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Abstract. The aim of a series of sessions on Company Case Studies, is to learn from practical experiences, to give feed back to
researchers on applicability of theories, methods and techniques, and last but not least, to market ergonomics. In order to learn
from case material, reports need to be easy accessible and well structured. System ergonomics provides such a structure.
Usually a project is not done twice, i.e. with and without ergonomics. Therefore, it is not possible to make comparisons and
determine the impact of ergonomics directly. A different approach is needed. It has been suggested at the IEA2006 World
Congress, to compile a database of published case studies, each case to be reported in a fixed report format and critically re-
viewed to enable generalizing the outcomes. This paper proposes such a format. At the IEA2012 World Congress 40 case stud-
ies have been accepted, representing applied ergonomics cases in manufacturing, process industries, aviation and logistic sys-

tems.
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1. Marketing ergonomics

Ergonomics is described as fitting tasks, work-
places and interfaces, to the capacities, needs and
limitations of human beings. The aim of ergonomics
is to optimize safety, health, comfort, and efficiency
for the human in the work system. The tools which
are used and the production systems which are con-
trolled, are numerous and varied. Due to a variety of
tools and differences between users, favorable hu-
man-task matches will not arise as a matter of course.
Hence, designing human-machine systems is a com-
plex task [5], characterized by the need for an inter-
disciplinary approach.

A succinct definition of ergonomics is user-
centered design or user-centered engineering, ex-
pressing a focus on the human being, at the same
time emphasizing prevention by design. This defini-
tion also covers other frequently used words, such as
human factors engineering (HFE), design for all, or
participatory ergonomics. Here, ergonomics will be
used as an overall term.

Unsafe, unhealthy, uncomfortable or inefficient
work situations can be avoided by taking into ac-
count the limitations of human beings during design.
Ergonomics contributes to the prevention of incon-
veniences and, to a considerable degree, improves
system performance in terms of an increased produc-
tivity: good ergonomics is good economics [13]. Dul

and Neumann [1,2] assume that most ergonomics
research and consultancy deals with the well-being
goal of ergonomics, i.e. occupational safety and
health. In many countries this will be closely linked
to legislation. Hence, companies may experience
ergonomics as extrinsic and therefore will not spon-
taneously start ergonomic initiatives. Dul suggests to
link ergonomics to business strategies and goals,
such as:

— reduce costs and increase productivity;

— maximize the use of valuable, rare, and costly
human resources;

— design products for (easy) manufacturing;

— integrate ergonomics into production engineer-
ing;

— corporate communication; i.e. ergonomically
designed products and/or the company's corpo-
rate social responsibility.

After many years, working as a professional ergo-
nomist, the author concludes that the value of ergo-
nomics is beyond health and safety. Marketing ergo-
nomics implies a focus on business performance and
investment projects: the design, redesign, or exten-
sion of production systems. It is then by definition
that ergonomists are not the only profession involved.
Projects are run by teams of engineers, managers,
and in some cases human factors engineers.
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2. Applied ergonomics

Ergonomists, i.e. registered professionals, partici-
pating in projects need to know something about
medical sciences, biomechanics, cognitive sciences,
behavioral sciences, and industrial design. He/she
also needs a background in one or several engineer-
ing sciences. Because this combination is almost im-
possible to achieve, the professional ergonomist re-
lies heavily on methodology, in particular for analy-
ses, design and engineering, i.e. the process of sys-
tems design.

According to de Looze and Pikaar [4], there is a
gap between HF science and HF practice. For exam-
ple, scientists develop reliable but time consuming
task analysis methods, while industry (the project
owner) expects quick answers. Another example
concerns task allocation and job design: do the ergo-
nomists really have efficient techniques to predict
work load and to design jobs? It appears we still are
on the level of debating terminology (task versus
function allocation).

The problem of acceptance by industry, and the is-
sue of a gap between research and practice can be
solved by showing achievements. Best practices have
been developed in the field. Cost benefit balances are
available. As a consequence there is a need to get
access to case material, other than formal scientific
publications, because in general, journals do not ac-
cept case studies.

3. Systems ergonomics

A systems ergonomics approach can be realized
successfully in practice, provided ergonomists adapt
to the company’s strategy and standard engineering
procedures. One of the first and well documented
projects, using this approach has been the Exxon
FLEXICOKER Consolidated Central Control Room
project [8, 10]. The project scope included job design,
local work organization design, and an extensive user
participation program. The schematic of figure 1 has
been a scientific product of this industrial project. It
emphasizes the integration of technical and organiza-
tional design, as suggested by Singletons Ergonomics
in System Design [12]. The ergonomic phases, prob-
lem definition, situation analysis and task allocation,
could successfully be related to major industrial en-
gineering phases, i.e. Design Basis, Design Specifi-
cation, and Detailed Engineering and construction
(Pikaar [6]).
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Figure 1. Systems ergonomics approach.

The systems ergonomics approach has been the
basis for many successful projects. However, the
presentation can be improved:

— Task allocation steps are difficult to substantiate
because there is little guidance (theory) on this
topic. Task allocation is difficult to explain to
engineers and project managers. Usually, job
design is not associated with ergonomics.

— In practice, one will experience a difficulty to
explain why so much time has to spend on a task
analysis of an existing situation, while working
on a "new" project.

— Apparently, figure 1 stipulates that the largest
part of the ergonomics work is done before the
actual workplace design is even started. This is
not in line with the general expectations.

Though the systems ergonomics approach didn't
change over several decades, the presentation did.
One could say that the marketing of the ergonomic
contributions to projects has changed. In order to
illustrate this, figure 2 shows a generalized overview

-
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of project phases. Terminology may differ, depend-
ing on culture, country, and type of industry or or-
ganization. Figure 3 gives a recent overview of the
presentation of ergonomic engineering steps. Some
changes made to the original schematic of figure 1
are:

— The term engineering or Human Factors Engi-
neering is now frequently used.

— The general project phases and the ergonomic
engineering steps are presented in two parallel
flows. Related to each project phase, a typical
ergonomic input or activity (step) is specified. In
case the ergonomic input starts several project
phases later then indicated in the schematics,
still every ergonomic engineering step has to be
taken, preferably catching up with the main pro-
ject phasing, as fast as possible.

— Phase 3 and 4, respectively Step 3 and 4, are a
condensed version of the Allocation Phase; typi-
cal ergonomics terminology (such as allocation)
to be avoided in real projects.

— In many cases, the ergonomics contribution
ended before or after detailed design (now Phase
5/ step 5). This step has been expanded by guid-
ing the realization steps construction, commis-
sioning and evaluation.

4. Ergonomics engineering steps
4.1. Step 1. Feasibility

The feasibility step typically includes a review of
project owners’ human factors assumptions. There
may be assumptions regarding work load, level of
automation, capabilities of operators, and so on. For
the HFE it is important to be aware of such assump-
tions, and if needed, give feed-back on a general lev-
el. For example one could temper a too optimistic
view on the number of operators needed.

4.2. Step 2. Problem definition

This step starts with a general description of the
project and the purpose of the system to be designed.
The outline of the design steps have to be negotiated
with project management, including design con-
straints.

General project procedure in industries

Phase 1 - Feasibility study or pre-project

= Type of production processes,

level of automation, feasibility Result:
manpower estimates go / no go

l

Phase 2 - Clarification or project definition

- Functional goals,
- requirements, Result:
- constraints basis for design

!

Phase 3 - Functional analysis

system analysis (comparable situation)
- system performance, experiences
- analysis of new plant (target system)
goals, performance requirements Result:
analysis document

Phase 4 - Functional design
Design conceptualisation

production equipment specification
= production control design
- instrumentation specification Result:

design specification

Phase & - Design proposal — detailed design

- Detailed production plant design
- workarea layout, workplace layout,
environmental conditioning equipment,
- controls and displays Result:
detailed design
drawings and documents

Phase 6 — Construction

- Civil construction, electric and
electronic systems and facilities,
- utilities and accessories Result:
completed production
system drawings and documents

|

Phase 7 — Commissioning & start-up

- Check progress and quality
Acceptance tests
- including training and manuals

|

Phase 8 - Operational feedback

Result:

- Project after-care
resolve operational problems Result:
operational system

Figure 2. Generalized project phases.
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Ergonomic engineering steps

Step 1 - Feasibility

- Review human factor assumptions

l

Step 2 - Problem definition

- Structuring ergonomics input

|

- Situation analysis (current situation);

- system description, task analysis

- Functional analysis (future situation);

- basis of design, system tasks, various
design solutions, first task allocation

|

Step 4 - Functional design

Step 3 — Analysis

- Identify interaction tasks

- Renew task allocation

- Select one design solution

- Initial functions and work organisation

l

Step 5 — Detailed engineering

- Elaborate functional design into:
information presentation, workplaces,
working methods, functions and work
organisation

Step 6 - Implementation

- Implement ergonomic features in
system design
- Support contractors

|

Step 7 — Commissioning

- Ergonomic review

Step 8 - Evaluation

- Support users and evaluate system
operation

Figure 3. Human Factors Engineering Steps.

4.3. Step 3. Situation analysis

The aim of the situation analysis is to gain insight
in existing and future tasks. A situation analysis in-
cludes activities such as:

— collect formal documents, specifying the exist-

ing system;

— analyze the existing situation by observations
and interviews about work tasks, problems the
users experience, and wishes they might have
for the new situation;

— gather relevant knowledge on the new system
(the system to be designed).

Ergonomists have many tools available for an
analysis, as can be found in textbooks on methodol-
ogy. A careful selection has to be made. Within a
project, there is only a need for detailed knowledge
on tasks and topics relevant to the project. For exam-
ple, there is no need assess manual lifting situations
in a logistics department, if a project concerns full
mechanization of packaging.

4.4. Step 4. Functional design specification

In theory, the functional design specification is
about the allocation of system tasks. An allocation
procedure includes a discussion on the level of auto-
mation, job requirements, and the design of a local
work organization. Following, a program of func-
tional design requirements has to be drafted, includ-
ing amongst others:

— the allocation of tasks to workplaces;

— the lay out of a system;

— shape and size of workstations (including

equipment);

— environmental requirements (noise reduction,

lighting levels).

4.5. Step 5. Detailed design/engineering

On the basis of a set of functional design require-
ments, various design solutions can be developed.
Choices have to be made, which implies weighing all
aspects involved, including ergonomics. Basic deci-
sions regarding the detailed engineering may be
based on 3D-drawings, mock-up evaluations, or pro-

totyping.
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4.6. Step 6. Implementation

During the construction phase the production sys-
tem is being build. Typically, this will start with the
production of workshop drawings and building-site
drawings. For example, from an ergonomic point of
view assistance in making workshop drawings for
dedicated furniture, may be required. An example to
illustrate the relevance of a HFE contribution can be
found in dedicated operator consoles. During the
earlier steps, a 3 meter wide console may have been
developed with two supporting legs, one on either
side. The workshop engineer decides that an addi-
tional leg will be needed and locates this leg exactly
in the middle of the console. This happens to be the
central work position of the operator, thus reducing
his leg room. This type of “errors” can be avoided, if
the HFE reviews the construction drawings.

4.7. Step 7. Commissioning

Once the system is finished, formal hand over
(commissioning) of a working (and tested) system to
the project owner will be organized. Typically, an
ergonomist could be involved in the review of all
workplace and interaction oriented parts of a system.

4.8. Step 8. Evaluation

Ideally, an evaluation of the running system, for
example resulting in operational feed-back on design,
engineering and management of the project should be
organized. This is not common procedure in industry,
The project owner does not hire the ergonomists after
the project, to do an evaluation study.

5. Case studies

Pikaar reported 12 ergonomics projects [in 6, 7
and 9]. For all these projects the system ergonomics
process steps as presented above, were used to struc-
ture the reports. Summarizing, the following items
have been included in each case study report. The
same approach and listing can also be found in the
case book Enhancing Industrial Performance by
Kragt [3].

e Overall project scope

e type of industry or organization

e short description of the project (example:
building a waste incineration plant)

e investment in the overall project

e realization period

e general overview of project organization
(management, engineering contractors, con-
sultants)

o Structuring HFE in the project
e position and responsibility of HFE within

the project organization

e hours by HFE and/or made under full re-
sponsibility of HFE

e % of the project investment influenced di-
rectly by ergonomics

e type and extent of user participation

e Ergonomic topics; main topics elaborated within
the project.

e has the main emphasis been on: job design,
workplace design, interaction design? For
this item a list of topics could be prescribed;
example of items: job, workplace, interac-
tion, manual handling, graphics, anthro-
pometrics.

e number of different jobs involved

e number of different workplaces involved?

e procedural: role of other disciplines (archi-
tect, engineering), responsibilities, man-
agement of user input, and so on.

¢ Project phases - Ergonomic engineering steps
e project phases that included ergonomics (re-

fer to figure 2)

e ergonomic engineering steps (1 — 8) carried
out (refer to figure 3), and to what extent.

e techniques applied for each of the ergo-
nomic engineering steps.

e Lessons learnt
e projects’ motive to hire HFE
e did HFE live up to the expectations
e typical results, i.e. a summary of expected

and unexpected outcomes of the HFE con-
tribution to the project

o cost/benefit: has it been worthwhile to in-
clude ergonomics.

e lessons learnt on the level of the project.

e lessons learnt regarding ergonomic methods
and techniques.

On a general level, the following conclusions from

the reported case studies, stand out clearly.

e Once a project manager has had the pleasure of
working with a HFE, he will do so in every new
project. After several years, management usu-
ally does not remember the results, but "the de-
sign process": ergonomics had tools to tackle
human factors issues effectively.
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e The cases show that professional ergonomics is
not about an additional effort or higher project
costs, probably on the contrary.

o Stick to the system ergonomics approach includ-
ing a thorough situation analysis, because it
works well and is understood by the engineering
community. If the project owner is not con-
vinced of the use of an analysis, you may con-
sider doing the analysis for your own risk, be-
cause it will pay out later, anyhow.

e The ergonomics community should compile an
overview of cases and examples indicating the
benefits of a HFE involvement. The same may
be suggested regarding user participation.

e Job load assessment, task allocation/job design,
and work organization design is considered hu-
man factors/ergonomics. In this area useful and
validated design tools are missing and could be
developed by the ergonomics community.

6. Company case studies

At the IEA2012 Congress, the idea has been
launched to include special sessions on case studies,
i.e. sessions on applied ergonomics projects. A total
of 59 abstracts has been submitted. After review 40
papers met the criteria to be accepted as a company
case study. The criteria included: a systems ergonom-
ics approach, an actual human factors intervention
and/or design contribution, and feed back on results
of the project as well as the methods used. Approxi-
mately half of the contributions came from South
American countries. Typically, these contributions
emphasize the systematic analysis of work tasks and
work situations and usually carefully suggest some
workplace or organizational improvements. Probably,
employers or companies are not yet ready to accept
on a large scale the human factors interventions.
However, the number of well structured and high
quality workplace analyses is encouraging.

There are 15 contributions from Europe, USA and
other western countries, amongst others related to
manufacturing, aviation, automotive and health care.
Several other cases concern heavy (steel) industry,
for example in India. These contributions usually
include: 1) HF interventions on a project basis, and
2) tools to manage and effectuate systematic human
factors programs in (very) large companies. Whether,
these HF programs really are successful on a project
base, remains yet unclear. Nevertheless, several high
quality case studies could be included in the

IEA2012 Congress proceedings (refer to the Refer-
ences section).

7. Discussion

Shorrock and Chung [11] argue in the Ergonomist,
there is a gap between HF scientific research and
practitioners. It can also be noted that the number of
published case studies is limited. Journals do not eas-
ily accept case study papers. Case studies may be
(written) below the journals’ scientific standard, and/
or human factors professionals do not spend much
time writing about their work and results. However,
there is a need to publish about the application of
theory, principles, data and methods to design.

It is suggested that the ergonomics community es-
tablishes a database of systematically reviewed cases,
indicating costs and benefits of a HF involvement in
projects. The best advertisement is delivering a good
project, making the end users and the project owner
happy with the results. The IEA2012 sessions on
Company Case Studies represent a step forward in
convincing management of organizations to include
ergonomics/human factors in design and engineering
projects.

Case presentations should be structured by system
ergonomics process steps. An important feature of a
published case study should be, that the project or
system has actually been build and is in operation.
Another important feature of a published case, should
be a feed-back of practitioner to HF scientist regard-
ing the applicability of theories and methods.

Considering that professional ergonomists have to
report projects to fulfill the requirements for registra-
tion, case material may be easily available. Also
looking at web-sites of (major) HFE firms, indeed
case material is available, however not in a structured
way. Finally assuming that HFE professionals and
consultancy firms can only afford to spend a limited
amount of time on publishing case studies, a database
requirement will be, that case reports should be easy
to enter and highly structured. Hence, what the ergo-
nomics community needs, will be a virtual location to
compile a database, amongst others to be usable for
marketing purposes. In the authors view, the IEA
could host a Wikipedia-like system to compile data
on case studies. Some strict rules should be devel-
oped regarding the format of case reports, as well as
for moderating the system.
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Finally, the author encourages the IEA triennial
congress organizers to develop the concept of Com-
pany Case Sessions at the congress further.
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