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Abstract

Ergonomics sometimes has a negative connotation as it is seen to be connected to
illness or guidelines that limit innovations. This paper is focused on the positive aspects
of ergonomics in improvement of the working environment. It consists of a part that
studies the literature on success factors in the process towards higher productivity and
greater comfort, the formulation of a model and a hypothesis, which is illustrated by four
cases.

The model distinguishes the success factors in “goal’, ‘involvement” and
‘process’. Goals: evidence is found in the literature that a positive approach has benefits
in terms of shareholder value and productivity, and for comfort. Involvement: the
literature shows that participation of end-users and management contributes to success.
Process: in the process it is essential to have a good inventory of the problems, a
structured approach, a steering group responsible for the guidance, and end-users
involvement in testing of ideas and prototypes.

It is hypothesized that the chance of success increases by empowerment (making
the end-user responsible for deciding on the next step in the process) and positive
experiences of end-users with the potential improvement (end-users feel or see the
benefits). The four cases illustrate that the hypothesis can be used in evaluating cases.
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1. Good ergonomics is good economics

In the view of a part of the public, ergonomics is coupled to illness, complaints or
guidelines, which could have a negative connotation. One example is the introduction of
a guideline for office chairs in the Netherlands. This guideline (NPR1813) prescribes
exactly the adjustability ranges of the different parts of a chair based on the variation in
anthropometrics in the Netherlands. Several designers, manufacturers and dealers
complain that innovation is now restricted, because there is so much prescribed in detail
(Office Forum, 2005). Another example is the discussion among 20 experts on future
themes in manufacturing ergonomics (Vink and Stahre, 2005). One of the conclusions of
this forum was that it is better to focus on health than on illness. Of course sometimes
studies on risks can be helpful as well as ergonomic guidelines (e.g. ISO 9241-5:1998).
However, stressing what is not allowed or prescribing certain formats is not motivating
and limits innovativeness.

Another approach is to stress that system performance and health could be
improved by applying ergonomics. This focus on health and overall system performance
can also be found in the definition of the International Ergonomics Association (see
http://www.iea.cc/ergonomics): Ergonomics (or human factors) is the scientific discipline
concerned with the understanding of interactions among humans and other elements of a
system, and the profession that applies theory, principles, data and methods to design in
order to optimize human well-being and overall system performance.

The goal of this paper is to support ergonomists in applying the more positive
approach to improve overall system performance. Hendrick (2001) also described several
examples of positive effects of ergonomics and states ‘good ergonomics is good
economics’. Among a large diversity of positive effects of applying ergonomics,
productivity and comfort are described in the literature. Positive effects of ergonomics
are described in terms of higher productivity in manufacturing (e.g. Rosecrance, 2005;
Looze et al., 2005) or in office work (Hedge and Sakr, 2005; Bauer et al., 2003).
Productivity is in this case defined as described in the Cambridge Advanced Learner's
Dictionary 2005: It is the rate at which a company or country makes goods, judged in
connection with the number of people and the amount of materials necessary to produce
the goods. Other positive effects like increasing comfort and thereby well-being for the
end-users and sales for the manufacturer are also described (Eikhout et al., 2005; Vink,
2005). Comfort is defined as the convenience experienced by the end user during or just
after working with the product (Vink, 2005). In all of the six studies mentioned
(Rosecrance, 2005; Looze et al., 2005; Hedge and Sakr, 2005; Bauer et al., 2003; Eikhout
et al., 2005; Vink, 2005), it was possible to increase sales or productivity in combination
with better well-being or comfort. This should be interesting to more ergonomists and the
society. However, it is not easy to achieve these goals and for gaining these successes
more often, it is important to define the factors of importance to achieve this success. A
universally agreed list of success factors is still missing.



2. Aim of this paper

The aim of this paper is to find change process’ factors that are important to
achieve better comfort and higher productivity. Various studies have already been
published on success factors, but there is no universally agreed list of factors.

In this paper the available knowledge in the literature is discussed. Then four case studies
are used as an illustration, and studied in depth to find potential explanations and
additional success factors. The paper stresses the importance to pay attention to the
positive aspects of ergonomics during a process of design, with a focus on the end-result
of a design process. It is recommended to study this hypothesis further perhaps in a case
control study.

3. Available knowledge in literature

A large number of studies are focused on productivity and comfort (Vink, 2005).
Mostly, productivity and comfort are end results of a process in which end-users, experts
(e.g. ergonomists), management and other staff play a role. Regarding this role of
participants, some interesting visions from the literature regarding participation are
described first. Secondly, the factors regarding an ideal approach (what are success
factors) are described, as this is the aim of this paper. Finally, a hypothesis is made based
on the findings in the literature regarding the positive approach (focused on productivity
and comfort) and one or more of the success factors.

3.1 Participation in the process towards better comfort and productivity

The positive effects of participation have been demonstrated before and are also a
reason to pay attention to this topic. The European Foundation for the Improvement of
Living and Working Conditions (1999) reports that direct participation in production
organizations most often leads to quality improvements (90% of the cases), to reduction
of throughput times (60% of the cases), and to reduction of costs (60% of the cases). Also
comfort effects are described (Vink, 2005). However, these facts are merely estimations
from experts. Apart from these estimations also more quantitative effects are found
(Beevis and Slade, 2003; Koningsveld et al., 2005). Also, relationships between
participation on the one hand and productivity or comfort on the other hand are
described.

-Participation and productivity

The term “productivity’ entails many aspects. Recently Rhijn et al. (2005) described for
instance four effects of a participatory approach related to productivity. The number of
products per person per day was increased by 44%, the order lead time was reduced 46%,
the direct time (time of added-value activities) was increased by 18% and the required
workspace was reduced by 44%. These specific effects are not new, but the general
philosophy has proven its effect already in a study of 1999. In this study higher returns on
investments are produced by companies that place workers at the core of their strategies
than their industry peers. A study among 702 firms showed that better human resource



attention is associated with an increase in shareholder wealth of 40,000 Euro per
employee (Pfeffer and Veiga, 1999). The involvement of employees in a participatory
process is thus also essential from a business perspective.

-participation and comfort

There is debate in the literature about the concept of comfort (Vink, 2005). However, the
majority of the authors agree that comfort is of a subjective nature (Looze et al., 2003).
The comfort or discomfort in a working environment can therefore only be evaluated by
the user. An artifact in itself can never be comfortable. That is why much attention should
be paid to how a user should be involved in the design process. The end-user should be
involved, because he has unique insight into his task, work or activity. This involvement
of stakeholders like the end-users is addressed in “participatory ergonomics’ (Wilson and
Haines, 1997).

Participatory ergonomics is the discipline that studies how different parties should
be involved in a design process. Participatory ergonomics is the adaptation of the
environment to the human (that is ergonomics) together with the proper persons in
question (participants) (Vink, 2005). Defined in this way participatory ergonomics is
more an umbrella term under which different approaches are found. Kuorinka (1997)
describes “participatory ergonomics’ as ‘practical ergonomics with necessary actors in
problem solving’, which is close the previous definition. Wilson (1995) puts it into
another perspective: ‘It is the involvement of people in planning and controlling a
significant amount of their own work activities, with sufficient knowledge and power to
influence both processes and outcomes in order to achieve desirable goals’. Thus, Wilson
stresses the fact that the employee should have control over his task, emphasizing also
that participatory ergonomics is an umbrella concept. The common characteristic is that
during the design process attention is paid explicitly to the role of employees,
management, ergonomists and others involved. The difference in view is whether
employees should be empowered or consulted in a participatory process. Some authors
see the ideal participatory ergonomics approach as an approach where the employees are
empowered to design and change their work station (e.g. EKI6f et al., 2004; Wilson et al.,
1995). Others stress the consultation of end-users in a design process (e.g. Bronkhorst et
al., 2005; Kuorinka, 1997). Simplified, we could state that one process is guided by the
employees (they decide what will change) and the alternative approach is that the
ergonomists or management leads the project and decides on the changes to be
implemented. For both participatory ergonomics approaches well documented successes
and failures can be found in the literature.

3.2. Success factors in the process towards better comfort and productivity

‘Participatory ergonomics’ includes a large variety of approaches and an
interesting framework to classify the approaches has been developed by Haines et al.
(2002). Apart from the classification it is also interesting to know what factors influence
the chance of being successful. In various studies success factors were described (e.g.
Looze et al. 2001; Koningsveld et al., 2005; Vink et al., 2005). These are:

-arrange direct workers’ participation,
-arrange strong management support,



-carry out a good inventory,

-use a step-by-step approach,

-arrange that a steering group is established with responsibilities,

-check the effects, including side effects in an early stage,

-do not focus only on health issues, and

-describe the cost: benefit ratio, not only in money but also with non-quantitative
measures.

Direct
worker
participation

-good inventory
-step-by-step approach' | health
Strong -check the effects +
management | _steering group guides

support the process productivity
participation
of ...

Involvement Process J Goal

Fig. 1. Model to summarize the success factors described in the literature.

In figure 1 a summary of the success factors is shown. The first two factors
concern the involvement of the groups, the next four concern the approach or process and
the last two focus on the content or goal. The last two (‘not only health issues’ and
‘include cost-benefit ratios’) are connected to the topic of this paper: comfort and
productivity. Regarding the first two a comment has to be made. In several studies (e.g.
Haines et al., 2002; Jong and Vink, 2000; Vink and Kompier, 1997; Vink et al., 2005) it
is mentioned that for a successful project also attention has to be paid to the participation
of other stake holders, like ergonomists, facility management, occupational health
representatives, suppliers, designers, engineer. Therefore, in the model shown in figure 1
a box is added ‘participation of ...” indicating that it depends on the context and goal,
which additional participant should be involved.

Regarding the process four success factors are mentioned. The inventory at the
beginning is important to take the needs of the target groups into account and to find out
whether improvements are possible. The step-by-step approach gives a lucid holdfast and
structure to all participants. The structure also makes it possible to monitor the process
towards the end result (a more productive and comfortable working environment). The
steering group is needed to have a formal group responsible for the progress, which is
known by all participants and capable to decide on how to proceed. Checking the effects
in an early stage is useful to test feasibility of the innovations, keep the motivation for the
project and if needed to adjust the process or goal in an early phase.



Having said that involvement is important, it is interesting to know what kind of
experiences end-users have that make them positive about the process and the chance of
gaining the increase in productivity and comfort.

3.3. A hypothesis on the process towards better comfort and productivity

As is stated above, productivity and comfort are end-results of a process. So, a
part of its success is determined by the way the process is organized. However, another
part is determined by the artifact that is designed and by the experiences of the involved
parties. Uotilla et al. (2005) made a schema on how positive emotions could be connected
to the physical environment and activities (see fig.2). Based on an analysis of semi-
structured focus group interviews, they made a model for interpreting the relationship
between wow and flow and interaction. They distinguish between active participation in
an activity and passive experiences with a product. The wow-experience is more related
to a passive product perception and a flow experience is more related to active
participation. Wow could be described as a positive experience related to desire, surprise
and fascination (Desmet et al., 2005). Some studies even mention that this positive
experience increases sales (Gutman, 1982). Flow is an optimal experience or a positive
arousal level reached by being occupied by achieving your goal (Csikszentmihalyi,
1997).

Wow! Flow!
| A
: Passive Active .
Focus: Focus:
Product Perception participation Activity
| |
~ L

Fig. 2. The model of Uotila et al. (2005). The wow-experience is more related to a
passive product perception and a flow experience is more related to active participation.

If it is agreed that positive experiences play a role in design, positive passive
perceptions could be measured by making potential end-users looking at or using
prototypes. Positive emotions (like saying ‘wow’) elicited by a prototype could increase
the chance that the end-product is more appreciated. In designing working environments
the process of design could be more of importance. Following the model of Uotila et al.
(2005), this means that end-users that are more close to a flow during the process of
design, would appreciate the final working environment more. According to
Csikszentmihalyi (1997), a condition that increases the chance of flow is having the
possibility to being in control. Based on this philosophy a hypothesis could be
formulated: End-users are more enthusiastic about the new work environment if they are
empowered and have a positive experience during the (thus increasing the chance of
flow) in the process of design.



The hypothesis formulated is based on the situation that there is a design process
with participation of workers and management. The goal of the process is to arrive at a
more comfortable and productive working environment.
In this case the chance of success increases by empowerment (making the end-user
responsible for deciding on the next step in the process) and positive experiences with the
potential improvement of end-users (end-users feel or see the benefits).

4. Method

To check whether this hypothesis is useful in evaluating cases, four well-
described participatory ergonomics cases were evaluated with special attention for the
empowerment and positive experiences with potential improvements. From
approximately 100 participatory ergonomics cases available at TNO four were selected
based on the following selection criteria:

-the project should be documented regarding the approach and the results in such a way
that a distinction can be made in the role of the employees (empowerment or
consultation) and the effects,

-in all cases information should be available that the management supported the process,
-in an early stage an inventory had to be made of bottle necks in production and health or
comfort problems,

-a stepwise approach should be used,

-a steering group or other group leading the process should be defined,

-the effects should be studied in more then in one stage of the project,

-the project should concern a work environment improvement and an ergonomist should
be involved,

-data should be available on how end-users experienced ideas and prototypes of the
product,

-it should be focused on comfort and productivity,

-it should be published in the international literature, and

-two cases should be successful and two not.

The cases are described first, followed by a comparison and evaluation. It is expected that
both cases with empowerment should increase the chance of ‘flow’ be the more
successful cases and the cases with consultation the less successful ones. Another
expectation is that the cases with more positive experiences with precursors of the new
environment are also more successful.

5. Results and discussion

The selection of the cases appeared to be arbitrary, because for instance a
distinction could be made in the role of employees and information was available
regarding management support in many cases. Nevertheless, four cases were chosen that
were most documented ‘best’ regarding the selection criteria, because illustration of the
hypothesis is an essential part of this paper. The four cases chosen differed regarding the
success rate, but also regarding the dependency of other employees in the group. In two
cases individual employees could change their work station independent from other
workers and in two cases it was a group decision.



6.1 Case 1. Success case with individual decision possibilities at the office

In a study of Vink and Kompier (1997) a step-by-step approach to better work
was applied, aimed at reducing mental and physical workload in office work. This
approach was evaluated. The approach consisted of six steps including the definition of
the problem, selection of solutions and testing the solutions. After every step the workers
proposed how to continue and a steering group led by the management decided on this
proposal. The workers identified the problems, developed ideas for improvement, tested
improvements and chose them. Height-adjustable furniture was bought and
organizational measures were taken to reduce the mental load. Examples of
organizational measures were better appointments on earlier delivering information and
divide between work that has to be done before a certain date and work that can be
postponed (prioritizing). Finally, some workers were trained to encourage the
continuation of adjustments and train new employees on the ergonomically ideal work
station and work organization. As a result, most workplaces were adjusted and more than
half of the subjects took organizational measures (see table 1). The approach was
considered worthwhile, despite the fact that it is time consuming because it took about
one year to arrive at better working conditions. The discomfort was reduced especially in
the neck-shoulder region and the productivity was improved, especially by a more
transparent and efficient process.

Table 1. Percentage of employees having adjusted the work (n= 29), and percentage of
those employees with back or neck complaints (n= 18) that report a positive effect of
these adjustments on back and neck complaints (Vink and Kompier, 1997).

Workers with Workers reporting
adjustments (%) positive effects on
neck/back (%)

Chair height adjustment 73 67
Table height adjustment 83 67
VDU-screen position adjustment 69 50
Keyboard position adjustment 34 11
Addition of document holder 14 17
Addition of inclined desk 31 11
Agreements with other departments 48 28
Addition of telephone days 24 11
A new planning of activities 59 28
More varying work tasks 48 28

Setting priorities in work 100 28




6.2 case 2. Failure case with individual decision possibilities in installation work

In this case (Jong and Vink, 2000) an installation company aimed at reducing the
musculoskeletal discomfort and improving the efficiency in work. Employees were
stimulated to improve their work station. The design process consisted of six steps from
analysis of the problems to evaluation of the improvements. Brainstorm sessions were
organized with employees and experts. Employees, staff or external experts built the most
promising ideas. These were tested and if successful, implemented. A group led by the
communication department was responsible for the process. A book was made with
examples of the developed solutions (see fig. 3) describing the effect on productivity and
musculoskeletal loading. This book was made available on all sites of the company (app.
30) and employees were encouraged to develop new solutions. Employees received
freedom to make their improvements and were encouraged to develop more. Prizes were
given to the best innovations. After the project in total 198 devices were in use for 7,000
workers (3%). All devices contributed to a reduction in discomfort and increase in
productivity. The company considered the project successful, because the return of
investment was seen within a year. According to Rogers (1995) 2.5% of a group are
innovators and adopt an improvement anyway. Therefore, from a scientific point of view
this case can be seen as a failure.

L S e e WA s R e e == &
Fig. 3. Examples of improvements published in a book developed by end-users. Left: a
height adjustable mobile workbench reducing bending and giving a better view on the
work. Right: a transport system for cupboards with electronics preventing lifting and
carrying and making work possible with fewer workers.

In a company that produces electric razors in very large volumes (see fig. 4); an
experiment was performed to study the effect of workplace adjustment on the
productivity and the discomfort of the workers (Rhijn et al., 2005). In many work stations
in this company, just as in many other companies, the location of supply containers, from
which components have to be picked, was designed by software. However, experts
agreed that there is room for further improvement. A problem was that large numbers of



different components needed to be at hand simultaneously. This leads to frequent,
extended reaching and much arm elevation. Consequently, risks for shoulder discomfort
and pain could increase. It was decided to do an experiment, to see if it is possible to
lower the picking heights to comfortable levels. The approach was participatory as
experts together with management and employees defined the problem and the
improvement. The effects were measured and based on the results a decision was made
whether or not to change the work stations in what way. The management decided to
improve, to do the test and on the implementation.

Fig. 4. A workstation that is improved of case 3: assembly work

6.3 Case 3. Success case with group decision in assembly work

In a company that produces electric razors in very large volumes (see fig. 4); an
experiment was performed to study the effect of workplace adjustment on the
productivity and the discomfort of the workers (Rhijn et al., 2005). In many work stations
in this company, just as in many other companies, the location of supply containers, from
which components have to be picked, was designed by software. However, experts
agreed that there is room for further improvement. A problem was that large numbers of
different components needed to be at hand simultaneously. This leads to frequent,
extended reaching and much arm elevation. Consequently, risks for shoulder discomfort
and pain could increase. It was decided to do an experiment, to see if it is possible to
lower the picking heights to comfortable levels. The approach was participatory as
experts together with management and employees defined the problem and the
improvement. The effects were measured and based on the results a decision was made



whether or not to change the work stations in what way. The management decided to
improve, to do the test and on the implementation.

Table 2 shows a significant effect of workplace condition. In the low workplace
condition, the maximum acceptable work pace was significantly higher than in the high
workplace condition. The difference between the high and the low condition was 1.0
product per minute. This implies a difference in work pace of 10.6%. This was
accompanied by a reduction in discomfort. The project is defined as a success as the
management, engineers and employees decided to change the work stations.

Table 2 Maximum Acceptable Work Pace (MAWP) Expressed in Number of Products per
Minute and as the Average across Subjects Localized Musculoskeletal Discomfort (LMD)
in the Neck and Shoulders as Measured at the End of the Test (after 50 Minutes)

Condition Average MAWP (range) Average discomfort (sd)
Workplace high 9.4 (6.7-13.0) 1.1 (1.0)
Workplace low 10.4 (7.2-14.6) 0.4 (0.6)

6.4 Case 4. Failure case with group decision possibilities in construction work

Molen et al. (2005) studied in a randomized control trial the effect of a
participatory approach where bricklayers and assistant bricklayers are involved in
changing their work station. Ten bricklaying companies were randomly assigned either to
an intervention group which was subjected to the participatory approach (n=5) or to a
control group (n=5). The approach consisted of a consultant-supported six-step approach
in which different stakeholders from the company participated. In the steps, which
consumed six months, the bricklayers and assistants were informed about the risks of the
old way of working and on possibilities of improving the work and where to buy
products. The end-users were encouraged to test the products. Bricklayers and
bricklayers’ assistants in the intervention group (n=65) and the control group (n=53) were
followed for six months and their use of four ergonomic measures was compared. These
measures consisted of adjusting working height when picking up bricks (see fig. 5) and
mortar, adjusting working height for bricklaying at the wall side, mechanizing the
transport of bricks (see fig. 6) and mechanizing the transport of mortar. The use of
ergonomic measures was assessed by means of worksite observations and questionnaires
at baseline and after six months. A work group in the company was responsible for the
process and management decided.

The participatory ergonomics approach had no statistically significant effect on
the use of any of the four ergonomic measures either at group or at individual level. No
companies in the intervention group passed through all six steps.
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Fig. 5. Working with the bricks on Fig. 6. A system developed to mechanize
a shore reduces bending. the manual transport of bricks.

6.4 Comparison of the four cases

In table 3 a summary of some characteristics of the cases is shown. In all
situations a stepwise approach was chosen and management and ergonomists supported
the projects. In case 1 and 2 the employee participation could be typified as close to
empowered and in case 3 and 4 it was closer to consultation.

The main difference between the cases is the way employees are involved:
empowerment or consultation and the way employees experience the potential new work
environment. It was expected that both cases with empowerment and positive experience
with the end product would give the best results. The employees could become
enthusiastic about the improvement, because they are in control and experience the
positive effects before the end-result is implemented.

For the first case this positive effect is shown. In this case employees were
allowed to choose their own work station layout and influence the organization of work
(empowerment). Employees have learned to evaluate the improvements and are able to
choose and evaluate the consequence of changes in the workstation and organization. The
work and environment limit some possibilities, but the employees have enough control to
change the work. They tested various new ways of working and work stations and could
experience how it works. This positive experience could have played a role in the
success.

In the second case the effect of empowerment is less obvious. The employees
were empowered to change their work. They could buy or make new equipment, but they
had to be very creative to think of new solutions applicable for their specific tasks. Of
course they have examples of others, who developed improvements in other situations,
but transferring this to their own work environment is not easy. Probably because the lack
of support from ergonomists or designers, ideas seen in one work area (e.g. transporting
cupboards, see fig. 3) could not be transferred to another work area (e.g. transporting



central heating elements). Only 3% did really implement the improvements. As a result
the end-users didn’t experience positive effects of prototypes.

Table 3. Some characteristics of the four cases. + means that the factor could be
distinguished. ++ means that there was much explicit attention for this factor. Light grey
is involvement of stakeholders, dark grey concerns the process characteristics (see fig. 1)
Case 1 office 2 Installation 3 assembly 4 bricklaying

Project focus Discomfortand  |Productivity and [Productivity and |Physical workload
work organization [physical workload [discomfort

-table 3 around here-

In the third case the workers were not empowered, but are asked to test various
improvements in the assembly line. In this case employees are interdependent, because a
groups works in one assembly line. Some employees were involved in the process of
gathering the first ideas and they experienced effects in an early phase of the process.
They experienced the effects of reducing reaching distances in mixed reality
environments. All employees were involved in comparing the new design of the line
compared with the old situation. They were asked to complete a questionnaire on local



postural discomfort. In this way they were made aware of the differences between the old
and the possible new situation. They experienced the difference. The case is successful
too. So, probably some forms of consulting employees in combination with positive
experience also have there positive effects.

In the fourth case, which has been described recently (Molen et al., 2005),
employees are not empowered. The management of the company had to find possibilities
to test improvements. Even the management was partly empowered. The management
was dependent of the contractors whether or not to use mechanical transport systems or
scaffoldings that reduce the bending of the back. Only in a very few situations
improvements could be tested partly and employees could hardly experience differences
between old and new. For instance, sometimes the crane could not be used, because the
main contractor had no crane or needed the crane himself. The project was not successful
in terms of productivity and comfort increase.

These four examples show that the theory has opportunities to typify differences
between projects and explain differences in success. The four cases also show that
empowerment is not the key to success in all situations. Sometimes employees do not
have enough knowledge (case 2) and sometimes employees do not have enough influence
to change their work situation (case 3 and 4).

The consequence of experiencing the effects is that employees feel that they are in
control. This fact that success is easier achieved if employees experience control and are
actively involved has been described before. Norberg (2005) states that “It’s not just the
money that makes high-earners happier than low-earners—more important is their way of
life—being active, being creative, and experiencing control of your life. Other research
also tells us that optimism works: ‘People who think that they are in control of their lives
go on to be more successful than others’ (Fredrickson, 1998). So, if employees
experience control and are optimistic about the feasibility, this could be an important
factor in why a participatory ergonomics project is successful.

Another explanation could be that experiencing differences between alternatives is
important. In this way participants understand why the improvement is better and
convincing is not needed. It’s not only that employees experience the difference and learn
why one situation is better than the other. In many ergonomic design projects, an optimum
has to be found. In designing a work station along an assembly line under load and overload
could be hazardous. Under load is not beneficial for the company (unproductive) and the
worker (no challenge). Overload could have the consequence of stress and musculoskeletal
injuries (worker), which leads to mistakes in the production work and drop out of workers
(see fig. 7). The challenge for the future is to get the ‘situation in production lines’ in the
lowest part of the curve (Vink and Stahre, 2005).

This can be applied to working height as well. There is an optimum working
height where the work can be performed best regarding comfort and productivity. In fact
in most ergonomic situations an optimum has to be found and in most situations the
theory is not developed well enough to predict the ideal working height and experiments
are needed to find the optimum. Ideally, these experiments are performed at the work
place with the employees. Thereby, the employees will experience control,
perceive/experience the differences and understand the reason for change.



) physical underload physical overload
risks boredom stress

current situation
in production lines

load

Fig. 7. To increase performance of the company employees should work at the optimum
between overload and under load (Vink and Stahre, 2005)

6.5 Reflection

There is no doubt that a selection of four cases is too small to draw conclusions.
However, the factors ‘strong management support’, “making a good inventory’, ‘using a
stepwise approach’, ‘having group steering the process’, ‘study the effects’ and
ergonomists support’ are also described in various other studies (e.g. Haines et al, 2002;
Looze et al., 2001; Koningsveld et al., 2005). The conclusion could be drawn that
‘experiencing the effects of the improvement’ and ‘empowerment of employees’ are two
important additional factors. However, the importance is still unknown. Furthermore, the
factors do not exclude themselves. It could be that in a project where employees are
empowered employees have more possibilities to experience the effects and experience
control as well.

7. Conclusion

It was the aim of this paper to convince ergonomists to focus more on the positive
side of ergonomics. In this paper the positive aspects increasing comfort and productivity



are highlighted. Many success factors are described in the literature leading to better
comfort and higher productivity, but there is no universally agreed list of factors. A
model is made (see fig. 1) which classifies the success factors in ‘involvement’, ‘process’
and ‘goal’ of the ergonomics project. Regarding involvement many studies agree that
active participation of end-users and management contributes to success. Regarding
‘process’ a good inventory of the problems, a structured step-by-step approach, a steering
group and good check of the effects are success factors.

Based on the above mentioned findings and theories of Uatila et al. (2005) and
(Csikszentmihalyi, 1997) it is hypothesized that the chance of success increases by
empowerment (making the end-user responsible for deciding on the next step in the
process) and if end-users have positive experiences with the potential improvement (end-
users feel or see the benefits). Especially, the last part of the hypotheses is supported by a
selection of four cases.

Based on the evaluation of four cases and some theory it can be concluded that
the hypothesis is useful for evaluating cases. The hypothesis stimulates awareness
regarding end-users experiencing control, optimism about the feasibility and feeling
differences between alternatives. Studying the optimum between alternatives is also
needed because ergonomics often strives for the optimum situation. If these alternatives
are studied in an experiment where end-users or employees experience the differences
this could be favorable and the chance of higher comfort and better productivity
increases. This is also closely related to the feeling of having control. “People who think
that they are in control go on to be more successful than others”

Another advantage of studying the optimum before introducing the improvement
is that knowledge is increased. If ergonomists share the findings of these projects
regarding optimal work environments it would also contribute to the knowledge increase
in the field of ergonomics.
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