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Abstract. It is widely recognised that ergonomists must contribute during needs analysis. However, few studies have 
investigated the specific contributions of ergonomists at this stage of the design process. In this study, this contribution is 
studied through the requirement document produced by the design team. For each requirement, the  source (i.e. who 
formulated the requirement), justification (why the requirement is needed), type (functional, interaction, operational, physical, 
organizational), and scope (entire system or part thereof) were analysed. Results indicate that the various actors are 
complementary and work collectively to define the various dimensions of the system. With end-users, the ergonomist worked 
on the global aspects of the system: function, conditions of use and organizational dimension. Alone, he defined the global 
interaction of the system. The various functions derived from the global function were defined in collaboration with engineers. 
However, while engineers contributed to defining how these functions would work, as well as their technical conditions of use, 
the ergonomist focused on their purpose, and, with end-users, on their organizational aspects. Finally, results suggest that 
neither the ergonomist's specific knowledge in ergonomics, nor work analysis were sufficient to derive his requirements; both 
are mandatory. 
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1. Strengthening the integration of ergonomics in 
the needs analysis process 

Avoiding the considerable cost of late alterations 
is a key challenge in the design of computer-based 
systems [12, 25]. This is the reason why there is a 
growing interest in the industry to adopt a user-cen-
tered approach starting from the earliest phases of the 
design process, especially in the process of needs 
analysis.  

Such is the case at EDF, the main provider of elec-
tricity in France. In this company, any change of 
computer-based systems belonging to the nuclear 
park must be designed and assessed in terms of its 
impact on the activity of the workers involved. The 
contribution of ergonomics to needs analysis was 

studied in the design of an industrial computer-based 
system intended for use by control room operators. 
The system, called Operating Aid for Sensitives 
Transients (OAST) aims to enhance the reliability 
and to speed up manual operations in the “sensitive 
transients” phase of the reactor. 

Although there are standards that help involve er-
gonomics in computer systems design for nuclear 
industry (e.g., [17, 23]), the contribution of ergo-
nomics remains poorly understood, generally reduced 
to defining the color and the size of the interface. 
Accordingly, the added value of an ergonomic work 
analysis is not always seen by system designers, and 
its results remain most often underexploited [13, 20]. 
The ergonomist is identified as a partner, but his or 
her concrete contribution to the design process is not 
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clearly identified. Some authors have investigated 
how ergonomists may be involved in the formulation 
of requirements [19, 27]. But these studies mostly 
deal with the social dimension of requirements, fo-
cusing on how they are accepted by the various 
stakeholders. They do not address the crucial issue of 
specific role of ergonomists in needs analysis. 

Yet, ergonomics plays a vital role in the analysis 
of users’ needs. Needs analysis is an essential step in 
a design project. It refers to a process ranging from 
the identification of user needs to the definition of 
system requirements and specifications [22]. Thus, it 
determines both the course of the project and the arti-
fact itself (e.g, [5, 8, 16]). Three fields display some 
focus on needs analysis: product design, systems 
engineering and ergonomics. Product design has a 
long tradition of needs analysis, more often called 
“value analysis” and “functional analysis” [28]. Sys-
tems engineering has developed processes and meth-
ods within a global framework named “requirement 
engineering” [2]. Ergonomics is by nature the user-
centered science of design. But, whereas systems 
engineering or product design can do without ergo-
nomics to design and produce an artifact, the oppo-
site is not true: ergonomics is always closely depend-
ent on other disciplines.   

Moreover, project managers must plan and choose 
between the various sources of expertise needed in 
the design process. Thus, they must know the scope 
of ergonomics in order to be aware of what kind of 
input ergonomists are able to provide in design. Pro-
ject managers also need to figure out the stages in 
which ergonomists can act in order to allocate tasks 
and schedule the design process. 

Accordingly, the challenge is twofold. First, it is to 
increase the visibility of the contribution of ergo-
nomics to system design to project managers, and to 
impose ergonomics as a key partner of the needs 
analysis stage. Second, it is to enhance the knowl-
edge, models and methods of ergonomics in the field 
of systems design. 

2. From “needs” to “requirements” and 
“specifications”: some key concepts 

In user-centered design, requirements and specifi-
cations stem from the actual needs of users [17, 19, 
22]. An “ergonomic” needs analysis requires ad-
dressing two points. First, the process of needs iden-
tification, as it is conducted by ergonomists. Second, 
the effective translation of these “ergonomic” needs 

into system requirements and specifications. In this 
section, we describe concepts and frameworks used 
to analyze the contribution of ergonomists to needs 
analysis. 

2.1. Needs: a definition from an ergonomic viewpoint 

In spite of the large amount of literature available 
on needs analysis and its importance in design, few 
clear definition have been proposed. In product de-
sign, needs often refer to what the customer wants. 
However, customers usually formulate their needs in 
terms of expected functions or features of the future 
system, as for instance: “I need a system to safely 
land humans on Mars”. In user-centered design, the 
system's expected functions or features are system 
requirements, not needs.  

In ergonomics, the users’ needs are defined ac-
cording the properties of a basic work activity, which 
must be retained in the target work situation: 
� The goals and tasks that must be performed, the 

strategies of operators (those to be make more 
reliable and those which must be kept as they 
are), the means to achieve the task goals and re-
lated challenges [4, 6].  

� Socio-organisational and technical constraints 
(as for instance, software constraints) which will 
frame the future system [4, 11, 17]. 

� Physical and cognitive characteristics of the fu-
ture users (e.g., [4, 17, 21]. 

All these properties are, most of time, elicited by 
an ergonomist, through a work analysis. Yet, the er-
gonomist may also call on his/her own expertise and 
knowledge in human factors in order to formulate 
requirements.  

Based on this definition of “needs”, we propose 
that a need is any element without which a system 
(composed of humans and machines) might not 
achieve its goals. Compared to requirements, a need 
is a picture of the current situation. This is why the 
needs are usually not formulated by the user himself, 
but elicited by the ergonomist, who will translate 
needs into requirements. 

2.2. Requirements as a response to users' needs 

Once needs are identified, they must be translated 
into requirements, so as to be used by designers. Re-
quirements describe what the system should do (for 
example, “the system shall allow operators to reach 
valve X”) or property that it should have (for exam-
ple, “the system shall support the weight of three 
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equipped operators”) to meet users' needs [3, 8]. 
Formulating a requirement leads to reducing the set 
of possible technical solutions. But, as in the case of  
“needs” (see section above), a requirement remains 
independent from the technical solution. It has to be 
stressed that a requirement may be expressed by the 
user him/herself, or by the designer, or by the ergo-
nomist. 

There is a classical distinction between functional 
requirements, that describe what the user can do with 
the device, and the non-functional requirements (e.g. 
[24]), that can be subdivided as follows [8, 21]: 
� Operational requirements: these describe system 

performance in terms of efficiency, reliability, 
safety, etc. 

� Physical requirements: these define the system 
components, their relationships, their size, ap-
pearance, etc. In computer systems, physical re-
quirements refer to both hardware and software.  

� Organizational requirements: these present the 
organizational components of the system, e.g. 
the number of operators, training, managerial re-
lations, etc. 

� Interaction requirements: these describe how the 
users will likely interact with the future system. 
They are directly linked to system usability.  

Requirements can also be distinguished according 
to their scope [8]: global vs. narrow. Global require-
ments refer to requirements describing global func-
tion or features applying to the entire system. For 
example, “the system shall be easy to operate for 
users who are not skilled with computers”. Narrow 
requirements only apply to some parts of the system. 
In software, where there are no parts as such, these 
requirements refers to the various functions of the 
system. For example, “calculation duration shall be 
short”. As global requirements apply to the whole 
system, narrow requirements must comply with 
them.  

2.3. Translating requirement into specification 

The requirements are translated into specifications 
for the design team. This results in expressing pre-
cisely the elements of the technical solution. It must 
be noted that some requirements will not be consid-
ered in the solution and will be eliminated. Unlike a 
requirement, a specification is strictly qualified 
and/or quantified [18]. For example, the requirement 
“the system must support the weight of three 
equipped operators” will be translated into the fol-
lowing specification: “the system shall support at 

least 400 kg”. In this paper, results related to the con-
tribution of ergonomists to the specification will not 
be presented.  

3. Method 

The contribution of the following stakeholders in 
the needs analysis process is analyzed: the ergono-
mist, the engineers and the users. Their contribution 
was studied through a thematic content analysis [3] 
of the requirement document which was produced at 
the end of the OAST project. This document is the 
result of an iterative and collective process, during 
which several versions of requirements were pro-
duced and discussed by the ergonomist, the users and 
the engineers involved in the project. Only the final 
version of the requirement document in analyzed in 
the study.  

3.1. Data collection 

All end-users’ needs and requirements were identi-
fied and collected during the first part of the design 
process (33 months). Various data collection tech-
niques were used : 
� observation of real and simulated work  
� analysis of operational return of experience 
� semi-directed interviews 
� questionnaires 
� presentation of a paper mock-up to end-users. 
Then, needs had to be translated into requirements 

by the ergonomist. During fieldwork, users were en-
couraged to elicit requirements. Engineers also elic-
ited requirement during design meetings.   

3.2. Data 

The requirements document is a 45-page docu-
ment. It contains 59 requirements. Requirements are 
systematically formulated in this way “system 
shall...” or “users can use system to...”.  

The document also describes why every require-
ment is needed, and whether it is expressed by users, 
engineers, or the ergonomist.  

3.3. Data analysis 

Every requirement was analyzed according to four 
dimensions : SOURCE, JUSTIFICATION, TYPE, and 
SCOPE.  
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SOURCE refers to the actor who discovered or for-
mulated the requirement. SOURCE can be engineers, 
end-users or the ergonomist. 

JUSTIFICATION describe why a requirement is 
needed, i.e. the need behind the requirement. There 
are four types of JUSTIFICATION :  
� limitations of the current system,  
� users’ cognitive or physical characteristics,  
� organizational or technical constraints, 
� specific knowledge of SOURCE. For example, for 

the ergonomist, “specific knowledge” refers to 
his knowledge in the general functioning of hu-
mans, and his knowledge in HCI. 

According to section 2, there are five main TYPE of 
requirements: functional, interaction, operational, 
physical, and organizational. 

The SCOPE refers to whether the requirement ap-
plies to the entire system (global scope) or part the-
reof (narrow scope), i.e. to its functions. 

To highlight special relationships between some of 
the four variables, we first performed an exploratory 
multiple correspondence analysis (MCA). As these 
results were not exploitable, pairwise analysis was 
carried out on the variables using Cramér's V2 [9] to 
evaluate the strength of the relationship. Relation-
ships between two modalities of separated variables 
were assessed using association rates (AR). Cramer’s 
V2 and AR’s were used since these are the equivalent 
of correlations for nominal variables. AR's and Cra-
mer's V2 were only used when there was a sufficient  
difference in the number of requirements between 
modalities of one of the two variables.  

The strength of V2 is considered weak or negligi-
ble when V2<.04, strong when V2>.16 and interme-
diate for values in between.  There is no relationship 
between modalities when AR=0, an attraction when 
AR>0 and a repulsion when AR<0. Attraction or 
repulsion is considered significant when AR>|.2|. 

4. Results 

Our results highlight that the ergonomist provided 
most of the requirements (n=44), followed by users 
(n=9) and engineers (n=6). These results will be fur-
ther detailed in this section.  

4.1. Actors do not formulate the same type of 
requirements 

All SOURCES have not identified requirements of 
every TYPE The ergonomist did not formulate any 

physical requirement, users did not identify any in-
teraction requirement, and engineers only defined 
physical and operational requirements. There is a 
strong relationship between the SOURCE and the TYPE 
of requirement (V2=.4). Thus, it seems that the vari-
ous actors did not formulate the same types of re-
quirement (table 1). 

 
Table 1 

Association rates between TYPE and SOURCE of requirements. 

TYPE/SOURCE Ergonomist Engineers Users 

Functional .20 (n=31) -1 (n=0) -.25 (n=4) 

Interaction .34 (n=5) -1 (n=0) -1 (n=0) 

Operational -.46 (n=2) .97 (n=1) 1.62 (n=2) 

Physical -1 (n=0) 7.19 (n=5) .09 (n=1) 

organizational .01 (n=6) -1 (n=0) .64 (n=2) 

  
Compared to other actors, users mostly contributed 

by formulating  operational (AR=1.62) and organiza-
tional (AR=.64) requirements. These operational re-
quirements focus on the system's conditions of use. 
These organizational requirements relate to the train-
ing needs and the shared allocation of tasks between 
the various users (i.e. who performs what).  

Engineers mostly identified physical (AR=7,19) 
and operational (AR=.79) requirements. These physi-
cal requirements focus on the software side of the 
system, and the single operational requirement relates 
to the technical conditions the system must meet to 
be operational.  

Finally, the ergonomist formulated mainly func-
tional (AR=.22) and interaction (AR=.34) require-
ments. The former relate to functions aiming at as-
sisting users performing their tasks and the latter re-
late to the usability of the system.  

As a first conclusion, it appears that the various ac-
tors were very complementary. Users mainly re-
ported requirements regarding the concrete use of the 
system. Engineers mostly helped in defining what 
was to be “inside” the system. The ergonomist fo-
cused his work on functional and interaction aspects 
of the system, i.e. on its utility and usability. 

4.2. Actors do not define requirements with the same 
scope  

All SOURCES formulated both narrow and global 
requirements. However, there is an intermediate link 
between these two variables (V2=.09). Based on the 
association rates (table 2) it seems that the various 
actors did not express requirements with the same 
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scope. Engineers mostly identified narrow 
requirements (AR=.26). Users mainly formulated 
global requirements (AR=.97). They identified only 
few narrow requirements (n=3).  

 
Table 2 

Association rates between SCOPE and SOURCE of requirements.  
SCOPE Ergonomist Engineers Users 

Narrow scope .07 (n=31) .26 (n=5) -.5 (n=3) 

Global scope -.13 (n=13) -.51 (n=1) .97 (n=6) 

 
Finally, even if he expressed most of the global re-

quirements (n=31), the ergonomist participated 
equally to the definition of narrow and global scope 
requirements. As the users also do, the ergonomist 
helped defining the guidelines of the system use, 
while he contributed, with the engineers to design the 
various parts of the system.  

The ergonomist occupies an intermediate position 
between (i) the engineers, who mostly helped in de-
fining the various parts of the system, and (ii) the 
users who helped guide the overall design. In defin-
ing the various parts, as well as the global aspects of 
the system, the ergonomist provides a link between 
these two levels of system design. Doing so, he trans-
lates general guidelines into concrete solutions. For 
example, during a design meeting, users formulated 
the following functional requirement “decision-
making tasks shall be assisted but not performed by 
the system”. The ergonomist translated this global 
requirement into several system functions, i.e. nar-
row-scope functional requirements.  

4.3. Actors participated differently depending on the 
scope of requirements 

Looking only at the global SCOPE requirements, 
the previous results can be further elaborated on (ta-
ble 3). 

At the global level, functional and operational as-
pects of the system were mainly defined by the ergo-
nomist (n=4 and n=2, table 3) and the users (n=3 and 
n=2). Global-scope functional requirements refer to 
guidelines of what kind of functions the system will 
provide. For example, “the system must provide op-
erators with a way to make them understand its mode 
of operation”. However, at the functional level, there 
is a huge difference according to the person who 
formulated the requirement. Functional requirements 
formulated were formulated in a positive way by the 
ergonomist, while the users requirement are formu-

lated negatively. For example, “the system must not 
become a spy for managers and executives”. It seems 
that the ergonomist reported general guidelines he 
thoughts would be useful to users, while users re-
ported on what they did not want.  

 
Table 3  

Type of global SCOPE requirement according to their source. 
TYPE/SOURCE Ergonomist Engineers Users 

Functional 57.1% (n=4) 0 42.9% (n=3) 

Interaction 100% (n=5) 0 0 

Operational 50% (n=2) 0 50% (n=2) 

Physical 0 50% (n=1) 50% (n=1) 

Organizational 100% (n=2) 0 0 

  
Interaction and organizational requirements were 

all identified by the ergonomist (n=5, table 3). At the 
global level, organizational requirements refer only 
to training requirements. Interaction requirement 
relates to generic guidelines for the interaction with 
the system. For example, “the system shall operate 
with few manual entries from the operators”. 

Finally, physical requirement were formulated 
both by users and engineers (n=1 and n=1). More 
precisely, engineers defined the technological aspects 
of the system and users defined where the system 
would be in the control room.  

Looking only at narrow-SCOPE requirements, as in 
the global level, engineers focused their work on 
physical requirements (n=4). They also defined one 
operational requirement.  

 
Table 4  

TYPE of narrow SCOPE requirement according to their SOURCE. 
TYPE/SOURCE Ergonomist Engineers Users 

Functional 96,4% (n=27) 0 3,6% (n=1) 

Interaction 0 0 0 

Operational 0 100% (n=1) 0 

Physical 0 100% (n=4) 0 

organizational 66,7% (n=4) 0 33,3% (n=2) 

 
The ergonomist defined most of the functional 

(n=27) and organizational (n=4) requirements whe-
reas users helped him modestly (n=1 and n=2). Thus, 
the ergonomist played a major role in translating 
functional guidelines into functions. In other words, 
he defined more precisely all the user functions of the 
system based on the guidelines he defined with the 
users.  
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4.4. Actors do not justify their requirements in the 
same way 

There is a strong relationship between the source 
of the requirements and the justification used to pro-
mote them (V2=.21). Thus, the various actors do not 
justify requirements the same way (table 5). 

 
Table  5 

Association rates between JUSTIFICATION and SOURCE of require-
ments.  

JUSTIFICATION 
/SOURCE 

Ergonomist Engineers Users 

Limitations of current 
system  

.24 (n=12) -1 (n=0) -.5 (n=1) 

User characteristics -.62 (n=2) -1 (n=0) 3.68 (n=5) 

organizational or 
technical constraints 

-.11 (n=14) .87 (n=4) -.06 (n=3) 

Knowledge .20 (n=16) -.09 (n=2) -1 (n=0) 

 
Compared to other actors, users mainly justify 

their requirements by their own characteristics 
(AR=3.68). Theses characteristics refers mainly to 
their preferences. For example, users want to be able 
to setthe threshold of system alarms because some of 
them prefer to have higher or lower threshold rather 
than the threshold defined by the ergonomist.  

Engineers mainly justified requirements by con-
straints of the work situation (AR=.87). Only tech-
nical constraints were used by engineers to justify 
their requirements.  

Requirements formulated by the ergonomist were 
mainly justified by his own knowledge and expertise 
in ergonomics (AR=.20) and the limitations of the 
current system identified during fieldwork (AR=.24). 
The expertise refers mostly to knowledge in the use 
of computer systems and manual tracking tasks like 
driving or piloting. Limitations of the actual system 
relate to the difficulties of the operators observed 
during fieldwork. However, justifications also refer 
to the need to make safer some of operators' tasks.  

This last result indicates that the ergonomist seems  
to be in a good position to detect difficulties related 
to current systems. For the operators, some difficul-
ties can be non-conscious. Actually, when facing 
difficulties, operators develop new strategies that 
may not be optimal, e.g. in terms of productivity. 
However, these strategies are totally incorporated in 
operator activity. Thus, it is difficult for operators to 
verbalize them. Actual work analysis can enable us to 
discover these strategies and the underlying difficul-
ties.  

Looking only at the justification used by the ergo-
nomist, further details can be provided.  According to 
the type of requirement, the ergonomist used differ-
ent kinds of justification (V2=.11, table 6). 

Functional requirements formulated by the ergo-
nomist were mostly justified by the limitations of the 
current system which he identified during fieldwork 
(AR=.18) and based on his knowledge (AR=.06). In 
other words, some functions identified by the ergo-
nomist stem from the difficulties encountered by op-
erators, and some come from his expertise. The ergo-
nomist justifies the utility of new functions because 
those are useful in similar tasks and work situations.  

Interaction requirements were mainly justified by 
the user's characteristics (AR=3.4), by the organiza-
tional constraints of the situation (AR=.26) and by 
the ergonomist's expertise in HCI (AR=.1).  

The ergonomist justified operational requirements 
only by the limitations of the current system 
(AR=2.67).  

Finally, organizational requirements were mainly 
justified by the organizational constraints identified 
during fieldwork (AR=1.1).  

 
Table 6 

Association rates between JUSTIFICATION and TYPE of ergonom-
ist's requirements.  

JUSTIFICATION 
/TYPE 

Functional Interaction Operational organiza-
tional 

Limitations of 
current system 

.18 (n=10) -1 (n=0) 2.67 (n=2) -1 (n=0) 

User characte-
ristics 

-.29 (n=1) 3.4 (n=1) -1 (n=0) -1 (n=0) 

organizational 
or technical 
constraints 

-.19 (n=8) .26 (n=2) -1 (n=0) 1.1 
(n=4) 

Knowledge .06 (n=12) .1 (n=2) -1 (n=0) -.08 
(n=2) 

 
Limitations of the actual system, user characteris-

tics, and organizational or technical constraints are 
justifications which stem from the fieldwork analysis 
done by the ergonomist. Thus, except for functional 
requirements, it seems that justifications used by the 
ergonomist to argue for all his requirements are 
based on findings from the field. 

5. Conclusion 

As is already pointed out in the literature, ergo-
nomists can help to define the global guidelines and 
the various parts of a system [10, 11, 14, 26], espe-
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cially in its functions, interaction and organizational 
aspects [1, 4, 6, 8]. This exploratory and empirical 
study extends these statements and provides a deeper 
understanding of ergonomists’ contribution in the 
process of requirements analysis.  

First, the study shows that the various actors are 
complementary and work collectively to define the 
various dimensions of the system. With end-users, 
the ergonomist works on the global requirements that 
guide narrower requirements and specifications. 
They collaboratively defined important design guide-
lines of the system: its general purpose (functional 
dimension), global conditions of use (operational 
dimension), and organizational aspects (e.g., task 
allocation between operators). Without anyone's help, 
the ergonomist defined the global guidelines for user 
interaction with the system. The various functions 
(narrow requirements) derived from the general pur-
pose were defined in collaboration with engineers. 
However, while engineers contributed to determine 
how these functions run as well as their technical 
conditions of use, the ergonomist focused on their 
purpose, and, with end-users, on their organizational 
aspects. Therefore, cooperation between these three 
stakeholders should be encouraged in the early stages 
of design. Cooperation could be promoted by clari-
fying the roles of the actors and by organising mul-
tidisciplinary design meetings. However, the study 
fails to show the full scope of cooperation between 
engineers and ergonomist, especially in the statement 
of functional requirement. Even if functional re-
quirements are formulated by the ergonomist, he has 
to check with the engineers that the functions are 
technically feasible. Thus, a tight cooperation is 
needed between them. 

Second, the study confirms findings from a case 
study published by [19] and goes into details. More 
precisely, it shows that neither the ergonomist's spe-
cific knowledge in ergonomics, nor work analysis, 
were sufficient to derive ergonomist's requirements. 
Both are mandatory. The ergonomist relies heavily 
on findings from the field to justify most organisa-
tional, interaction and operational requirements and 
some functions. His knowledge and expertise in er-
gonomics is nevertheless important to define new 
functions and to derive interaction guidelines. More-
over, this result indicates that presence of the ergo-
nomist during the whole process of needs analysis is 
mandatory to take advantage of his or her special 
knowledge. This view contrasts with the Human Fac-
tors tradition in design in which designer have access 
to ergonomics or Human Factors knowledge through 

reading norms and guidelines [8]. Some studies have 
reported the difficulties faced by designers in using 
ergonomics knowledge this way and its inefficiency 
[7, 15, 27]. When directly integrated in the design 
team the ergonomist can translate Human Factors and 
his specific knowledge into usable form by other 
designers, i.e. into requirement adapted to the ongo-
ing design project [8]. 
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