of the mixing task varied between 29.6 and 180 seconds
with the average of 69 seconds. This is the amount of time each user kept
his/her finger on the button for running the product until achieving the
desired result.

Figure 1. Stick mixer
ESTM 1150

3.2. Observation of users and their attitudes towards the product

Observing participants while performing the task resulted in identification of some issues that
would not have normally been mentioned by them. The sequence of actions were studied as well as
the user interaction with the product

Gripping postures

Two dominant gripping postures were identified as
shown in figure 2: 61% of users used their thumb to
press the button, and 39% of users used their index
finger (except for those who experienced awkward
postures). Since the product does not communicate a
specific gripping posture, the users employed the
posture which they felt most comfortable with
considering their hand sizes. Further, RULA analysis
showed that the using thumb to press the button
demands twist of wrist at its end of twisting range
and scored 5 which is translated to ‘investigate
further and change soon’. Using index finger scored  “Fi5 e 272) gripping posture using the index finger.
4 which translate to “further |nvest|gat|0n is needed b) gripping posture using the thumb.

and changes may be required’.

Difficulties

The difficulties experienced by users during the task were as follows: a) awkward postures and
confusion about gripping posture, b) cord interference with the users’ hands, c) difficulties for
reaching the button (button placement).

3.3. Investigation of the affecting factors on users’ perceived comfort of the product
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Based on the results of the usability tests and subjective comfort assessments, some characteristics
that are affecting the perceived comfort were identified as follows:

Physical interaction

The weight and its distribution throughout the product was the main concern of users while
handling the mixer. Although the mixer was not considered to be light, to some users the weight of
the product was assisting the task.

‘Low force supply for gripping’, ‘relaxed working posture’ and “fitting the hand’ strongly
affected the perceived physical comfort. Due to lack of strong communication of the gripping
posture, which was an influential descriptor, some users felt adverse effects.

The wrist was more likely to be considered as “deviated or bent’, with an obvious wrist
angle.The pressure factor was highly rated as well as the numbness of the fingers. Based on the
result of LPD, those who had musculoskeletal problems such as users with a higher age range were
affected more severely by the mixer through experiencing cramped muscles.

Handle characteristics
Factors such as surface roughness, friction, being clammy (both for the surface and the buttons),
and having a nice feeling handle were the main concerns regarding the handle characteristics.

The shape, the low button positioning and the weight distribution of the product affected the
users’ experience of discomfort and caused pressure on the thumb finger, tips of the index, the
middle and the ring finger. Also a pressure on ulnar side of the palm, where the users apply pressure
to hold the product, was experienced. The upper part of the palm is also rated uncomfortable which
can be due to being squeezed while handling the product.

4. Discussion

4.1. Methods

To decide on which evaluation methodology would capture the affecting factors was a serious
challenge. From the set of methods used during the usability test, the following were considered
influential in the ergonomic evaluation process: interviewing subjects with respect to their
general feelings and comments about the stick mixer, monitoring the employed grips, assessing
discomfort using hand maps (LPD), and finding critical descriptors based on CQH. In an overall
view, the results of each method were confirmed by another method.

Usability tests

The constraints of limited time and resources are among the critical issues when conducting
usability tests. Further, a serious challenge was to figure out how to analyze, interpret and
communicate the data which was mostly based on observations.

Subjective comfort assessment

The questionnaire was easy to understand and was not time demanding. A problem with this kind of
assessment is that people might not take it seriously and skip some comments or thoughts that could
actually be of importance. Additionally, the overall time of the task completion using the stick
mixer was insufficient to provide a deep understanding for the participants to complete the
questionnaire. This might undermine the credibility of the results in some cases. Some of the CQH
descriptors did not apply to the stick mixer, since it was initially designed and used for occupational
hand tools.

RULA
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Documenting photographs of the employed grips while working with the product played a
significant role in the RULA analysis. Filling out the RULA worksheet, some of the aspects
regarding the postures cannot be precisely identified. Therefore in some cases the results are
undermined.

4.2. Results

The results of comfort assessment (CQH and LPD), posture assessment (RULA) and the
observation from usability tests lead toward the important factors that affect the physical comfort
experience of users as follows, which are also mentioned by Kadefors et al. (1993) for hand tools.
The positioning of the operating button on the product.

The form of the product and the curves through which the gripping is communicated.

The size of the product and relations between the sizes of different parts.

The working posture of the hand and the gripping when the user is performing the task.
The distribution of weight throughout the product and positioning of the centre of gravity.
. The surface characteristics.

Some descriptors affected discomfort. As a highlight it could be said that the experience makes it
easier for users to interact with such a product that does not intuitively communicates the ultimate
gripping posture. Thus unintended postures which might be hazardous or uncomfortable combined
with improper weight, size and form would lead to experience of discomfort among most users. The
weakness of the descriptors would empower the effect of unintended postures in experiencing
discomfort.

Furthermore, according to Kujit-Evers et al. (2004) comfort and discomfort experience is also
influenced by other factors such as the task intensity (movement frequency and force exertion).
Having high task intensity causes pressure on the hand. Kujit-Evers et al. (2004) also include
aesthetics among influencing factors on comfort and discomfort of hand tools namely functionality,
posture, and handles characteristic. However, since this paper focuses on the physical comfort
experience, the descriptor of aesthetics was not discussed.

ok wdE

5. Conclusion

Evaluation of a hand tools do not only include functional properties, but also the “user's subjective
expectations’. Comfort is a ‘subjective phenomenon experienced by end-users’. Based on the results
from CQH, the experience of physical discomfort is associated with adverse body effects. On the
other hand, physical comfort is associated with various factors such as functionality and physical
interaction, lack of adverse body effects, handle characteristics and aesthetics.

The following guidelines have been proposed for hand tool design; shape and size considerations
to avoid wrist deviation, the shape of the handle is to assist the grip, and provide adequate grip span
to provide adequate grip strength. These guidelines were mostly in line with the identified comfort
factors in this study; button positioning on the product, the form of the product and the curves
through which the gripping is communicated, the size of the product, the gripping posture, the
weight and positioning of the centre of gravity, and the surface characteristics. However, due to the
difference of nature between occupational hand tools and the stick mixer, not all the factors
identified in this study are covered by occupational hand tool design guidelines.

The influencing factors on the experience of physical comfort were later in the project employed
to improve the design of the stick mixer through eliciting requirements and guidelines. Further, the
design prototype was evaluated in comparison with the original based on the elicited requirements.
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PERINEAL PRESSURE WHEN SITTING ON DIFFERENT CHAIRS
Berget Anders Aasen, SAMKO Corporate Health Service, anders.berget@samko.no

1. Introduction

Saddle chairs have gained increasing popularity in Norway, with claims of strengthening back muscles and preventing
pelvis and back pain. However, several male office workers have approached me about feeling uncomfortable in the
perineal area and their reproductive ability after sitting in these chairs.

2. Objectives
Investigate the potential difference in perineal pressure when sitting on a regular office chair versus a saddle chair. If
there is a difference, assess whether this may have a harmful effect on tissue and/or reproductive ability.

3. Methods

Literature search and research experiment. The research experiment was set up with three chairs (regular office chair,
Hag Capisco and BackApp saddlechair) and a FSA electronic pressure sensing mat. Volunteers sat on chairs with the
pressure sensing mat and results were recorded and the data analysed.

4. Results

Extended sitting on bike seats is shown to exert a large enough pressure to damage structures within the perineal area.
Less than 40% of full bikeseat-pressure causes significant compression on the underlying structures within the
perineum. The only existing study on saddleback riding and impact on sexual dysfunction shows no negative impact
from saddleback pressure on the perineal area.

In the sitting position, the body weight should rest on the sitting bones (ischial tuberosity) and evenly on the thighs,
tapering off towards the knees.

The “regular” office chair (square foam seat) shows a pattern like the recommended pattern described above. The Hag
Capisco has a harder foam and cross-shaped seat, but shows a similar pattern to the recommended pattern. Saddlechair
BackApp shows an uneven pressure distribution with a higher average pressure on the perineum and less on the sitting
bones.

5. Conclusions

There is no existing literature on this specific topic. The literature that may be comparable suggests that a large seating
pressure is needed to cause harmful compression to the perineum and structures within. The studies done on bicycle
riding may suppose a shorter duration of sitting as compared to the amount of time sitting on a saddle chair at work.

Based on the results from my experiment it seems the BackApp saddle chair will cause higher perineal pressure
compared to a regular chair. The regular office chair and hybrid saddlechair Hag Capisco do not show this pattern.
The results say nothing as to whether this pressure is harmful. Further studies are needed to establish if, when and at
what weight a saddle chair may be exhibiting harmful pressure to the perineum. To measure harmful pressure one
would need to use MR imaging, ultrasound of affected blood vessels or possibly p02-measurements of blood supply to
the penis.

It would be of further interest to see a study on the possible long-term effects of sitting on chairs that cause higher
perineal pressure.

Disclosure: Anders Aasen Berget has a patent (N:325146) for an office chair.
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TRYKK PA PERINEUM (MELLOMKJ@TTET) VED SITTING PA FORSKJELLIGE
STOLER

Berget, Anders Aasen, SAMKO Bedriftshelsetjeneste, anders.berget@samko.no

Abstract

The purpose of this study is to investigate perineal pressure while seated on different chairs.
A literature search and subsequent experiment are set up to investigate whether there is
increased pressure when sitting on a saddle chair compared to regular and hybrid chairs. No
existing literature is found on this topic. Experimental results indicate there is a higher
perineal pressure when sitting on a saddle chair compared to a regular or hybrid chair. The
study does not answer if this pressure may be harmful. Further studies are needed using
more discriminating measurement equipment.

1. Introduksjon
Bekkenplager? Behov for a trene opp ryggen? Salstoler er populert, og anbefales av bedriftshelsetjenesten som
alternative stoler og som forebygging mot eller behandling av muskel-skjelettplager.

En salstol kjennetegnes ved at den har et sete som buer oppover, med hgyeste punkt midt pa setet. Ofte har den ikke
Jeg har fatt henvendelser fra flere mannlige kontoransatte som har brukt salstol. De har fortalt om ubehag ved sitting
pa ulike salstoler, og er bekymret over om dette kan ha konsekvenser for sin reproduktive helse.

Er det relevant & sammenligne salstoler med sykkelseter? Spol tilbake fem-seks ar, og internasjonale aviser siterer en
review-studie som fant sterk evidens for at sitting pa harde sykkelseter gir et ugunstig hgyt trykk pa perineum (Huang
et al, 2005). Langvarig hgyt trykk pa perineum kan forarsake redusert blodgjennomstrgmning til penis og og erektil
dysfunksjon. Mindre enn 40 prosent av fullt sykkelsetetrykk gir stor kompresjon pa strukturer innenfor

perineum (Bressel & Parker, 2008). Med variasjon i stilling eller et annet sykkelsete, reduseres heldigvis sjansen for
skade betraktelig (Breda 2005).

Selv 40 prosent av sykkelsetetrykk kan kanskije gi skader pa strukturer innenfor perineum. Jeg gjer et litteratursgk pa
Pubmed, men det gir ingen relevante treff pa ulike kombinasjoner av [perineum seating pressure chair]. Det finnes én
studie pa sammenhengen mellom riding og perineumtrykk, denne viste ingen negative effekter av langvarig salriding
(Alanee 2009).

2. Malsetning

P& grunn av den manglende forskningen pa omradet, gnsker jeg a se naermere pa de mest populaere salstolene pa det
norske markedet i dag: "Backapp" og ”Hag Capisco”, sammenlignet med en typisk kontorstol. Rabami Campani 5050
- En stol med firkantet pute og fem cm skumtykkelse ble brukt som typisk kontorstol.

3. Metode

Det finnes flere salstolprodusenter pa markedet. En av dem har laget egne stoler for menn med splitt i midten av setet
for & eliminere problemet med trykk pa perineum. Den samme produsenten har advarsel om at sine salstoler uten splitt
kun er beregnet for kvinner (Webside: Salli International).

I Norge finnes det i dag to spesielt populere salstoler: Hag Capisco og BackApp. Ingen av stolene er delt pa midten
for & redusere eventuelt trykk pa perineum, og begge stoler anbefales for begge kjenn. Ved hjelp av
en trykkmalingsmatte kan man se trykkforskjellene ved sitting pa salstol kontra en "vanlig" kontorstol.

Jeg ber testpersonen om & ta av seg sko og fjerne gjenstander i lommer som kan pavirke malingen. Personen blir bedt
om 4 sitte ned pa stol nummer en. Stolens hgyde innstilles slik at knevinkelen er 90 grader, med underbenet vertikalt
fra underlaget. Ryggstetten er fjernet fra stolene for & Nar mélebildet er stabilisert (etter ca. 10 sekund) gjares
malingen. Jeg gjentar malingen for stol nummer to og tre.
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Jeg foretar trykkmaling ved hjelp av FSA elektronisk trykkmalingsmatte. Matten er kalibrert etter produsentens krav.
Matten er ngyaktig inntil +/-20 mmHg, eller 10 prosent av malingsrekkevidde (200 mmHg). Matten er koblet til en PC
hvor software viser kvantitativ og visuell representasjon av trykkfordeling. Trykkmalingene er foretatt, s langt det lar
seg gjare, i henhold til kliniske retningslinjer fra FSA (planlagt 1ISO-godkjent) (Webside: Pressure Mapping Wiki).

4. Resultater

Se egen side.
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Rabami ”normal kontorstol” Hag Capisco (bilde: hag.com) BackApp (bilde: backapp.eu)
(bilde: rabami.dk)
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Tre forskjellige menn har sittet pa de tre stolene som er testet. Hvert bilde viser et avtrykk av et sete, sett ovenifra.

Fargene representerer trykkverdier. Hvitt betyr null trykk, blatt er lavt trykk (10-50mmHg), grent er medium hgyt
trykk (50-120 mmHg), og gult til rgdt er hgyt trykk (120-200 mmHg).

Ventre sgyle viser trykkfordelingen nar tre forskjellige menn sitter pa en vanlig kontorstol. Midtre sgyle viser
trykkfordelingen nar de samme mennene sitter pa en Hag Capisco. Hayre sgyle viser de samme mennene sittende pa
BackApp.

Trykkforskjeller er farst og fremst et resultat av stolens utforming. Mennenes vekt, starrelse, bekkenutforming og -
stilling vil ogsa gjare at bildene ser forskijellige ut.

I sittende stilling bar kroppsvekten hvile pa sitteknutene og jevnt pa larene(Engstrom, 2002). Pa en vanlig kontorstol
ser man et jevnt trykk pa larene med noe hgyere trykk under sitteknutene. Hag Capisco har mindre sitteflate og et
fastere, tynnere skum. Det viser igjen pa hgyere trykk pa sitteknutene. Malinger av sitteflaten ved sitting pd BackApp
viser hgyere trykk midt pa setet, tilsvarende forhgyningen midt pa stolen, og mindre trykk pa sitteknutene.

5. Diskusjon

Pa bakgrunn av resultatene ser det ut som sitting pa salstolen BackApp vil medfare hayere trykk pa perineum kontra
en vanlig stol. Det sier ingenting om trykket er skadelig, men det er forstaelig at det kan oppleves ubehagelig slik
enkelte menn har rapportert.

Det er flere feilkilder i dette forsgket. Testdeltakerne brukte sine egne klaer, og knapper/lommer kan skape ujevnheter i
trykket. Vinkelmal er vist & vere feil med 5-10 graders margin (Gajdosik & Bohannon, 1987).

For & svare pa det egentlige spgrsmalet; om det er helseskadelig & sitte pa salstol, vil det métte gjares en starre studie.
Gullstandard for malingene i en slik studie kan vere ultralyd av blodarer, MR-bilder eller pO2-maling av blodtilfarsel
til penis for & vurdere redusert perfusjon ved sitting.
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Seating Pressure Distribution for Different Chair Types
Koskelo, Reijo
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Normal seating positions result in the large-scale pressure levels over the thighs, buttocks
and genitals. The study investigates the different pressure levels caused by eight different
chairs. Nine volunteers participated in the study. The experiment was carried out as a
blindfold test. Of the eight chairs that were included in the research, the split-seat and
height-declination adjustable Salli Twin places seating pressure over the smallest area of
the body. With Salli Twin the pressure is not aimed over the pectineal line or the genitals,
so that blood circulation in tissues and the metabolism in the relevant areas remain active.

Picture 1 Picture 2
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1. Introduction

Complaints related to supportive and locomotive areas of the body are one of the main
reasons for sickness from work. Neck and back pains especially have increased to a
remarkable level to prevent sufferers from being able to work. In the future more attention
should be paid to the impact of ergonomic seating (Picture 2) in regard to the overall health
levels of individuals. Normal seating positions (Picture 1) result in the delivery of large-
scale pressure levels over the thighs, buttocks and genitals that weaken the circulation in
soft tissues and the legs. There are no reference figures available to illustrate the harmful
pressure levels that may occur due to being seated, so a subjective evaluation of seating
comfort has to act as a measurement of its own in determining the levels of harm which
may be caused together with the pain levels in supportive and locomotive areas of the body.
The target of the study was to investigate the different pressure levels caused by eight
different chairs, and the distribution of this pressure between the thighs, buttocks and
genitals.

2. Methods

Nine volunteers participated in the study
(five women and four men). The average
age of the subjects was 32 years and the age
range remained between 21-55 years. Before
any pressure measurements took place, the
knee and hip angle for each test subject was
fixed in such a manner (Picture 1) so that it
remained at an angle of 135 degrees for each
of the different saddle chair. Studies have
shown that an angle of 135 degrees is the
most suitable when taking into account the

Picture 3

Picture 4
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need to maintain a healthy back (W. Bashir 2006). The sitting angle for all test subjects
was also fixed in three ways. Depending on the chair, the angle was set at 90 or 110
degrees, which made it possible for each subject to rest their feet on the floor (Picture
4).

Each test subject’s eyes were covered (Picture 5) so that
“ they would not be able to see which particular chair they were
sitting on at any moment. They also couldn’t see the different
¥ = chairs that were being used for the study beforehand.
&/ The chair models being used for the study were as
‘ follows: A) Triton Activ office chair with a back rest (Martela
Oyj, Finland); B) HAG Capisco saddle chair with a back rest
(the HAG/RH/RBM Group, Norway); C) Bambach Saddle Seat
saddle chair (Bambach Saddle Seat™, Australia); D) BackApp
saddle-like chair (Back App Europe AB, Norway); E) Salli
Classic saddle chair (Easydoing Oy, Finland); F) Ponychair®
saddle chair (MJ Paasikivi Oy, Finland); G) Salli Twin saddle
chair (Easydoing Oy, Finland); and H) Perfect Saddle saddle
chair (Support Design AB, Sweden).

Seating pressure levels were measured using the Tekscan
pressure mat (Tekscan Advanced ClinSeat DB, v.5.64C,
Tekscan Inc, Boston MA, USA). At the end of the test the subjects
were asked for their evaluation on seating comfort levels and the
subjective levels of seating pressure that they experienced on a scale of 1-7 (one being
very uncomfortable, seven being very comfortable).

Picture 5

3. Results

In the measurement of seating pressure levels, the smallest pressure area was found
when the subject was sitting on Chair G (the Salli Twin) for all test subjects. On Chair
A (the Triton Activ), the thighs and buttocks were subjected to the highest pressure
levels. By comparing those areas that were subjected to pressure it was found that in
case of Chairs E (the Salli Classic) and G (the Salli Twin) the pressure was clearly and
almost completely targeted on the area of the ischium. With the other chair models in
the study, seating pressure was divided over a larger part of the test subject’s seated
areas and on their thigh muscles. Seating pressure was also especially notable around
the area of the genitals.

In the subjective evaluation, the test subjects considered the Perfect Saddle class
of saddle chair to be the most comfortable (average 5.1, range 1-7), and the HAG
Capisco saddle chair with its back rest was the most uncomfortable (average 3.9, range
2-6).

For all test subjects, pressure levels around the genitals whilst seated on the split-
seat saddle chair, Salli Twin, was the lowest when compared to the other chair models.
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4. Conclusions

Seating pressure caused by different chairs, plus the ergonomics and usability of such
chairs, is something that has not been researched much as of today. Considering the
improvements that have been made in seating ergonomics and seating health, it is of the
utmost importance that research continues on the impact of long-term seating in regard
to the health of individuals and their feeling up to being able to work.

Of the chairs that were included in the research, the split-seat and height-
declination adjustable Salli Twin places seating pressure over the smallest area of the
body. Pressure is not aimed over the pectineal line or the genitals, so that blood
circulation in tissues and the metabolism in the relevant areas remains active. The
seating position is naturally straight and individuals’ legs do not go numb even while
they have been seated for longer periods of time.
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anthropometric diversity in Swedish industry
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This paper study and clarify problems, needs and opportunities when working with
anthropometric diversity in digital human modelling (DHM) systems. A comparison
between product development and production development in Swedish automotive
industry is made. Interviews with DHM users and ergonomics specialists about their way
of working with anthropometric diversity confirmed that simulations are often done with
only one or a few human models. The reason for this is claimed to be time consuming
processes, both at the creation of the human model but mainly when correctly positioning
the model in the CAD environment.

1. Introduction
An important process of the product or production development is to study how a product,

workplace or task will affect a potential user. These human-machine interaction studies have
been done relatively late in the development phase (Porter et al., 1993), with expensive and time
demanding physical mock ups (Helander, 1999). In order to reduce the need for physical tests in
modern research and development, digital human modelling (DHM) simulation software are
used which provide and facilitates rapid simulations and analyses (Chaffin, 2001). The DHM
tool uses a digital human model to create, modify, present and analyze human-machine
interaction. By using DHM simulation systems it is possible to have a proactive and efficient
consideration of ergonomics during the development process.

When creating a digital human model in a DHM tool, there are generally two methods
available; a percentile based method and custom-built methods. The percentile method offers a
number of predefined percentiles (1%, 5", 50", 95™ and 99™) according to stature and weight
measurements of a certain gender, age group and nationality. A human model is then generated
from anthropometric data and based on the previous choices. The custom-built methods mean
that any desired anthropometric values are defined; omitted dimensions are calculated by
regression equations. Forms of custom-built methods are the boundary manikin method (Bittner,





NES2010

D1- Usability Digital human modeling

2000; Reed and Flannagan, 2000; Speyer, 1996) and the distributed method (HFES 300
Committee, 2004; Jung et al., 2008) in which body dimensions are defined for a number of
cases (human models with specific anthropometrics) intended to cover the target population.
The problem with the percentile method is that usually very few models are tested and it is
likely that not all relevant bodily configurations of targeted users are represented in the analysis
(Jimmerson, 2001; Nelson, 2001; Thompson, 2001; Hogberg, 2009). Creating several custom-
built human models requires more time and may quickly become ineffective (Jung et al., 2009).
The latter problem can however be reduced by using automatic generation of representative
human models and by using automated simulation processes.

This paper studies the use of DHM simulation systems in the Swedish automotive industry
and clarifies problems, opportunities and solutions when working with human diversity in DHM
systems. Another objective is to compare the use of DHM systems in product development with
the use in production development.

2. Methods
Nine semi-structured interviews were conducted to get an understanding of different methods

and approaches when working with anthropometric diversity in today’s automotive industry in
Sweden. In total sixteen persons were interviewed. Their work positions varied from machine
operators to simulation engineers with an up to date expertise of DHM system and also people
with more overall responsibility for virtual manufacturing and simulation. The interview
questions covered topics such as the use of DHM tools, anthropometric databases and creation
of manikins, key anthropometric variables, pros and cons of current DHM tools as well as
suggestions for improvements. The interviews were audio recorded and notes were taken.

The result from the interviews was analyzed and needs and problems of today’s DHM use
were identified. In addition, a comparison between product development and production
development was done.

Table 1. Compilation of interview results presenting the use of DHM simulation system in
Swedish automotive industry

Production Product
Total
development development

Active use of DHM 2/5 414 6/9
tools
Representative
database in the 1/2 2/4 3/6
DHM tool
Use _01" percentile 2/2 2/4 4/6
manikins only
Use of bo_ur_1dary 0/2 2/4 2/6
case manikins
Use of d|s.tr.|buted 0/2 0/4 0/6
case manikins
Manikins based on 0/2 1/4 1/6
user or customer
Measurement for
target group of 0/5 3/4 3/9

interest
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3. Results
The use of DHM simulation systems varied a lot, both between different companies but also

within the companies when comparing product development departments to production
development departments. A common case was that the product development departments had
come further in their work with DHM systems, particularly in respect to consideration of
anthropometric diversity. Often the production development departments had recently started to
work with DHM systems or was about to do so soon. A compilation of the interview results and
comparison can be seen in Table 1.

Overall, most analyses done with DHM tools are of situations where reach and clearance
can be a problem. Interviews showed that used methods and work process generally was in a
development phase and not fully evolved. Several companies did not use DHM tools; instead
they used anthropometric data directly from tables or analyzed ergonomic problems with video
recordings. The video analyses were done with one person randomly selected from the work
personnel or at best two persons; one long and one short person. According to the interviews, a
DHM tool needs to be fast and easy to use. It should be possible to rapidly scale a manikin in
order to see how a work position will affect a person with other body dimensions. A wanted
function is the possibility to rescale a population to better fit the target group. Using a
simulation system should lead to better quality with the same work effort and the results need to
be trustworthy. The interviewed persons believe that using DHM tools give the opportunity to
work with “active” development where it is possible to redefine a product or workplace based
on simulation results. The possibility to early evaluate solutions without creating a physical
mock-up reduces costs and development time.

The analyses done in the DHM systems are currently often combined with guesswork
based on simulation results and self-knowledge to produce result for the rest of the population.
This fact is due to the slow and difficult process when manually position the manikins. To cover
all intended users a large part of the departments use a very rough strategy involving one or two
manikins based on stature percentiles. The goal can be that the largest male (95th percentile)
and the smallest female (5th percentile) should be able to do the task. Another approach is that a
woman of the 50th percentile stature should be able to reach the work area. It is not unusual that
even these objectives are not possible to fulfil and if that happens studies are done to expose
what is possible to achieve depending on the workstation. The reason for these simplified
solutions is the time-consuming processes when working with several manikins, even if good
features exist to assist in the positioning of a manikin.

In contrast to this rough strategy with few manikins, there were also some departments that
used a more refined approach on the problem and used manikin families. These manikin
families were based on Speyer (1996), which contains twelve human models supposed to cover
the target population. The Speyer family is based on three key measurements: stature, waist
circumference and sitting height. Another solution was to define the population and target
groups in the beginning of project and based on that data five stature and weight percentile
manikins were created to cover the extremes of that population. These five manikins are then
used during the whole project.

Most of the interviewed departments used anthropometric data that was not included in the
DHM systems. To compromise the fact that it is difficult and time-consuming to fully
implement anthropometric data into the DHM systems percentile measurement for stature and
weight of own anthropometric data is used and other measurements are calculated by the
software’s regression model. Some had not considered the choice of database and did not know
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what database that was used and did not have a plan for how to choose anthropometric
resources.

Most departments did not have any possibilities to verify their simulated results with
physical testing, mostly because they did not have any data for individuals in their target group.
Three of the interviewed departments had taken measurements on individuals in the target group
of interest. All these departments worked with product development and one of these
departments had also implemented a method in where they first did analyses with manikins of
the same size as earlier measured company personnel. This method made it possible to verify
the analysis with results in a physical clinic where the personnel did the analyzed task.

4. Discussion
The use of DHM simulation systems varies a lot when comparing product development and

production development where product development generally has developed methods and
work processes for the consideration of anthropometric diversity. This can have several reasons;
the product and production have different customers and focus is put on the product
development customer who is the final user of the product. In production development, DHM
work in general are not always given as much focus as other improvement methods like lean
production which is easier to connect with income and expenses. At the production
development stage the product is often defined to a large degree, which means that changes to
the product at that stage often involve much work and high costs. Hence, requested changes of
the product may be hard to get implemented. Working with DHM system in both product and
production development processes is believed to gain the concurrency and collaboration in the
development work.

There is an evident need for better communication between production development and
product development, foremost feedback from production development to product development
but also a discussion between ergonomics departments to exchange knowledge and share
problems. It would also be helpful with a good communication between DHM users and
company physiotherapist which usually does not have any knowledge of DHM systems. The
DHM simulation systems need to be more easy to use, more automatic and supportive for the
tool user. It should be easy to almost automatically generate a possible human motion from one
position to another and repeat the simulation for a number of manikins with different body
dimensions. There is also a need to easily implement own anthropometric data and scale
existing databases to better fit the target population. This would lead to more focus on covering
the target population with several manikins and finding key measurements than on visual
simulations and guessing.
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This study reviews assessment methods in DHM tools and explore the utilization of these
methods in industry. Interviews with DHM users and ergonomics specialists within the
Swedish automotive industry showed that simulations and following evaluations are
almost solely based on static postures. Integrated evaluation tools in current DHM
systems are seldom utilized; instead they use company specific evaluation methods. Both
the review of current DHM tools and the interviews confirmed that there is an evident
need for more time-dependant evaluation methods. The results are used to present a
conceptual DHM module dealing with time-dependant ergonomics assessment.

1. Introduction
The Swedish Work Environment Authority regularly performs work environment surveys

regarding work-related disorders in Sweden. The latest statistics (for year 2008) shows that
more than 5300 new musculoskeletal disorders (MSDs) were reported as work-injuries as a
result of heavy lifting, static muscular load, awkward and constrained postures and repetitive
movements. Furthermore, about 9 percent of all employed men and 11 percent of all employed
women reported to have suffered from bodily disorders that they relate to their physical work
load during the past 12 months (Arbetsmiljoverket, 2009).

Ergonomics evaluation of productions systems focuses on identifying and eliminating risks

for MSDs among the workers. Software tools for simulation and visualization of the human
work and ergonomic evaluation, known as Digital Human Modelling (DHM) (Chaffin, 2001)
have been introduced to the industry to support a proactive and efficient consideration of
ergonomics in the design process. In the DHM tool it is possible to manipulate the manikin
manually (manipulating individual segments in each degree of freedom), use predefined
postures, import motion capture data or use motions generators to generate manikin postures or
movements. These postures and motions require different methods for ergonomic assessment.

NES2010





NES2010

D1- Usability Digital human modeling

Ergonomics evaluations performed in industry today is primarily focused on assessing
static postures, assumed to represent the worst-case scenarios (Raschke et al., 2005). This
approach is partly driven by the lack of suitable human performance analysis methods for
dynamic motion (Chaffin, 2005), but also due to the complexity and time required to create
simulations that represent full work tasks. The results from these static posture analyses are
indeed useful, but don’t reveal the whole picture of the actual situation since work usually
includes a series of tasks and movements.

Several researchers believe that there is a need to shift focus away from pure posture
analysis in favour to the assessment of work tasks and the consideration of time related factors
(Wells et al., 2007; Chiang et al., 2008). They argue that repetitiveness, duration of exposure,
recovery time, motion velocities, etc contribute at least as much to the potential risk of work-
related musculoskeletal disorders (WMSDs) as posture and static loading.

The objective of the study performed is to review assessment methods typically integrated
in DHM tools and to explore the utilization of these methods in Swedish industry.

2. Methods
To review current DMH tools and their integrated ergonomics assessment capabilities, an

analysis of Delmia V5 Human, Pro/Engineer Manikin and UGS Jack 6.0, were conducted. The
analysis investigated which evaluation methods were integrated, targeted exposures and
dimensions and the possibility to customize the software and add company specific
methods/standards.

In addition, six qualitative interviews were conducted with actors within the Swedish
automotive industry in order to get an insight into how they work with ergonomics assessment.
A total of thirteen persons were interviewed. Their work positions varied from simulation
engineers, to ergonomic specialists and people with more managerial positions within virtual
manufacturing. The interviews were carried out as focused (semi-structured) interviews, where
the interrogator asked open questions regarding the focus area (i.e. ergonomics assessment). The
interviews were audio recorded with accompanying notes taken. The goal was to gain a rich
understanding for how the interviewees work with ergonomics assessment and to identify
suggestions for improvements.

3. Results
The review of Delmia V5 Human, Pro/Engineer Manikin and UGS Jack shows that the tools

include a variety of ergonomics evaluation methods (Table 1), where digitized versions of the
methods RULA (McAtamney and Corlett, 1993), OWAS (Karhu et al., 1977), NIOSH lifting
equation (Waters et al., 1993), and Snook (Snook and Ciriello, 1991) build up a kind of a
standard package. However, the interview study among DHM users in industry gave that these
integrated methods are rarely utilized. Instead, they often have customized their DHM tools and
integrated their own company specific ergonomics standards and evaluation methods tailored
for their particular operations and national regulation concerning work environment. This is
often a very expensive procedure since the customization predominately requires the help of the
DHM tool developer. Also, they feel that user requests on upgrades and functionality
development do not get enough attention from the large software companies.
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Table 1. List of integrated ergonomic evaluation methods within reviewed DHM tools.

*P=posture, F=force, D= duration, Fg= frequency of action, M=movement, and T=torque).

DHM tool

Method

Target exposures
and dimensions*

Customization
possibilities

Delmia V5 Human
(R18)

RULA analysis

Lift/lower analysis (NIOSH ’81 & ‘91, Snook)
Push-pull analysis (Snook)

Carrying analysis (Snook)

Biomechanical analysis

P, F, static action
P,F, D, Fq

P,F, Fq,M

P,F, Fq,M
P,FT

No possibility without the
help of the software
developer

Pro/Engineer

Material handling (RULA)

P, F, static action

No possibility without the

NES2010

Manikin (Wildfire Lifting/Lowering (Snook) P, F, Fq help of the software

5.0) Lifting/Lowering (NIOSH ‘91) P,F, D, Fq developer
Carrying (Snook) P, F
Push/pull (Snook) P,F, Fq, M

UGS Jack 6.02 Low Back Spinal Force Analysis P,F, T Includes a
Static Strength Prediction P, F scripting/program
NIOSH P,F, D, Fq interface to create analysis

) ) e and interface add-ons.

Predetermined Time Standards M (Requires programming
RULA analysis P, F, static action skills). Possible to export

manikin data to external
software.

Metabolic Energy Expenditure (kcal/min) P,F,D,Fq, M
P,F,M
Fatigue/ Recovery Time Analysis P, F, recovery time

OWAS Working Posture Analysis P, F

Manual Handling Limit

The interviews gave that simulations and following evaluations are almost solely based on
static postures aimed to represent “worst case” scenarios (extreme postures or static work >5
seconds). The main reason for this is claimed to be the complexity and time required to create
simulations that represent full work tasks. Furthermore, if full work sequences would be
simulated, there is a lack of evaluation tools in current DHM tools for assessing dynamic
motions.

The interviews showed that working with current DHM systems is frequently combined
with qualified guessing of the final result due to manual positioning of the manikin and
estimation of a person’s balance. This fact and poor user friendliness makes DHM tools being
perceived as expert tools which few people within the organizations are qualified to use.

According to the interviewees, one of the major advantages using DHM tools is the
possibility to solve problems in early phases of the design process and being able to make better
decisions based on the simulations. The DHM users are looking for an easy to use DHM tool,
where the ergonomics evaluation results are objective, trustworthy and repeatable.

4. Discussion
Current DHM tools are advanced and offer a wide array of ergonomics evaluation methods, but

the interviews gave that many of these features are not used in industry because of time
constraints and evaluation methods that are not suited for the users’ specific activity.
Furthermore, there are several user requirements that are not met by today's DHM systems. For
example, a consequence of the subjective evaluations and sometimes guesswork makes it
difficult to get evaluation results to produce credibility when communicating with product
developers, designers and managers.
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The integrated evaluation methods in current DHM tools do not meet the new demands of
time-related ergonomics analysis, since they predominately assess posture and force. The
interviewed DHM users also agree with Chaffin (2005) that there is a lack of suitable analysis
methods for dynamic motion. Together with complex and time-consuming procedures to create
dynamic simulations (involving manual positioning and manipulation of individual segments of
the manikin) more or less forces the DHM users to work with static postures representing
“worst case” scenarios in accordance with Raschke et al. (2005). The conclusion is that there is
an evident need for a more time-efficient DHM tool that incorporates new time-dependant
evaluation methods in order to improve the accuracy of ergonomics assessments.

Results from the study were combined with informal brainstorming sessions and
conceptual generation of a new DHM module dealing with ergonomics assessment. This is a
work in progress and the resulting module and work methods will most likely evolve and
transform during the development process. Figure 1 shows the conceptual functionality of the
proposed module for ergonomics assessment.
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Figure 1. Flowchart depicting the ergonomics assessment module and work process.

Key issues for the module are user friendliness and flexibility. The overall objective is to offer a
tool that supports faster and more reliable ergonomics analyses. It should work as a fast and
easy to use screening tool, but also provide more in depth analysis when required. An important
factor for a successful result is the close collaboration with the Swedish automotive industry.
Working closely together increases the chance that the outcome will be a DHM tool that fulfills
the needs of today’s users and their call for high level of customization.
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One key objective is that the module will work together with the motion generation
functionality within IMMA (Intelligent Moving Manikin), a DHM tool under development. This
means that the integrated ergonomics evaluation methods will support the path planning
functionality to minimize ergonomic loads for predicted motions. After the motions are
determined, the module will enable evaluation of work tasks by considering time related factors
and aggregation of ergonomic loads. The aim is to move away from pure static posture analyses
and instead evaluate motions patterns over time, i.e. assess dynamic work tasks rather than
snapshots of human work. This approach would make it possible to discern motions patterns
and show which parts of the movements that generate high ergonomic loads and the total
accumulated load/strain. Working proactively with IMMA and this ergonomics evaluation
module is believed to reduce the risk of WMSDs.

Further work will require a deeper examination of biomechanics and current evaluation
methods. Focus will be on covering the time factor to find possible and biomechanically
acceptable ways for the simulated human interacting with a workplace or product.
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This study evaluated the ergonomics and usability of manual, single-channel pipettes
(model A, B, C, D, E, and F). During the pipetting task, the wrist angle, muscular strain,
perceived musculoskeletal strain, perceived features of usability, and work efficiency
were measured. The usability features of pipettes C, D, and E were significantly
(p<0.001) better than those of pipettes A, B, and F. Muscular strain in the extensor side
of the forearm was significantly lower (p<0.05) with pipette C than with the other
pipettes. The results of this study can be used as an ergonomic checklist when pipettes are
being designed.

1. Introduction.

Laboratory work involving pipetting is associated with an increased risk of musculoskeletal
symptoms in the upper extremities and the shoulder region (Bjorksten et al. 1994, David and
Buckle 1997). Manual pipetting requires accurate intensive work with excessive thumb force,
short work cycles, repetition, and awkward hand postures (Fredriksson 1995, Lintula and
Nevala 2006, Lu et al. 2008). These ergonomic stressors are known to be major risk factors for
repetitive strain injuries (Viikari-Juntura and Silverstein 1999). In addition to individual harm,
upper-extremity disorders may cause significant loss of productivity at work and sickness
absenteeism (Martimo et al. 2009). Developing the ergonomics and usability features of pipettes
can help reduce the physical risk factors associated with pipetting, such as increased muscular
activity and awkward wrist postures (Lintula and Nevala 2006, Lu et al. 2008). In the long run,
such development may also decrease the risk of musculoskeletal symptoms and disorders.

2. Objective.
The objective of the study was to compare the ergonomics and usability of six mechanical
single-channel pipettes (Figure 1) during a pipetting task in a simulated work situation.

Figure 1. Models of the tested pipettes (A: Gilson Pipetman Neo; B: Eppendorf Research plus;
C: Thermo Scientific Finnpipette F1; D: Biohit mLine; E: Thermo Scientific Finnpipette F2; F:
Rainin Pipet-lite)
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3. Materials and methods.

3.1 Study population

Ten healthy female laboratory employees volunteered as test subjects for the study. All of them
were right-handed, with an average of 12 years (standard deviation 10 years) of experience in
pipetting work. In order to adjust to the different pipette models, the women were allowed to use
the pipettes, as test pipettes, in their work before the measurements. However, during the study,
all six of the pipettes used were brand new.

3.2. Evaluated pipettes
The tested pipettes were obtained from world-leading manufacturers. In Table 1, the codes,
trade names, and characteristics of the pipettes are presented.

Table 1. Model and characteristics of the tested pipettes (A—F).

Code  Trade name of the Weight Length® Circumference’  Shape of
pipette (9) (cm) (cm) finger rest

A Gilson Pipetman 111.3 24.3 10.0 Short,
Neo straight

B Eppendorf 76.3 23.3 9.0 Long, curved
Research plus

C Thermo Scientific 67.9 22.2 9.3 Rotating,
Finnpipette F1 long, curved

D Biohit mLine 75.7 22.5 9.4 Long, curved

E Thermo Scientific 67.6 22.2 9.0 Long, curved
Finnpipette F2

F Rainin Pipet-lite 106.8 23.9 9.5 Long, curved

®The length of the pipette was measured from the top of the dispensing button to the end of the tip cone
when adjusted to the largest volume.
® The circumference of the pipette was measured from the thickest point of the handle.

3.3 Procedure

This was an experimental study with a comparative cross-sectional design. The measurements
of each participant were carried out in random order during the same day in a simulated work
situation. The following 3-minute pipetting task was used: tip taking, liquid dispensing (100 ul)
from a test tube onto a dosing plate, and finally tip ejection. An average break of 5 minutes was
taken between the tests with each pipette. The participants were given the freedom to choose the
method with which they would complete their tasks (Figure 2).
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Figure 2. Pipetting task with a mechanical single-channel pipette.

3.4. Measurements

Muscular activity was measured with surface electromyography (EMG) (ME6000, Mega
Electronics, Kuopio, Finland) during pipetting. It was measured on the right side of the body
(m. trapezius pars descendens, m. extensor digitorum, m. flexor pollicis longus, and m. flexor
pollicis brevis). From the EMG data, the mean amplitude values (uV) were analysed. Relative
muscular strain during pipetting was defined as the percentage of the maximal EMG activity (%
MEMG) by calculating the EMG activity during work in relation to the activity measured
during a maximal voluntary contraction. Right wrist extension/flexion and ulnar/radial
deviations (°) were measured using a twin-axis electrogoniometer (Biometrics, UK).

After the pipetting task, visual analogue scales (VAS) were used to determine the
perceived musculoskeletal strain of the right side of the upper body and certain perceived
features of usability (design, fit, weight, balance, shape of finger rest, support of finger rest,
shape of dispensing button, height of dispensing button, lightness of dispensing button, picking
up of tip, location of tip removal button, shape of tip removal button, lightness of tip removal
button, coordination of the dispensing and tip removal buttons, location of display window,
clarity of display window, sound of pipetting, volume adjustability, adjustable finger rest,
overall evaluation). A rating scale was used to assess the opinions of the users with respect to
the pipette models. The workers were asked which pipette model they would choose as the best,
the second best, and the third best for the pipetting task. In addition, the participants had to write
down their comments on why they chose a certain pipette as the best, the second best, or the
third best. Work efficiency was assessed by calculating the number of tips pipetted during the 3-
minute pipetting task. The differences between the pipettes were tested by an analysis of
variance and a paired t-test.

4. Results.

There were statistically significant differences between the pipettes with respect to muscular
strain. With pipette C (Thermo Scientific Finnpipette F1), muscular strain in the m. extensor
digitorum was significantly lower than with all of the other pipettes (p<0.01). The muscular
strain values of the forearm extensors (m. extensor digitorum) varied between 9.6% and 14.2%
of the MEMG. With pipette A (Gilson Pipetman Neo), pipetting caused significantly (p<0.05)
higher muscular strain in the m. flexor pollicis longus than with pipettes B (Eppendorf Research
plus), C (Thermo Scientific Finnpipette F1), and F (Rainin Pipet-lite). With pipette C, the ulnar
deviation of the right wrist (2.0 °) was the least (p<0.05) when compared with that caused by
pipettes A (5.6°) and F (6.2°).
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With respect to perceived musculoskeletal strain, pipette A was given significantly higher
(p<0.05) values for the wrist region, the fingers, and the thumb than were the other pipettes.
According to the usability assessment, pipettes C (Thermo Scientific Finnpipette F1), D (Biohit
mLine), and E (Thermo Scientific Finnpipette F2) were regarded as the best pipettes in the
overall assessment of pipette usability (p<0.001). The usability features of pipette C were
assessed as the best for 17 of the 20 items when compared with the use of all of the other
pipettes.

Figure 3 presents the association between muscular strain (% MEMG) in the m. extensor
digitorum and the overall evaluation of usability (VAS). Of the participants, 50% considered
pipette C to be the best tool for pipetting work, and they considered the pipette's new feature, a
rotating finger rest, to be a good innovation that improved the usability of the pipette. There
were no statistically significant differences between the pipettes in terms of the efficiency of
pipetting work.
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Figure 3. Association between muscular strain (% MEMG) in the m. extensor digitorum and the
laboratory workers’ (n=10) assessment of the overall usability of the pipettes (VAS, 0 = very
poor, 100 = very good).

5. Conclusions.

Of the tested pipettes, pipette C was considered the best for laboratory work. In addition to the
subjective assessments, the objective measurements of muscular strain (% MEMG) and wrist
angle (°) supported of the superiority of pipette C. The new feature of pipette C, a rotating finger
rest, was considered to be a good innovation, especially for ambidextrous pipetting. The
possibility for ambidextrous use of the tool should be emphasised as a means of decreasing the
workload of pipetting. The results of this study can be used as an ergonomic checklist in the
design of pipettes.
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Abstract

This paper studies the perceived effects on the working conditions in 24 medium sized
manufacturing companies, approximately 1.5 year into their implementation of Lean. This is
studied quantitatively based on four stakeholders’ perceptions (the workers, the managers, the
production supervisors and the white-collar workers), based on three factors; changes in the
working environment, work with safety for the personnel and level of stress. The results indicate
that the physical work environments have improved and the workers and production supervisors
report a slight increase in stress. Lastly, all groups report an increase in the work with safety for
the personnel.

Introduction

Lean Production is a Toyota-inspired management concept (Womack et al., 1991; Womack & Jones,
2003; Liker, 2004) which has, during the recent decade, become very popular in Sweden. There are also
several Swedish “Lean success stories”, such as Scania and Astra Zeneca, which, together with a growing
Lean consulting industry, does its share in aiding of the popularity of Lean in Sweden.

Lean Mean Production

Although Lean today seems to be mostly viewed positively, at least in the popular media (even if there are
still critics of the concept), this has not always been so. For instance, the concept was during the 1990s,
sometimes described as being “mean”, or “anorectic”, by the critics - i.e. the argument was that Lean
causes “mean” production systems which are bad for the employees’ health.

For instance, several researchers have reported problems created by increased job intensity and
higher demands, without increases in the positive aspects of work, such as a broadened set of work duties,
work rotation, increase in team work, etc., when Lean has been implemented (Berggren, 1993; Bjérkman,
1996; Haynes, 1999; Landsbergis et al., 1999; Schouteten & Benders, 2004).

Of course, this does not stand unchallenged; for instance, Womack et al. (1991), Womack and Jones
(2003) and Liker (2004) has argued that a true Lean production system will create better working
conditions, through increase in team work, job rotation, increased skill level and broadened work
responsibilities, etc. However, empirical research supporting this argument, i.e. that true Lean production
systems creates positive working conditions, are scarce (Genaidy & Karwowski, 2003).

Adding to this is the observation made by some researchers that Lean might have “transformed”
during the last decade, into a more participatory concept. For instance, S&ppald och Klemola (2004) in
their studies of Finish companies implementing Lean, argue that the concept has taken on socio-technical
structures. This, together with the observation made by Hampson (1999), that surrounding social factors
(such as the union’s power and means to implement their will) for an organizations determines if Lean
becomes “mean” or not, means that it is of great interest to investigate empirically how Swedish
companies today perceive that the working conditions are affected, when Lean is implemented.
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Lean Working Environments — An Empirical Study of 24 Companies Implementing Lean

Purpose of this Paper

The purpose of this paper is to examine empirically how 24 Swedish manufacturing companies perceive
that the implementation of Lean Production affect several aspects of their working conditions, using a
quantitative approach.

More specifically, in this paper, we will study how four stakeholders (workers, managers,
production supervisors and white-collar workers) within these companies perceive that three aspects of
their working conditions have changed 1.5 year into their implementation of Lean; the physical work
environment, the work with safety for the personnel and the level of stress.

Method

The Companies in the Study

The 24 companies included in this study were all medium sized manufacturing companies, located in
different geographical areas of Sweden. This meant that they all had between 50-250 employees, when
they started their “Lean journey”, and they were all focused on traditional manufacturing, although their
market focus differed.

All of the companies have also been involved in a Swedish national development program, called
Produktionslyftet (roughly translated into English as “the Production Lift”); for more information about
the program, see www.produktionslyftet.se. This is a three year program, financed by the Knowledge
Foundation (“KK-stiftelsen”, in Swedish), VINNOVA and the Swedish Agency for Economic and
Regional Growth (“Tillvéaxtverket”, in Swedish), running during the period of 2007-2010.

The program has to date included 60 medium sized manufacturing companies, and is focused on
supporting them during approximately a 1.5 year period, in their implementation of Lean. This, through an
extensive program of consulting and educational support, focusing both on the philosophical and technical
aspects of Lean, such as the tools associated with Lean (5S, improvement groups, value stream mapping,
SMED, visualization, etc.); most companies have worked mostly with 5S and improvement groups.

The Questionnaire Study

The questionnaire questions, presented in this paper, are part of a larger questionnaire send out to the
companies of Produktionslyftet, which is part of a larger research project, connected to the program. For
instance, a qualitative process study has also been performed with the pilot companies of the program,
although no results from that study will be presented in this paper.

The questionnaire is sent out to the companies after they have finished their time in the program, i.e.
roughly 1.5 year into their Lean implementation. The questionnaire is extensive, although only part of the
collected empirical data has been included in the analysis done in this paper. These questions are three
statements intended on assessing how the respondents disagrees or concurs to the following statements,
regarding perceived changes during the recent year:

1) The physical working environment (“arbetsmiljé”, in Swedish) has improved.

2) The work with safety for the personnel has increased.

3) The level of stress has increased.

The instruction, to the companies, was that those who had been actively involved in the Lean
implementation, together with the company management group and representatives of the blue and white
collar union, was the intended target for the questionnaire. However, which these persons actually where,
for each individual company, was determined by the companies themselves.

Concerning the questions regarding how the working conditions have been affected, during the last
year, answers from four groups/stakeholders have been included in this paper; the operative personnel
(“workers”), the production supervisors, white-collar workers, and the managers of the companies. These
results will be presented separately, i.e. group for group, in order to analyze if there are differences
between how these stakeholders perceive that the working conditions have changed during the last year. A
medium value significance test (Rudberg, 1993) will also be performed, to see if there are significant
differences between how these groups perceive these issues.
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Number of Respondents

In total, the number of persons answering the three questions was 282. Broken down into the four different
groups, this means that 85 managers, 51 production supervisors, 99 workers and 47 white-collar workers
have answered these questions.

The Weighing of the Answers

Five categories were used, as possible answers to statements (1)-(3); “concurs strongly”, “concurs”,
“disagrees”, “disagrees strongly” and “don’t know”. These data were broken down into four categories;
answers from managers, production supervisors, operative personnel (“workers”) and white-collar
workers. The formula below was used to weigh the answers from the respondent groups, resulting in a
single number ranging between -2 and 2, for each statement and each group:

Formula 1: Weighing of the answers

W = 2n,, +Ng, —Ney, —2n5, +0Ng
ab

ntot,b

W, is the weighing for statement a, for group b, and na, are the number of persons concurring strongly
with the statement, for group b, ngy are those concurring for group b, nc those disagreeing, np those
disagreeing strongly and ng the number of persons who do not know. ny,y, is the total number of persons,
for group b, answering the question (i.e. Nap + Ngp + ... + Ngp).

Also, a medium value difference significance test (Rudberg, 1993) was performed, in order to
analyze if there is a significant difference between how the groups perceive these changes.

Results
The following figures below (figure 1-3) show the results from these studies and in table 1 the results of
the significance tests are presented.

Regarding the changes in the physical working conditions (figurel, below), the managers and
white-collar workers present the most positive perspective of the changes, meaning they concur to the
highest degree that the physical working environment have improved. Those who concur to the lowest
degree are the production supervisors. In fact, the data show that there is a statistical significant difference
between the managers and the workers (5% insecurity), and also between the production supervisors and
managers (1% insecurity), although not between the production supervisors and operators and no
difference between the white-collar workers and the managers.

The managers and white-collar workers are the most positive when it comes to the issue of work
with safety for the personnel (see figure 2), followed by the workers and the production supervisors;
however, no statistically significant differences between the four groups can be identified, suggesting
some level of consensus between the groups.

Lastly, regarding how the respondents perceive that the stress has changed (figure 3), during the last
year, we again see a difference between the four groups. The managers and white-collar workers concur to
the lowest degree to the statement that the stress has increased; in fact, they disagree with the statement.
However, both the production supervisors and operators concur, albeit to a low degree. There is also a
statistically significant difference between the managers and the production supervisors and workers (1%
insecurity), although no statistically significant difference can be detected between the production
supervisors and the operators, nor between the white-collar workers and managers.
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The physical working conditions has The work with safety for the personnel has
improved during the recent year. increased during the recent year.
mmAverage MH\Varians ===Totalaverage B Average MBEVarians ===Totalaverage
2,00 2,00
1,50 1,50
1,00 1,00
0,00 0,00 _
-0,50 Manager Production Cperators Whit lar -0,50 IManzger Froouction Operator ‘White-colar
1,00 supervisors workers 1,00 supervisors workers
-1,50 -1,50
-2,00 -2,00
Figure 1: Physical working environment Figure 2: Work with safety

Table 1: Significance test for group differences

The stress has increased during the recent . - -
between perceived effects on working conditions

ear.

mm Average -v:rians ==Total average Groups PWC LSW LOS
10 M vs. PS 4,746 0,409 3,807
1,50 Mvs. W 2,693 0,644 5,603
1,00 M vs. WW 0,253 0,131 0,336
050 PSvs. W 3,077 0,081 0,041
Ezz - — — ‘ PS vs. WW 4,008 0,492 3,675
~1:c0 sugervisors workers W vs. WW 2,193 0,704 5,597

PWC: Physical working conditions; LSW: Level of safety work;
LOS: Level of Stress; M: Managers; PS: Production Supervisors; W:
~2,00 Workers; WW: White-collar workers

Figure 3: Level of stress

1,50

Discussion

Firstly, a methodological issue needs to be discussed, which is the question how the managers and white-
collar workers have perceived the questions regarding how the physical work environment has changed,
and also, the question regarding the stress; have they answered how they perceive changes in their own
physical work environment and stress, or regarding how they perceive that the physical work environment
and stress has changed for the workers and production supervisors — i.e. within the production facilities?
Based on impression during other studies with the ten pilot companies of the program (i.e. the qualitative
process study, mentioned earlier), the likely answer is that at least the managers have answered how they
perceive that the conditions for the workers have changed.

Second, regarding the results concerning the changes in the physical working environment; here,
the managers and white-collar workers of the companies clearly present the most positive perspective.
However, a majority of the respondents, in all of the groups, still seems to perceive that the physical
working environment have improved during the last year, i.e. during the implementation of Lean. This,
together with the observation that most companies have focused a lot of energy on the work with 58S,
suggests that the perceived changes reflect an increase in the order and cleanliness of the work place — i.e.
these types of Lean tools have likely affected the perception of the work environment.

This trend, however, i.e. that the managers and white-collar workers of the companies are the most
positive groups of the respondents in the companies, we can also observe regarding how the respondents
concurs to the statement that the work with safety for the personnel has increased during the last year.
However, the differences between the groups are much smaller here. Thus, since a majority of the
respondents in the companies agrees that the work with safety has increased (with small differences
between the four groups), this suggest that work with safety has increased. Why this is so, the data does
not tell us, however.
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Lastly, regarding the perceptions of the changes in stress during the last year, we see an interesting
difference. The managers and white-collar workers do not agree with this statement; however, the workers
and production supervisors concur to some degree, although only slightly. Of course, from these data, it is
difficult to assess what causes these differences. One possible interpretation is that the recession of 2008-
2009 has affected the employees, through layoffs and similar activities, to a higher degree than the
managers, creating a higher level of stress. Of course, this argument could also be reversed, i.e. one could
argue that the stress has increased despite less to do for the workers in the production (due to the
recession), and thus arguing that this a signal that the stress has in fact increased, and would have
increased more if the recession had not lowered the amount of work in the production. However, a third
possible interpretation of the results is that the managers and white-collar workers of the companies would
be less directly affected by work intensification in the production, if an intensification has occurred. Thus,
although the data does not clearly show us which is the case, for these companies, it does not seems
unreasonable to assume that some level of work intensification (i.e. stress) has occurred for the workers
and production supervisors, although at this point, it is difficult to assess precisely why this has occurred.
Also, from these data, it is not possible to tell how this affects the health of the employees.

Conclusions
Several interesting conclusions are plausible, from the results presented here. First of all, the four different
groups perceive differently how the working environment have changed during the last year; the managers
and white-collar workers are, to a large extent, the most positive, while the operators are positive, but
significantly less than the managers and the white-collar workers, which is also the case for the production
supervisors, which are the least positive, although still positive. Second, there is some evidence in these
results that the production supervisors and workers perceive some degree of work intensification, since
their perceived stress has increased during the last year, although to a low degree. However, the managers
and white-collar workers of the companies do not perceive such an increase in stress. Thirdly, regarding
the work with safety, here all the groups are in consensus; the conclusion is that the safety work has
increased, to some degree, for the personnel.

Thus, the conclusion from these results is that the implementation of Lean, in these 24 companies,
has meant some improvements in the physical work environment and a small degree of work
intensification — but mostly, it does seem to mean an increase in work with safety for the personnel.
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At Scania the health and work environment issues shall be an integrated part of the company’s
operations. Within production, Scania Production System (SPS) has been developed with Lean
Production as its corner stone. This system also embraces work environment.

The company’s top management regard good health and a good working environment as key
elements in ensuring that Scania is profitable and successful. This is described in the document called
”Health and Work Environment — Strategic Platform”. The work carried out with health and work
environment work is based on the policy where the health principle forms a central part. Through a
proactive approach, where the focus is on promoting and developing preconditions for good health as
well as systematic prevention work, the need for reactive activities is reduced.

As regards ergonomics, this means that it is necessary to develop assembly- and service- friendly
designs. In order to be able to evaluate new components at the design stage from the ergonomic
perspective, Scania’s Ergonomic Standard SES-design is created.

Besides SES-design, other methods for risk evaluation in terms of load ergonomics are used.
Common to all methods is that as much as possible shall be carried out by those employees who are
affected and have undergone training in the methodology. | will give you a few examples of
evaluations and good solutions.

It’s also necessary to have good equipment, facilities, etc. which promote good health. For the
Swedish operations for example, there are guidelines governing the office workplaces. Work is now
being carried out to define the requirements, in terms of work environment, for all Scania operations
globally. In this, load ergonomics is included as one of the 14 areas. We are also involved in projects
aimed at developing recommendations as to how new service-workshops are to be designed and
furnished.

If work environment work is carried out in the line organisation, what are our tasks as ergonomists?
At Scania there are two main groups of ergonomists. One group focuses on the product so that the
truck driver has a good ergonomic work place. The other group focuses on work environment for
employees and, of these, | and one colleague work with method development and global support.
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The objectives of this presentation are to:

» Understand the factors that contribute to the costs and financial benefits of ergonomic
improvements.

» Demonstrate how to compare the costs and benefits of alternatives.

» Estimate the return-on-investment (ROI) and break-even point for an ergonomic
improvement.

This presentation describes how to calculate and interpret various methods to express costs
and benefits, including Return-on-Investment (ROI), the Break-Even Point, and Net Present
Worth. The costs of an ergonomic improvement, including training, equipment costs,
implementation costs, and other life cycle costs are discussed utilizing a real case study from
industry. Benefits of the improvement are considered, including tangible benefits, such as
reduced worker’s compensation costs and increased productivity, and intangible benefits,
such as or improved morale. When and how to apply these concepts to justify ergonomic
improvements to senior management are discussed, as are the “do’s” and “don’ts” with
respect to presenting the analysis.
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The aim of this paper is to introduce the concept of boundary objects to better understand
the role of objects in participatory ergonomics (PE) design processes. The research
question is: What characterizes boundary objects in PE processes? We identify eight
characteristics of boundary objects and their use that make them particular useful in PE
design processes. These characteristics go beyond the object itself. We argue that the
selection of boundary objects in PE processes is of great importance because different
objects enable workers participation and collaborative design differently. The framework
developed may serve to give criteria for practitioners and intervention researchers for
the selection of objects to facilitate a PE process.

1. Introduction

Participatory ergonomics (PE) has become a widespread field of research and practice. The
focus on design and planning of new installations or production systems as a goal for PE
triggers the question: How can workers and other workplace end users participate in setting up
measures for ergonomics when the new workplace does not exist? This question is about
representations of workplaces and work processes in design processes. If the ergonomist has the
role of guiding the PE process he also has to consider what kind of representations are useful in
the design process. Looking into studies of PE processes it seems that quite a number of
different kinds of objects are used to represent features of the non-existing workplace and work
process in design processes. By objects we initially refer to such different things as written
documents, drawings, prototypes, and CAD systems.

The representations are means of communication and enablers of participatory design
processes. For an ergonomist guiding a PE process the involvement of objects should make it
easier for the workers or workplace users to participate in the design process. Hence, it can be
questioned whether some objects are better than others in doing that job. In this study we will
introduce the concept of ‘boundary objects’ originally developed within the Science and
Technology Studies field. Boundary objects have the ability to translate meaning across
different knowledge domains and work practices. This ability is highly wanted in PE to
facilitate design processes involving workers, designers, and ergonomists.

The aim of this paper is to identify and explore the role of boundary objects in PE processes.
The question in focus is: What characterizes boundary objects in PE processes?

2. Boundary objects
The concept of boundary objects was introduced by Star & Griesemer (1989):

Boundary objects are objects which are both plastic enough to adapt to local needs and
constraints of the several parties employing them, yet robust enough to maintain a common
identity across sites. They are weakly structured in common use, and become strongly
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structured in individual-site use. They may be abstract or concrete. They have different
meanings in different social worlds but their structure is common enough to more than one
world to make them recognizable means of translation. The creation and management of
boundary objects is key in developing and maintaining coherence across intersecting social
worlds. (p. 393)

Carlile (2002 and 2004) analyzed the concept in studies of product development and for him
it describes objects that are shared and shareable across different problem solving contexts. In
line with Star & Griesemer, without using the exact same terms, he operates with three
categories of boundary objects in the product development setting: First, repositories, i.e. cost
databases, CAD/CAM databases, and parts libraries. Second, standardized forms and methods,
i.e. standards for reporting findings, problem-solving methods, or engineering change forms.
Third, objects, models, and maps, i.e. sketches, assembly drawings, parts, prototype assemblies,
mock-ups, computer simulation, Gantt charts, process maps. Carlile (2002) identifies three
characteristics of a tool, method, or object that makes them useful in joint problem solving at a
given knowledge boundary. A boundary object: 1) establishes a shared syntax or language for
individuals to represent their knowledge, 2) provides a concrete means for individuals to specify
and learn about their differences and dependencies across a given boundary, and 3) facilitates a
process where individuals can jointly transform their knowledge. Carlile (2004) points out that
depending of the type of boundary faced, boundary objects with different capacities are
required.

3. PE design case studies

The two cases in this study are from a research program that developed and tested a framework
for participatory design of workplaces in the period 2005-2008. The aim was to develop
methods and tools that can be applied by ergonomists and other workplace professionals to
stage direct participation in design and planning of new installations and production systems
(Binder & Brandt 2008, Broberg 2010, Seim & Broberg 2010). The authors were part of this
research program. In this retrospective analysis we will present a number of objects taking part
in the intervention and the context in which the objects were used.

The research program was based on intervention studies in two organizations: an industrial
manufacturer and a public administration office. The industrial manufacturer was to implement
a new production technology. Engineering designers, workers, management, and ergonomists
were involved. In the public administration three departments were merged, moving from cell
offices into an open plan office, and implementing new ways of working. Architects, workers,
management, human relations people and ergonomists were involved.

The interventions were aimed at facilitating a collaborative design process of the future work
and workplace. It was especially emphasized to develop and test methods making it easy for the
workers to articulate their concerns and wishes and to participate in design activities. The
interventions had the format of workshop series in which different interactive methods and tools
were applied: workbooks, layout design game, use scenarios, future workplace assessment,
photo safari, and the dream office. The researchers together with ergonomists and other
workplace professionals from the two organizations took the role as facilitators and workshop
leaders. Other researchers in the team evaluated the process of intervention and the outcomes of
the workshops. The data for the cases were collected over a 12-month period, and included
interviews and observations.

3.1 The intervention context

In the industrial manufacturer company we accomplished two workshop series each consisting
of two workshops. The first series focused on the layout of the production facility in which the
new technology was to be installed. The main object was a layout design game. As a warm-up
the workers were first doing a workbook session. The first workshop series was accomplished
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in a meeting room in the company. The second series took departure in the layout that resulted
from the first series and then focused on work processes and ergonomics when the new
technology was operated in the future layout. The main objects were a 1:20 scale model and
floor markings in the actual production hall. Both workshops in this second series were
accomplished in the production hall in which the new technology was to be installed.

In the public administration office a similar structure of workshop series was accomplished.
Here we will focus only on two objects: a photo safari, and the sketching of the dream office.

Both interventions were by all participants considered to be highly successful. The
workshops in the industrial manufacturer case resulted in a new design of the layout and a
detailed ergonomics specification list that was agreed by all involved actors. The public office
case resulted in workplace experiments that were implemented in the existing office facilities as
well as a detailed proposal for the layout of the new open space office.

4. Results

The five objects presented in the previous section were tested as tools in a kind of participatory
design process, which in the future could be guided by an ergonomist. The objects used in the
two cases had a function as boundary objects and they were by all parties considered as doing a
good job. The question is what characterizes these objects and their context of use.

The five objects and their context of use were analyzed using a grounded theory approach
(Corbin & Strauss 2008). The following eight characteristics emerged from this analysis.

1. The objects do not come ready-made. They need to be made by the actions of the
participants. They are objects-in-the-making. The workbook has no meaning before the workers
have drawn and commented on the pictures. The blank blueprint layout can not be understood
before the participants have furnished it with bricks representing machines, walls, equipment
and the like in a specific configuration. The use scenarios inherently are actions by the
participants. The photo safari forces the participants to think what pictures from a foreign
workplace are interesting and why it is so. A blank piece of paper has no meaning before a team
of workers has drawn their dream office.

2. The objects in the two cases have built-in affordances to make a design move or to
articulate what is good and what is bad design.

3. Some of the objects, the layout design game, the use scenarios and the dream office, are
flexible and malleable in a way that makes it possible to go into “rapid prototyping” with the
new workplace. In the layout design game, it is possible very quickly to explore “what if we
place the machines in this way?”. In the use scenario it is possible to illustrate and reflect upon
“how about doing the work sequence in this way?”. The capacity to quickly test different
configurations is in contrast to CAD drawings and computer simulations, which requires time
consuming programming or other actions with the software before an alternative can be
presented.

4. The boundary objects are surrounded by rules and instructions for their use, some with a
character of a game. The workbook: Use the red pen for problems, the green one for good
design. The layout design game: Manipulating with the bricks is on a turn-basis and we need a
short explanation when you move bricks. The use scenario: We are playing specific sequences
of work in the new production system. We look for ergonomics in the control room. We want
all participants to involve in reflections. The photo safari: You are supposed to take pictures of
things you like or dislike, of designs related to how citizens are met in the office etc.

5. A facilitator of the events selected the boundary objects, developed the rules and
instructions, and guided the workshops in which the objects were used.

6. The boundary objects are used in discrete events, i.e. workshops and guided by a
facilitator that have developed the rules and instructions. This set up establishes a temporary
learning space in the organization. The guidance and rules and instructions, to some extent,
help this temporary space to dissolve the daily organizational structures, roles, and politics that
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participants are embedded in. The set up enables and promote a collaborative design process.
All participants are set in “design mode” and not “negotiating mode” based on daily conflicts of
interests. The objects become boundary objects in a learning process between different
communities of practice (Wenger 2000).

7. The location of the boundary object needs attention. The layout design game played out in
the company’s meeting room in the administration building. This is a surrounding that is very
familiar to design engineers and managers. For the workers it was to play away. In contrast, the
use scenarios took place in the production hall. The workers were playing at home and the
design engineers were playing away. The location issue goes further to a general consideration
if the use of boundary objects can be embedded in the workplace and work practices that are to
be redesigned.

8. The boundary objects become themselves an output from participatory events. They
articulate a piece of design that has been materialized and then can be circulated in the
organization, including the ongoing design process. When all participants agree on the new
layout or a compromise has been reached it is directly to see at the game board. Bricks are
frozen at the game board in a specific configuration. Such materialized outcomes from
participatory events may better support that the results are taken into the further design process.
They may even have a political character in the ongoing design process. Workers can physically
point to the ‘frozen’ boundary object and present it to other actors in the organization
(Henderson 1999).

The findings of this analysis are summarized in Table 1.

Table 1
Conceptualization of boundary objects in participatory ergonomics design processes

Attribute Characteristics

The boundary object Object-in-the-making
Built-in affordances

Flexible and malleable

The context of use Facilitator stages and guides
Rules and instructions
Temporary learning space

Location of workshops

End product Materialized outcome

5. Conclusion

We have identified eight characteristics of boundary objects and their use that make them
particular useful in PE design processes. The point is that these characteristics go beyond the
object itself and hence point to a framework of boundary objects in a PE design process as
indicated in Table 1.

This study has demonstrated that it is useful to address boundary objects in PE processes.
Especially, this is true for PE processes in which a new workplace and work organization is
designed. The selection of objects as boundary objects in PE processes is of great importance
because different objects enable workers participation and collaborative design differently. The
framework may serve to better understand the role of boundary objects in PE processes and to
give some criteria for practitioners and intervention researchers for the selection of objects to
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facilitate a PE process. The framework tentatively suggests a rough categorization of objects in
PE processes that corresponds with Boujut & Blanco’s (2003) notion of closed and open
objects. In the one end we have “passive” (closed) objects and in the other end “active” (open)
objects understood as objects-in-the-making during a PE process.

The framework emphasizes the need not to focus solely on the boundary object per se but
also include the context of its usage and its capacity to sustain and circulate the outcomes of PE
design events, e.g. in a larger overall design process. Finally, the role of ergonomists in PE
processes as the ones who initiate and guide the process is not new (Haines et al. 2002) but it
may be new to reflect upon the selection of boundary objects using the framework in Table 1 in
the planning of PE schemes.
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Human Factors Management Principles

Rich, Karl James

Lloyd’s Register, Human Engineering Limited
Karl.rich@humaneng.co.uk

Optimising operator performance requires a management strategy that
integrates human factors with existing policies, processes and procedures.
Application of human factors methods has been less successful when
applied to operational systems, possibly because in an operational
environment human factors are managed by a large number of functional
areas within an organization and are not recognized as “human factors”.
This may make an integrated approach to operator performance difficult.
This paper describes human factors management principles that would
align with typical operational or performance-based functional areas
within an organisation’s management plan and ensure human
performance was addressed.

1. Introduction
The application of human factors principles enhances safety, improves the performance of people

and increases their productivity. By improving the usability of equipment and systems the risk of
human error will be reduced to as low as reasonably practicable (ALARP) and operating costs will
be lowered. But how is this achieved in operational systems?

Addressing human factors is an integral and vital step in the development and management of
safe systems. Achieving this requires a management strategy that integrates human factors with its
existing policies, processes and procedures. Human factors integration (HFI) evolved as a discipline
in response to systemic failures to address the human element in the design lifecycle of major
projects. The method has achieved some considerable success in this arena but has perhaps been
less successful when applied to operational systems.

This is possibly because human factors are managed in an operational environment by a large
number of functional areas within an organization and are not recognized as “human factors”
because they are called something else i.e. asset management, health and safety, human resources
etc. For human factors professionals this can be seen as a major hurdle when trying to introduce
changes which could improve operator and system performance. Resistance can be encountered
from other disciplines who (sometimes quite rightly), see human factors professionals as interlopers
or trespassers on “their patch”.
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In order to overcome this it becomes imperative that if human factors principles are to be
adopted, they must assume the guise of the host organisation’s “language”, processes and
procedures.

2. Human factors management principles

The following sections offer some top-level principles that could be included in an organisation’s
management plan that would align with typical operational or performance-based functional areas
and ensure that human performance was addressed. If nothing else, the list will prompt discussion
and thought about the effective management of people within complex organizations.

2.1 Manpower
Operators and maintainers should not be exposed to an unacceptable level of workload (either

through overload or underload). Periodic monitoring of staff numbers ensures that the operation can
continue to be operated / maintained successfully during all modes of operation:

e The number of staff available for each mode of operation should be sufficient to
operate or maintain a safe and reliable system at all times.

2.2 Personnel
This is concerned with the skills, characteristics and competencies people need to have to operate /

maintain the system:

e The skills and abilities of the user population should always be sufficient to achieve
optimum system performance.

e The physical (such as body size and strength) and cognitive attributes of the user
population should be sufficient to achieve optimum system performance.

2.3 Training
Have the users and maintainers been trained to the level required? Are training records up to date

and regularly audited?

e A training specification should be defined that outlines the appropriate competencies
and knowledge requirements to operate / maintain the current system successfully in all
modes of operation.

e Training options should be evaluated to ensure that they are sufficient for the system
users to carry out the tasks associated with their responsibilities successfully —in all
modes of operation.

e Regular user assessments should be carried out to ensure that users maintain an
appropriate level of knowledge of the system and that this knowledge is effectively
applied.

e Training records should be audited regularly to ensure that operators and maintainers
are trained sufficiently for their job roles and responsibilities.
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2.4 The workplace & environment
It is imperative that personnel can use and maintain the system effectively. Requirements for the

interfaces to equipment and equipment design should have been considered in terms of the physical
and cognitive capabilities required of the operators and maintainers. The workspace and
workstations should be compliant with the relevant human factors standards and guidelines.

e Regular assessments should be carried out to ensure that the working environment is
optimal for the users.

e Tasks should be allocated according to user capabilities, in terms of quantity, timing
and skills required.

2.5 System safety
Does the system present safety risks when working under emergency, degraded, abnormal, or

normal conditions? All potential safety risks from human behaviour should be identified,
eliminated, or mitigated to as low as reasonably practicable (ALARP).

e Assurance should be provided that all potential safety risks have been eliminated or
controlled to ALARP for all modes of operation.

e Any reported safety incidents should be logged and assessed regarding their
seriousness, probability of occurrence, and possible mitigation measures.

e Operators’ and maintainers’ performance should be assessed regularly.

o Periodic assessment of operational, maintenance and other procedures should be
conducted to ensure that the methods of operation and maintenance remain valid,
effective and safe.

2.6 Health hazards
There is a need to identify and manage the risks that an operator / maintainer may be exposed to

from hazards. Operation or maintenance of the system may create short term or long term health
risks. Operators and maintainers may require personal protective equipment.

e Regular assessments should be carried out to ensure that any potential health hazards
are identified and dealt with.

e The workspace of each staff member should be assessed for compliance with applicable
health and safety regulations.

2.7 Monitoring developments
Consultation with staff members may help identify and address any people-related issues as and

when they arise. It may be helpful to an organisation to identify useful data sources from its own or
other industries for utilisation / application in its current operations. Monitoring people-related
standards and legislation will help to identify any changes in law or to good working practices to
ensure that they are addressed in a suitable and timely manner.
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e Management staff should be trained to be able to recognise and address potential
people-related issues emerging in the workforce.

e Regular discussions should be held between the management and those staff who
interact with the system on a day-to-day basis, to identify the emergence of any people-
related issues that need to be dealt with.

e Any emerging people-related issues should be logged and reported to the appropriate
manager. Where issues are considered to be of concern, an action plan should be drawn
up and implemented.

o Safety and performance data should be monitored regularly.

o People-related standards, regulations, and other relevant legislation should be
monitored to identify any items that affect the system in the short, medium and long
term. Any changes to these data sources should be assessed for their potential impact
on the business. The impact of the changes should be recorded and plans should be
made to manage them.

e Staff responsible for managing the ongoing safety and performance of the system
should regularly monitor people-related information from their own and other
industries. Emerging trends with regard to people-related risks should be assessed as
applicable to the system.

e Any people-related issues or mitigation strategies that appear to be of relevance to the
organisation should be discussed and evaluated by the management team. If the issues
are considered to be of concern an action plan should be drawn up to control those
issues (involving consultation with technical specialists if necessary).

3. Summary: Management of the inter-relationship of risk factors
All the principles described above should form part of an overall system that manages the inter-

relationship of all people-related and organisational risk factors. It is possible to summarise the
interdependence of these factors as shown in Figure 1 below.
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Figure 1. The inter-relationship of risk factors
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The diagram shows how a safety management system should address the quality of the following
aspects:

e The definition of the tasks to be performed by people.

e The systems of support to task performance (e.g. operating procedures and the usability
of interfaces).

e The control of workplace hazards, and the hazards inherent in the assets being worked
on.

e The specification of competency requirements and the training of staff.

e The management of workload such that the manpower level matches all foreseeable
operational demands.

e The design of job roles and responsibilities includes safety management responsibilities
for the tasks to be performed.

Where all of these principles are addressed the circle is complete and operational (and behavioural)
integrity can be assured.
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Infrastructures for Production Ergonomics: a Metaphor
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Chalmers University of Technology, Goteborg, Sweden
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This paper suggests that the metaphor of a ““traffic system” be used to facilitate
discussions of production ergonomics with non-ergonomists. A parallel
objective is to summarize a body of research work dedicated to corporate
ergonomics evaluation and proactive work in companies. Some of the research
has been based in Swedish or Canadian manufacturing corporations.

Successful handling of production ergonomics in a company has many
parallels to how a traffic system works: it must be designed for efficiency and
safety, but unless the “infrastructure” is complete, ergonomics may still face
“roadblocks’™ no matter how sophisticated the ““vehicles’ (tools and methods)
are.

1. Introduction

The aim of this paper is to suggest a useful “conversational metaphor” to ergonomics
practitioners, in order to facilitate discussions about production ergonomics with non-
ergonomists. Production-based enterprises are often highly complex human-technology systems
with several parallel goals that are driven by several different actors. The possible variations
from company to company (and country to country) can make it rather complicated to discuss
the problems of proactive production ergonomics with people who are not familiar with 1) the
consequences of poor ergonomics or 2) discussing ergonomics problems from a systems
viewpoint.

By comparing the different aspects of corporate ergonomics to traffic infrastructures,
which exist in and are unique to almost every country, the complexity of the discussion is
mitigated with a metaphor that is complex enough yet familiar enough for most people to relate
to. The metaphor is meant as an explanation and discussion aid, rather than a research
framework. The paper will illustrate some aspects of the metaphor using examples from the
author’s body of ergonomics research. Part of the research has been based on cases from
Swedish or Canadian manufacturing corporations.

2. The traffic system metaphor

The handling of production ergonomics in a company (in this case, with focus on the
manufacturing sector) has many parallels to how a traffic system works. An ergonomics-related
actor may or may not be someone who “drives” the ergonomics agenda. The tools, methods and
other persuasive arguments they use can be regarded as their “vehicle” to reach their work-
related goals. In cases where several different actors pursue other goals in parallel with
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ergonomics (such as by Participatory Ergonomics, Wilson and Haines, 1997; or using multi-
aspect simulation tools such as SIMTER, Lind et al. 2008), their actions could be described as
“car-pooling” their efforts. Depending on the way the company is organized geographically,
hierarchically and in whatever ways it allows interaction between the actors, the “infrastructure”
provided by the company may present ergonomics goals with both “freeways” and
“roadblocks”. A “traffic light” function may be in place to alert the company of danger or
transgressions — this may be represented in real life in the form of corporate-internal criteria for
unacceptable ergonomics, or even a worker’s union that draws attention to unacceptable
conditions. “Policing” functions may be present in the form of insurance institutions, workplace
health ministries or other inspection instances. Local laws and regulations (national laws,
corporate standards) place further limitations on the activities in the system.

From a proactive point of view, the most important parallel is that both systems need to
be designed and maintained in such a way that injury, accidents and long-term risks are
prevented and minimized. This implies that an implementation of an ergonomics initiative or
tool is not enough — proactive ergonomics requires that all parts and actors of the system can
support each other’s end goals.

2.1 “Vehicle” development

There are a number of ways for ergonomics-related actors to pursue an ergonomics agenda in a
corporate setting. The methods, tools, software and procedures in general can be compared to
“vehicles” that allow them to reach their goal. Furthermore, there are parallels to how some
actors are the sole users of their “vehicles” and act independently of other actors with other
goals, or if the company has devised ways for them to use common tools and work methods to
work on reaching their goals together. Even a bus metaphor would work in such cases, where
the compromise of sharing the vehicle may mean that goals may only be “almost” reached.

The author has participated in research that could be metaphorically comparable to pure
“vehicle development” - a literature review (Berlin and Kajaks, in press), which listed concepts
for time-related evaluations of physical loading. This was a theoretical contribution to how
DHM tools could be developed further and become a more powerful tool for proactive
ergonomics work. However, the research pointed out in the discussion that “(...) different actors
in a production design process may not just have different objectives with time manipulation,
but may also have different propensities for using DHM tools and thus express varying degrees
of interest in additional developments of time-related tools in software.” (Berlin and Kajaks, in
press). Using the analogies of the metaphor — drivers may not be interested in a particular type
of “vehicle”, unless they think it can get them to their goal.

One example of “carpooling” (i.e. how several development aspects can be combined into
one workflow) is the development of the SIMTER tool (Lind et al., 2008; Lind et al., 2009;
Berlin et al., 2009a), a computer simulation tool allowing for simultaneous assessment of three
consequences of production layout: Levels of automation (the choice of whether man or
machine performs a task), Ergonomics impact on workers, and Environmental impact (the last
two aspects are dependent on how much is done by man or machine respectively). This tool was
intended chiefly for joint decision support.
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2.2 “Traffic lights” — rules and regulations

A case study at a Swedish automobile manufacturer (Berlin et al., 2009b) can illustrate how the
“vehicles and drivers” may be tightly coupled to the established criteria levels for acceptable
ergonomics, or “traffic lights”. In this case, the studied company decided to exchange their
highly-specified, internally developed method for workstation ergonomics evaluation and
replace it with a more generically formulated national standard (the Swedish legal provision
AFS 1998:1). The study found that when used on the same series of workstations, there were
significant differences in how they were judged as being ergonomically acceptable (green), in
need of more investigation (yellow), or unacceptable (red). The national standard method rated
more severely than the previous method. However, interpretation of the new results was
ambiguous because the criteria levels for acceptability had shifted.

2.3 Drivers — different actors with different goals
The above example (Berlin et al., 2009b) also reflects a situation where the importance of
“drivers” comes into play. Along with the change of ergonomics evaluation criteria came
another major change - instead of having evaluations carried out by production personnel, the
responsibility was transferred to two Occupational Health and Safety (OHS) ergonomists,
whose interpretation of the yellow level (in need of more investigation) was more severe. Berlin
et al. (2009b) also mention how the end goals of the production personnel negatively affected
their willingness to report ‘red’ issues in production; something which did not apply for the
ergonomists. This is a good example of how conflicting objectives of different drivers can affect
their attitude towards upholding the criteria for acceptability.

Two ongoing studies by the author (based on semi-structured interviews with Canadian
industrial engineers and ergonomists about their working roles and practices) suggest that even
when focus is purely on the actors/”drivers”, the complexity is rich. The first study is a
qualitative comparison of the individual interviews with 19 industrial engineers (Mekitiak,
2009) and 21 ergonomists (Theberge and Neumann, in press) from different sectors, where
focus is on their ergonomics-related “problem ownership” in the organization they work in.
Preliminary results suggest (among other things) that having standards and guidelines is
important, that a union presence may have a great ‘policing’ influence on ergonomics, and that
“goal hooking” (Theberge and Neumann, in press), in the sense of co-operating with other
specialized actors, is an important strategy to see an ergonomics agenda through.

The other study further explores the collaborative patterns and strategies of ergonomics-
related actors in production companies in four different sectors (Nuclear, Food, Auto parts and
Automobile). This series of interviews was also conducted in Canada, in 2009. In each company,
a semi-structured interview was carried out first with the person locally responsible for
ergonomics, and using a ‘snowballing’ recruitment strategy, further interviews were carried out
with colleagues to the ergonomics agent. The aim was to investigate how the actors’ different
objectives affected each other and what strategies were used specifically for proactive
ergonomics. Preliminary results suggest that the “culture of ergonomics awareness” varies from
sector to sector and affects the possibility of working proactively and using proactive tools and
methods, such as simulation. Analysis has yet to be completed for these last two studies.
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3. Discussion and Conclusions
As stated at the beginning, the purpose of the traffic system/infrastructure metaphor is to offer a
way for ergonomics practitioners to discuss various aspects of production ergonomics with
people with no ergonomics background — the comparison is useful because pre-existing
familiarity with traffic systems (and the ways they may vary) makes understanding more
accessible, while at the same time the overall complexity of the issue is not lost. In the author’s
previous experience, comparison with traffic systems successfully conveys the following
notions:
e Corporate production ergonomics involves a large number of actors with different goals;
o Itis complex;
e It varies from company to company in a similar way to how traffic regulations and
infrastructure vary from country to country;
e A number of functions (infrastructure) need to be in place for the system to run
successfully, efficiently and safely;
e Itis seldom that one aspect can be discussed without touching upon other “infrastructure
components”, and
o If some aspects are well-developed when others are not (such as having great “vehicles”
but poor “road infrastructure”), the system as a whole cannot live up to its full potential.
This also explains why improvements on ergonomics tools or implementation of methods
cannot guarantee success on their own — they need to be met with parallel improvements
of collaboration, communication and awareness.

For proactive work with ergonomics, this metaphor illustrates that an improvement on just one
aspect of the “ergonomics infrastructure” may not be enough to produce or sustain the desired
effect. The metaphor can be summed up thus: For an ergonomics actor in a company, no matter
how powerful their vehicle is, they will not get to the desired goal faster, safer or more
effectively unless the company has also provided good “ergonomics infrastructure”.
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Tornstrom, Linda and Engstrom, Diana
OKG AB
linda.tornstrom@okg.eon.se

Safety culture is an integrated part in everyday work within the nuclear industry. But
how the work proceeds to strengthen the safety awareness by everyone involved in the
work differs. The aim of this paper is to describe an action plan for safety culture, used

to strategically work with safety in a nuclear power plant in Sweden.

1. Background

It is often argued that about 70-80 percent of all accidents are caused by human errors or unsafe
acts. That is one very important reason to continuously work with safety culture. It is argued a
lot of what is essential for a positive or strong safety culture and it could be viewed in different
angels as occupational safety, nuclear safety etc (Fernandez-Muniz et al., 2007, Reiman and
Oedewald, 2009). Since the 1990s OKG has worked on improving the safety culture. In the
beginning the work consisted mostly of a questionnaire on yearly basis to look for changes and
to discover any areas to improve. Since 2004 the company has adapted a long-term programme,
referred as the action plan for safety culture at OKG.

2. Action plan for safety culture

The performance of systematic safety culture activities is one way of working strategically with
safety. The action plan for safety culture at OKG depicts how the company will attain a
strengthened safety culture, see figure 1. The programme is based on three fundamental
principles: long-term basis, continuity and a systematic approach.

Continuously evaluations 1

Specific efforts Safety culture questionnaire
Cross group seminairs Safety culture interviews
Safety culture education Meta analysis
‘ Questionnaire workshop I '
Workshop

top management level

Figure 1. The approach of the action plan for safety culture at OKG.
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The long-term basis is essential since it is not possible to change a culture in a week’s time.
Changes in the safety culture of a company require time and must be carried out step-by-step.
Making plans for the future makes the work visual and easier to communicate within the
organisation. Continuity is very important since too many new ideas and methods might cause
confusion in the organization. It is important to make the work logic and hold activities focused
on the one with greatest importance.

The systematic approach causes the work with safety culture to be considered logical and the
sequence of work is recognized and the approach predicts that the work develops and yearly
reviews to make continuous improvements. The long-term basis, the continuity and the
systematic approach create the prerequisites for a work process where the safety culture slowly
but surely is improved over time. The activities incorporated in the action plan for safety culture
at OKG consist of both continuously repeated activities as well as of specific activities to make
improvements in Safety Culture.

2.1 Analysis in the safety culture programme

A quantitative survey, a questionnaire, is carried out to all employees as well as long-term
contractors (for three month or more). The result of the whole survey is presented to all at OKG,
with start for the top management group. The middle management will be given the results from
their own groups in order to carry out workshops with their co-workers. The total compilation
of the results from the workshops will be communicated in the cross-group seminars.

A qualitative interview investigation is carried out and the result is presented in a report. The
report and its result as well as the planning of the specific efforts will be communicated to the
whole organization through the cross-group seminars.

A meta-analysis is carried out in order to give a more modulated picture of the safety culture
situation at OKG. The meta-analysis is based on actual occurrences, implemented
investigations, points of view collected during seminars and workshops, LERs and other
material that is tangent to Safety Culture. The ambition with the analysis is to create a
comprehensive picture of the safety culture at OKG. The result of the meta-analysis is
communicated at workshops with the senior management, seminars with middle management as
well as during cross-group seminars with all employees and partners. On the basis of the meta-
analysis measures to improve the safety culture are taken.

2.2 General and specific efforts for a strengthened safety culture

On a yearly basis efforts are made to strengthen the safety culture at OKG. With basis from
analysis different efforts are developed. These efforts have either a general or a more specific
content.

The aim of the general efforts is to enhance the understanding of every individual’s possibility
to influence safety and, in more general terms, to reinstate safety issues on the personal agenda
of everybody. The general efforts might consist of general Safety Culture education, workshops
and cross-group seminars.

Any indications of deficiencies and weaknesses must be taken care of through specific efforts.
These efforts will be adjusted to the nature of the deficiency or weakness and its organizational
origin. Such efforts could be special courses, training, education, seminars, coaching and the
like specified for a specific workgroup, level in the company etc.

2.2.1 General activities in the safety culture programme

The general activities within the programme follow a systematic approach in a long-term
approach. Each activity will fulfil an aim to contribute to the whole programme.
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The aim of cross-group seminars is that all participants meet during half a day and conduct a
seminar together, in a pre-designed manner, concerning safety culture. The current situation
regarding the safety culture of the company is communicated. It is based, among others, on the
result from the safety culture surveys. Focus during the cross-group seminars is on:
- Creating an understanding of each other’s work situation.
- Creating awareness of how our actions influence safety and of the responsibility
each and everyone has.
- How we manage our risks with the aid of quality systems, instructions, routines,
check lists, but also how laws and regulations influence our activities.
- The impact of the management on safety and safety culture.
- Our own image of the safety culture of the company.

Regularly safety culture workshops are conducted with the top management. The aim of these
is, based on evidence compiled by internal expertise on safety culture and human factors
(MTO), to discuss safety at OKG from a wider angle. It is essential that the top management are
well informed about the current situation due to Safety Culture and also have knowledge about
how all within the organisation experience the Safety Culture. The result of the top management
workshops is communicated to the organization.

In order to heighten the knowledge and understanding of all personnel at OKG of their own
role, everybody participate in Safety Culture training courses. Themes of training are “Man as
Safety Factor” and “The Organization as Safety Factor”, human performance tools etc.
Managers and project leaders will also participate in a training course of safety management.

All recently employed receive a basic safety culture training course. The aim is to give all new
personnel a summing up of highlights from all safety culture education and activities as well as
a presentation of how we work with safety culture and MTO in the company.

A continuously increased communication about safety culture provides the organization with
clear, consistent and unanimous information. This contributes to strengthening the trust of the
organisation in the safety culture activities and thus increases the success of the result.
Information about the ongoing OKG safety culture activities is given diversified and redundant
among the internal information channels of OKG.

2.2.2 Specific activities in the safety culture programme

Specific activities are always tailored to meet the specific deficiencies and weaknesses and in
view of which group it will be made for. In some cases we can deal with the situation with
competence within the organisation and sometimes we use external experts. These efforts could
consists of special courses, seminars, coaching and be a one time effort or activities running for
a long time.

2.3 How to run the programme

Within the work to strengthen the safety culture all employees are involved and the management
are important as both role models as well as communicating expectations on behaviour.

A department at OKG responsible for human and organisational issues runs the action plan for
safety culture at OKG.

To carry out general activities like cross-group seminars and function as supporters in
specific activities a number of part-time Safety Culture-Ambassadors is connected to
the department. The ambassadors are well spread over the organisation and at all levels.
They are continuously specially trained in safety culture, organizational theory, group dynamics
and moderating skill etc.
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One safety culture council assisted and support the department and also anchor the safety
culture work in the organisation. The governing body secures that the work with the action plan
is carried out in a long-term, continuous and systematic manner. In order to secure the
continuous development of the safety culture programme, a yearly follow-up is carried out of
the plan of action and the work methodology.

External partners of co-operation are available to OKG in order to support, on a long-term basis,
the continuity and stringency of the OKG action plan for safety culture. The external partners’
role is to add practical and theoretical competence.
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Theideafor this study came from observations of daily work when consulting
organizations. Work is interrupted, many tasks are undertaken simultaneously, some
tasks are suspended, co-workers for different tasks may change due to various reasons,
and the customer is always in need of something. The aim of this study was to understand
changing work using new concepts, asking: What will be the factors and chain of
antecedents before interruptions in knowledge work, constructed on the basis of
informant reports? Grounded theory and open-ended interviews were the main methods
used for obtaining and analysing data. (Kallioméaki-L evanto 2009)

1. Introduction

Changing daily work was structured using concept interruption. Some cumulated knowledge of
this exists: the consequences of interruption are wasted time and problems in cognitive
processing.

"Ancther person, abject, or event creates an interruption, the timing of which is beyond a
decision maker’ s control. Furthermore, an interruption breaks a decision maker’ s attention on a
primary task and forces the decision maker to turn his or her attention toward the interruption—
if only temporarily." (Speier et al., 2003) Results from the experimental study show that
interrupted work environments lead to lower-quality decisions and reduced speed in complex
intellective tasks (Speier et al., 2003).

The experimental study showed that interruptions slow down complex task performance.
According to the study, the resulting task re-orientation after the interruption was responsible
for performance degradation (Burmistrov and L eonova 2003).

Results from a controlled experiment (N = 50) measuring the effects of interruption on
task completion time and error rate, showed that when peripheral tasks interrupt the execution
of primary tasks, users require from 3% to 27% more time to compl ete the tasks, and commit
twice the number of errors (Bailey and K onstan 2006).

Watson-Manheim et al. (2003) structured the changing organizational environment
using concept discontinuity. Along with change, discontinuities in performing work activities,
and in the nature of the work itsalf increased. The increased presence and pervasiveness of
discontinuities in the work environment offer a basic explanation for the problematic nature of
many new kinds of work. Discontinuities can arise in factors such asthe location of workers,
where and how work is accomplished, or as the basis for relationships between workers and
organizations, and between organizations themselves. Discontinuities in *virtual’ work
environments are:

* Physical location,

» Temporal location

» Work group membership

* Organizational affiliation

* Relationship with an organization (e.g., permanent vs. self-employed or temporary worker)
* Culture (functional, organizational, regional, national)

Watson-Manheim et al. (2003) use the concept of discontinuity, meaning a break or gap
in alogical sequence or pattern. Many of the changes are related because they involve some
kind of discontinuity in peoples’ work lives. Thereislittle knowledge, however, of antecedent
factors creating interruptions and gaps in the flow of work.
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2. Methodology for nascent theory

Thetopic chosen had little or no previous theory. The methodology for nascent theory is the
most suitablefor studying a phenomenon that is not well understood. This means iterative
processing of empirical and theoretical work, and reorientation in the analysis and the process.
We used the abductive model of reasoning throughout the study. Grounded theory (GT) and
open-ended interviews were the main methods used for obtaining and analysing data for the
nascent theory (Glaser and Strauss 1967). Analysis according to GT is based on constant
comparison when devel oping categories from the data. The material consists of 660 pages of
transcripted text from the interviews of 21 informants. The participant organization produced
innovative technological solutions for industrial use. The preliminary research question focused
ontime at work, but reorientation soon followed. The emerging categories seemed connected to
interruptions, which suspended the flow of work.

3. Research question and analysis

What will be the factors and chain of antecedents before interruptions and gaps in knowledge
work, constructed on the basis of informant reports? A chain of antecedents were devel oped
according to GT. The chains were compared in order to elicit their common connecting theme,
and this theme was then named, thus formulating the subcategory. Next we compared the
subcategories, and named a further abstract category. Finally, the core category, connecting all
categories, was named.

4. Results

Theresult — the substantial theory — was presented as theoretical reasoning by using both the
core category and other categories. The core category, which connected different antecedent
events beforeinterruptions, was ‘ poor availability of knowledge for the work at a hand’.
Knowledgefor the work at hand means: 1) Poor availability of expert knowledge, 2) Changing
needs of customers, and difficulty in mediating customer information, and 3) Poor availability
of exact knowledge of product solutions. We hypothesized that these three dimensions cause
interruptions and gaps in the flow of work through several chains of events. Thefocus in this
paper is on the *poor availability of expert knowledge for the work at hand’. This means three
different chains of events before interruption (figure 1):

1) Members of workgroups change

2) Members of projects change, and

3) Temporary employment
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Figure 1. Work does not flow as planned
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4.1 Members of work groups change
Thefirst phase of changein the organization consisted of the fusion of many different
organizations, forming one entity. After fusion, human resources and know-how were
reorganized. Experts were placed in a'pool’, i.e. agroup for projects or other time limited and
changing work groups. Only a few product groups with stable membership were | eft, which was
also the case before fusion. When moved from the pool into the project, experts might not have
the exact needed knowledge; they may have to ask questions (by e-mail, faceto face or phone),
and these questions are directed at an experienced co-worker. The questions came as an extra
task to his’her time-limited primary tasks. From the perspective of an experienced co-worker,
you cannot anticipate when the task (the question) will arise, and what kind of task it will be.
The question and task of the customer came unexpectedly, and with no background
information for the expert involved in the project who was placed in the pool. The expert was
not ableto prepare for the task, which meant that again, he had to ask an experienced co-worker.
The projects and tasks for the experts in the pool changed. Experts rarely carried out
challenging tasks of the same subject matter, so they had no opportunities to develop their
expertise. This increased the need to ask an experienced co-worker for information and
methods.

4.2 Members of projects change

The decision of the project’s starting schedule depends, among other things, on changesin
clients finances and their operative environment. As the starting time was not exactly clear,
experts could not be allocated beforehand. When the project started, the expert may have been
involved in other tasks.

When the needed expertise was not available, an inexperienced employee had to carry on
without reasonable advice, and the probability of questions and mistakes increased. The effects
of amistake could reach all the way to the product, and could later cause unplanned extra work
for the other expert engineers e.g. asreconstruction.

4.3 Temporary employment

In the organization, temporary external consultants (newcomer) were used for clearly outlined
planning tasks. After project was completed, external consultants who had become familiar with
the work were outsourced. For the next project it was not sure that you can get the same familiar
expert. When a temporarily employed newcomer was unfamiliar, it was possibleto carry out
only the minimum orientation. Moreover, the person in charge of the project did not know the
working methods of the newcomer. Thus the plan had to be examined carefully, as mistakes
could occur anywhere. Often, not enough time was allocated for checking. If there was a lot of
checking before the deadline, the cognitive load peak grew for the person in charge, and
mistakes could be missed.

Asthe newcomer did not know beforehand the planning devices or operative
environment, this could cause the person in charge a great deal of unexpected monitoring, in
addition to his’her planned work.

At the beginning of the project, there were many open questions and situations were
unstable. The newcomers often cameinto the project during unstable situations at the beginning,
which meant a great deal of asking and supervising. The possibility of mistakesincreased
because there was no timeto supervise and guide everyone at the beginning, and also because
the working methods of the newcomers were unfamiliar.

At the beginning of the project, basic facts were often inexact, which external consultants
were not used to, and the possibility of mistakes increased.

The strategy of the organization was modified from planning single components to
planning unique products responding to clients' needs in a shorter time. Because of the
shortening of the schedule of the project, a certain period of the project was carried out using
many workers. The need for guidance and supervision of the many new expertsinvolved in the
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project was not taken into account. The possibility of unexpected mistakes increased, and the
products that clients received might be of poor quality.

5. Discussion of results

All three chains of events caused 'poor availability of expert knowledge for the work at hand'.
They also referred to the structure and planning of human resources and are similar to the
factors which Watson-Manheim et al. (2003) found in their theoretical review: The more co-
workers changed, the more questions and interruptions.

Interrupted work cannot flow as planned, causing the need for extra work and effort, or
additional working hours, in order to reach a goal — factors which all decrease well-being.

Results revealed that the antecedent to interruption was not merely one single factor, but
the whole organizational system. Interruptions are small, unexpected, and constantly changing
when considered individually, but together they create a huge entity, which eats up time.

A singleinterruption cannot be presented to management as the basis for designing better
work conditions or improved organization of work. The challenge for management is to
organize continuity in the organization in order to prevent interruptions, e.g. permanent
employment, and stable work groups through membership.
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Development of an Ultrasound Machine for the Emergency Department - A
usability study of the user and the usage

Ekman, Karin
Design & Human Factors, Department of Product and Production Development
Chalmers University of Technology

The main task for the personnel at the Emergency Department is to provide accurate and fast
assessments of patients’ injuries and illness in order to provide the proper healthcare that is
needed. The user should easily and quickly be able to use the available equipment without
having to doubt if it is used in the correct manner. In the acute situations, that often occur in
the Emergency Department, the time factor is a critical issue and minutes can be the
difference between life and death for the patient. Therefore extra time cannot be spent on
fiddling and scanning for right input devices. It is therefore important that the equipment used
in the Emergency Department do not hinder physicians in performing the task of providing an
accurate and safe healthcare. Equipment that is experienced to be complex and difficult to use
is the ultrasound machine. As a consequence it is common that labels are used to ease the
usage of the machine, since they offer extra guidance how to operate the machine. Or the
machine is not used at all and an important source of information is lost. From a human-
machine perspective this is not an optimal solution and an indication of a poor usability. Due
to the poor usability the ultrasound machines available in the Emergency Departments are
today often not used in the extent they could.

The problem is solved by using a user centred perspective on the development process of the
machine and investigate what the user actually needs to be able to do in the setting of the
Emergency Department. The goal is to identify the needs, wishes and demands posed and
examine how the machine should be designed from a usability perspective to meet these
requirements. To achieve the goal physicians working at the emergency department where
interviewed and participated in different usability test. The outcome of the interviews and
usability test were analysed from ergonomic theory and the gathered result was the foundation
for the concept generation work.

The final concept presented consist of a battery powered main unit consisting of a touch
screen, eight buttons, a large handle, transducer holder and a cable hook. The machine only
contains the functionality that is needed in the Emergency Department and all fine-tuning
elements have been removed. The important functions are placed in a way that they easily can
be scanned by the user. The interface has also been stripped down to the bare essentials.
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New Teachers and their Meeting with the Boundaryless Work
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In my thesis | ask the question, how new and more flexible organizational structures of
schools affect school teachers' working conditions. The concept of boundaryless work is
used as theoretical framework to describe the moving, dilution or removal of boundaries
in a working environment, which follows from change in the organizational structures.
Focus is on the newly qualified teachers and how they perceive and handle the meeting
with the boundaryless work. The thesis is based on a case study of a modern elementary
school, which has extensively implemented new and flexible organizational structures in
the form of especially autonomous teams and flexible scheduling. | found my method on
the hermeneutic theory of science, and the empirical data is based on method
triangulation. Through my study | find that teachers' work is characterized by
boundarylessness in several dimensions. The schools external boundaries are more
blurry, because the external actors in the form of parents and politicians exert an
influence on the schools activities. Technological communication opportunities erode the
boundaries of when and where work will take place, while at the same time there are no
clear targets for the teachers' work. Team organizing creates blurred boundaries between
tasks, roles and responsibilities, while the variety of tasks, teachers must handle, also are
extended.

The change in boundaries at work means that it is more up to the individual to find and
mark the boundaries, and for the newly qualified teacher this individual marking of
boundaries is extra challenging. It is especially difficult for them to find the limits of
work performance, when neither time nor place sets limits, while the goal is
simultaneously unclear. The reason for high vulnerability in newly qualified teachers' in
the boundaryless work is given by a combination of professional uncertainty,
inexperience and a subjective boundlessness. Teamwork is on the one hand a key driving
force behind the boundaryless work, but at the same time closeness in teamwork also
offers an opportunity for collective marking of boundaries. In this way the team defends
the newly qualified teachers against some of the vulnerabilities, they face in the meeting
with the boundaryless work.
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Visual problems related to the use of laptops in High School after a normal
schoolday 2010
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Buskerud university college, Department of optometry and visual science

1. Introduction:

The purpose of this study was to map visual problems related to the use of laptops in High
School during a normal schoolday. We wanted to see if there were any changes during the
day.

2. Methods:

A questionnaire was answered by 80 students, three days, at the beginning and the end of a
schoolday. The data was collected by the use of Questback and analyzed in Excel and SPSS
17.0.

3. Results:

71,4 % of the students get exhausted of using the laptops over a long period of time, and 40,1
% have difficulties changing from distance to near and the other way around. The three most
common symptoms are eyefatigue, pain in the neck and headache.

4. Conclusion:

The students have few symptoms related to the use of laptops. You can not say with certainty
that the symptoms related to laptops increases throughout the day or later in the week. Pain in
the neck was the only symptom that had a significant difference throughout the day. The guys
have less symptoms related to laptops compared to the girls. Those who use a form of
optometric correction, have less symptoms.
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