Reducing work-related Musculoskeletal Disorders (MSDs)

through design: Views of ergonomics and design practitioners

Abstract

BACKGROUND: Work-related Musculoskeletal Disorders (MSDs) affect the well-being of workers. Unfortunately, user requirements for
design to reduce workplace risk factors for MSDs are not always effectively communicated to designers creating a mismatch between the
user requirements and what is ultimately produced.

OBJECTIVE: To understand the views of practitioners of design and ergonomics regarding tools for participatory design and features they
would like to see in such tools.

METHODS: An online questionnaire survey was conducted with a cohort of practitioners of ergonomics and design (n=32). In-depth
interviews were then conducted with a subset of these practitioners (n=8). To facilitate discussion, a prototype integrated design tool was
developed and demonstrated to practitioners using a verbalized walkthrough approach.

RESULTS: According to the results of the questionnaire survey, the majority (70%) believed an integrated approach to participatory design
would help reduce work-related MSDs and suggested ways to achieve this, for example, through sharing design information. The interviews
showed the majority (n=7) valued being provided with guidance on design activities and ways to manage and present information.
CONCLUSION: It is believed that an integrated approach to design in order to help reduce work-related MSDs is highly important and a

provision to evaluate design solutions would be desirable for practitioners of design and ergonomics.
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1. Introduction

Work-related musculoskeletal disorders (MSDs) affect the health and well-being of workers and can hinder
growth in the industrial sector causing staggering expense [1]. Attempts have been made to reduce MSDs in the
working population, for example, intervention programs [2-5], standards [6] and guidelines [7,8] have been
developed to try to eliminate workplace risk factors, but they are still commonplace. Research suggests that more
intervention approaches are required and that methods currently being used to reduce the risk of MSDs among
workers could be improved [9,10]. Adherence to ergonomics in design together with a full assessment of work
systems would help curb work-related MSDs [1].

A drawback in the design process is the mismatch between user requirements to reduce workplace risk
factors for MSDs and what is ultimately produced [11,12]. Stakeholders in the design process include users that
directly interact with equipment and processes and practitioners such as engineers, designers and others such as
ergonomists, occupational health professionals and health and safety personnel that may be involved in the

design process and influence design decisions. However, the involvement of such professionals varies [13] and
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user focused design requirements to reduce workplace risk factors for MSDs are not always effectively and
efficiently conveyed preventing appropriate solutions being incorporated in the next generation of designs. Thus,
a mechanism to fill this void between the users and the practitioners of design may lead to a better understanding
of the design requirements that could potentially reduce the risk of work-related MSDs. In this pursuit,
understanding user requirements pertinent to reducing work-related MSDs is vital. Solutions can then be derived
for the identified requirements for design, and suitable solutions selected and effectively presented to help
detailed design.

Participatory design could play a major role in identifying requirements for design [14]. For instance, a
review [15] reports that participatory ergonomics interventions show positive impacts, and focuses more on
physical and work process changes. It also mentions that these interventions need the right practitioners to be
involved, appropriate ergonomics training and clear responsibilities. Involvement of users/workers in such
programs is considered paramount to help provide lasting solutions to the MSD related problems in industry
[16,17]. Supporting this notion, a study of workers involved in different work tasks, i.e. cleaners, joiners and
plumbers, to assess worker knowledge and ability to participate in the design process showed that they were able
to identify requirements for design with respect to identifying workplace factors that give rise to higher MSD
risk levels [18]. Various methods such as systematic brainstorming techniques and experience-based judgements
could be used to determine solutions. These techniques can enhance knowledge of stakeholders in the design
process to develop solutions to help reduce work-related MSDs. In order to collate and effectively communicate
design information to the design teams, methods such as quality function deployment (QFD) [19] can be used.
These methods help gather requirements for design, map solutions to these requirements and relate other
necessary design information required by design practitioners such as technical details to the solutions. Such
methods have successfully been implemented in various industrial sectors such as engineering and services
industry [20]. Although limited, applications of these methods in ergonomics are reported in the literature. For
instance, studies show the potential in helping to manage design information to reduce workplace risk factors for
developing MSDs [21,22]. This is further accentuated by the findings of a review [15] where program support,
organizational knowledge and communication are discussed as key facilitators and barriers for participatory
ergonomics interventions.

In order to investigate the value of such an approach to the intended users as an effective and efficient way
of reducing work-related MSDs, the potential and feasibility for different practitioners must be understood. Thus,

a survey of practitioners of ergonomics and design was conducted to identify tools and techniques that were



currently being used and to explore the importance of these within different stages of the design process, in
reducing work-related MSDs. Secondly, in-depth interviews were conducted with a sub-sample of these
practitioners to understand their views with regard to reducing work-related MSDs through design. In order to
facilitate discussion, a prototype integrated design tool was demonstrated to them and their views with respect to

the proposed elements of the design process were captured.

2. Data collection

2.1. Questionnaire survey

In order to understand methods currently used by practitioners of ergonomics and design involved in reducing
work-related MSDs, the 57 registered consultancies (representing 144 ergonomists) listed in the database of the
Institute of Ergonomics and Human Factors (IEHF), UK were contacted by email. It was acknowledged that for
some consultancies, the research would not be relevant. In addition, a notice requesting participation in the study
was published in the IEHF monthly newsletter, “The Ergonomist’, which has an estimated readership of 1400
(personal communication with the editor).

A questionnaire survey was developed, and was hosted using SurveyMonkey ™. The content is detailed in
Table 1. The link generated by the survey tool was attached to the email requests that were sent to the
practitioners. The expected time to complete the questionnaire was 5-10 minutes. In the last section of the
questionnaire, practitioners were asked to comment on the need for an integrated participatory design tool.
Practitioners were then asked to rate the importance of the elements of the proposed tool on a 7-point scale (1=

not important to 7= highly important). These elements are described in Section 2.2 and illustrated in Figure 1.

Tablel. Summary of the questionnaire (within brackets, included categories)

Section Elicited information

Introduction Brief about the research and the objectives of the survey; researcher contact details.

Personal and job  Gender.

information Current occupation (ergonomist, consultant, lecturer, health and safety practitioner,

engineer, human factors engineer, designer manager, other).

Job responsibilities (manage ergonomics projects, user needs analysis, equipment and

task design, conducting user trials, MSD risk assessment, user measurement assessment,



Section

Elicited information

Participatory
methods to help
reduce work-

related MSDs

A participatory
design tool to
help reduce
work-related

MSDs

Further research

other).
Experience (0-5, 6-10, 11-20, 221 years).

Expertise as a practitioner (anthropometry/biomechanics, job/task analysis, evaluation of
MSD risk, management of work-related MSDs, system analysis and design, evaluation of
products/systems, product/system development, product system design and testing, user

requirements analysis and specification, participatory ergonomics, other).

Methods used to:

assess MSD risk (rapid upper limb assessment- RULA [23], rapid entire body assessment-
REBA [24], body discomfort scale [25]), quick exposure check- QEC [26], Ovako working
posture analysis system- OWAS [27], Posture, activity, tools and handling- PATH [28],

other).

identify user requirements to reduce work-related MSDs (questionnaire, user-interviews,

focus groups, observation techniques, checklists, experience-based judgements, other).
prioritise user requirements.

develop specific design solutions (ergonomics guidelines, study similar cases, innovation,

experience-based judgments, other).
help innovation and views on formal or informal participatory processes used.

Ratings for the performance of methods/tools currently used with regard to the elements of
the proposed design tool such as identifying MSD risks and obtaining user requirements

(using a scale 1= very poor to 7= excellent).
Importance of an integrated tool to help the process involved in designing/improving (using
a scale 1= not important to 7= highly important).

Rating of importance of elements of the proposed design tool such (using a scale 1= not

important to 7= highly important).
Additional elements required.

Interest in participation in an interview and try out a new prototype design tool.
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Figure 1. Proposed elements of the integrated design tool - Source: [29]

2.2. Interview study

19 respondents expressed an interest in taking part in an interview study, but three were excluded for practical
reasons. Thus, 16 practitioners were contacted to conduct the interviews. The Loughborough University ethical
guidelines for studies involving human participants [30] were observed at all times. Interviewees were informed
about the purpose of the study, and the date and time for the interviews were arranged. The prototype tool is
depicted in Figure 1.

The integrated design tool was developed using Microsoft® Office-based tools (e.g. Excel sheets) to
facilitate activities in the design process. It was structured according to six elements of the design process which
were identified from the literature (e.g. [13,31]). For the first two elements, a variety of commonly used
techniques, such as questionnaires, interviews and Rapid Entire Body Assessment (REBA) can be used to
identify and prioritize risks. With regard to identifying design solutions, the design principles used in the theory
of inventive problem solving-TRIZ [32], for instance, segmentation, symmetry change and nesting were used to
help systematically identify design solutions, which could help reduce workplace risk factors for developing

MSDs. With regard to selecting from possible acceptable solutions, principles of axiomatic design were used
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[33]. To help record knowledge for future applications/use, database techniques facilitated by an approach based
on a modified house of quality matrix of QFD was suggested to integrate, record and present design information
in order to facilitate communication.

The tool was made available to the practitioners by email a week prior to the interview date to facilitate in-
depth discussion. At the beginning of the interviews, each of the six elements of the proposed tool was
demonstrated to the practitioners using a verbalized walkthrough approach [34]. The interviews were assisted by
a guide that included questions to assess: the positive aspects (capabilities/feasibility) and negative aspects
(limitations); appeal in the field environment, and any changes or alterations/modifications needed. Probing
questions were asked to clarify the answers as necessary. The interviews took 60-90 minutes and were audio-

recorded to ensure uninterrupted flow of the discussion.

4. Analysis

Descriptive analyses were conducted separately for the questionnaire survey and interviews. Frequency
distributions were determined for each of the measures included in the questionnaire and were graphically
presented. The constant comparative method [35,36] was used to identify themes which were then prioritized
according to their frequency of occurrence in the analysis of both the questionnaire (open-ended responses) and
the narratives of the interviews. The themes were classified according to the features of the design tool (Figure 1)

and then further categorized according to the capabilities/feasibility, limitations and future development.

5. Results

Initially, a descriptive analysis of the questionnaire survey and the interviews is presented. Specific findings with
regard to the features of the design process are then presented followed by views on the proposed integrated
design tool. The findings of the interview study are presented according to the features of the tool.

5.1. Questionnaire survey

5.1.1. Participants

Data from the questionnaire were collected from January - August 2009. In all, 32 practitioners responded to the
survey with 23 completing the entire questionnaire. Twenty-one out of the 32 respondents were from the IEHF
registered consultancies and represented 21% of the registered consultancies that were contacted. The

respondents were 59% males and 41% females.



A high percentage of respondents (66%) identified themselves as ergonomists and 33% of them were
consultants. Almost 60% of the practitioners that identified themselves as lecturers also reported other
occupation categories. All of the health and safety practitioners also identified themselves as ergonomists.
Respondents that distinguished themselves as human factors engineers (6%) were different from the respondents
that identified themselves as engineers (6%). The respondents that specified their occupation as ‘other’ included
two researchers, an osteopath and an occupational health technician. The respondents held a variety of job
responsibilities with 81% and 69% reporting that they manage ergonomics projects or are involved in user needs
analysis. The majority also identified equipment and task design (62%); conducting user trials (62%) and MSD
risk assessment (59%) as their job responsibilities. Additionally, user measurement assessment was recognized
as a job responsibility by 41% of the practitioners. Other responsibilities indicated by 28% of the respondents
included conducting research, heuristic evaluation of artifacts, teaching, simulation using human modeling,
training, evaluation of artifacts, health surveillance, method study and customer engagement. Only 16% of the
practitioners reported less than two job responsibilities. 22% of the practitioners reported job responsibilities in
all listed job areas. Respondents had considerable experience as practitioners with the majority (65%) reporting
more than 10 years of experience. The majority of the respondents reported expertise in relation to a wide range
of areas pertinent to MSDs and design (Figure 2). Practitioners indicated expertise in multiple areas, often

selecting three or more areas.
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Figure 2. Areas of expertise of the respondents (n= 30)

5.1.2. Participatory methods currently used

With regard to participatory methods currently used by them to help reduce work-related MSDs, 91% not
surprisingly used more than one. The majority of the respondents (75%) completed the section on MSD risk
assessment methods: RULA (79%) and body discomfort scales (79%) were the most commonly used methods.
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In addition, REBA (50%), QEC (21%) and OWAS (21%) were also used by practitioners, but PATH was not
used by any of these respondents. Other methods such as National Institute of Occupational Safety and Health
(NIOSH) lifting equation, the Borg scale, electromyography (EMG) and expert evaluation were also mentioned.
Two of the respondents indicated that they use proprietary methods for risk assessment, but did not reveal them.
Out of the 23 respondents that completed the entire questionnaire, user-interviews (96%), observation techniques
(91%), questionnaires (78%) experience-based judgments (70%) and checklists (65%) were the most popular
methods to identify user requirements. Focus groups were less popular (39%) compared with the other methods.
Data also indicated that the practitioners do not depend on a single method, but use a combination of methods to
identify user requirements. Other methods included proprietary tools, QFD and task and job analysis, but no
details were given. 39% of the respondents stated that they use formal methods/tools to help prioritize the user
requirements for design in order to reduce work-related MSDs. Results from risk assessment, QFD, task and job
analysis and proprietary tools were used by the respondents to prioritize the user requirements identified,
however, details on these methods were not given.

Out of the 23 respondents, ergonomics guidelines (96%), experience-based judgments (78%) and studying
similar cases (65%) were used to identify solutions. 43% used innovation helped by techniques such as
identifying gaps in current practice, using ergonomics guidelines, experience-based judgments, looking at similar
cases and brainstorming to develop design solutions. 87% of the respondents indicated that they relied on more
than one method to develop design solutions. Other methods include the use of ergonomics standards, laboratory
and field-based testing, human modeling, user consultations and evaluating the evidence base. Furthermore, 65%
of the practitioners responded positively to the question concerning the use of formal or informal participatory
processes in design to reduce workplace risks for developing work-related MSDs. These were: involvement of
users and other stakeholders in the different stages of the design process; iterative process to design and validate

and failure mode and effects analysis (FMEA).

5.1.3. Performance of methods/tools used
The practitioners rated the performance of participatory methods/tools currently used by them on a 7-point scale
(1= very poor to 7= excellent) with regard to the elements of the proposed design tool and are graphically

represented in Figure 3.
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Figure 3. Ratings for performance of participatory methods/tools currently being used by the practitioners (n= 23)

Practitioners were generally satisfied with the participatory methods currently being used to ‘identify MSD
risks’ and ‘record knowledge for improvements/future applications’ with a mean rating of 5 (SD 1) and the
majority rating the performance greater than 4. The performance ratings of methods used for ‘checking
feasibility of design solutions’ had a mean of 4 (SD 2), but the distribution showed two separate clusters of
responses indicating that the practitioner opinion was divided. The ratings for the performance of the methods
used for ‘obtaining user requirements’, ‘prioritizing user requirements’, ‘identifying design solutions’,
‘presenting user requirements and design solutions’ and ‘integrating such elements’ showed mixed responses.
For methods for ‘obtaining user requirements’ and ‘prioritizing user requirements’, the mean ratings were 5 (SD
2) and the majority rated the performance greater than 4. For ‘identifying design solutions’, ‘presenting user
requirements and design solutions’ and ‘integrating the above elements’ the mean ratings were 4 (SD 2) and the

majority of the practitioners rated the performance less than 5.

5.1.4. Importance of an integrated tool

A high importance (mean rating=5: SD 1) was given to having an integrated tool to help the process involved in
designing/improving and reducing work-related MSDs, and 69% rated this aspect of the tool greater than 4. Five
respondents also identified possible benefits that an integrated design process could offer including avoiding
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sub-optimization, enabling management of risk estimation and problem solving tools, reducing project duration,
and helping to cover broader aspects of work and validate solutions. Despite positive comments, three of the
respondents were skeptical about an integrated approach and expressed reservations, and commented on possible
drawbacks. For example, two practitioners reported that they already had ample experience to integrate

information and had tools for integration.

5.1.5. Importance of elements of the design process

While Figure 3 presented the ratings for the performance of current methods/tools available to the practitioners
to help reduce work-related MSDs, Figure 4 illustrates the perceived ratings on the importance of these elements
as part of an integrated design tool given on a 7-point scale (1= not important to 7= highly important). 65-78% of
the practitioners considered ‘identifying MSD risks’, ‘obtaining user requirements’, ‘prioritizing user
requirements’, ‘checking feasibility of design solutions’, ‘integrating the design process’ and ‘recording of
knowledge for improvements/future applications’ to be highly important for the design tool (mean rating= 6: SD
1). ‘ldentifying design solutions’ and ‘presenting user requirements and design solutions’ comparatively
perceived as less important (mean rating= 5: SD 1), although the majority (74% and 78% of the practitioners)

rated the importance of these two elements greater than 4.
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Figure 4. Ratings for importance of elements of the design process (n= 23)
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Eleven of the 23 practitioners commented on additional elements that would be useful for integrated design,
which include the ability to record the rationale behind user requirements, to be able to prioritize and share
design information among stakeholders and means of considering cost-benefits. In addition, it was reported that
the process needs to ensure a systems approach and provide case studies and examples together with simple,

quick and easy tools that demand little time and resources.

5.2. Interview study

5.2.1. Participants

Eight practitioners (five males and three females) took part in in-depth interviews. They expressed their roles as
ergonomists (n= 5), consultants (n= 3), lecturers (n= 3) and engineers (n= 1): three reported more than one
category of occupation. All reported managing ergonomics projects as one of their job responsibilities. Other
responsibilities were, conducting user trials (n= 7), user needs analysis (n= 6), equipment and task design (n=5),
user measurements assessment (n= 3) and MSD risk assessment (n= 2). The majority of practitioners (n= 5)
reported over ten years of relevant experience. Areas of expertise reported were product/system development (n=
6), user requirement analysis and specification (n= 6), evaluation of products/systems (n= 6), product/system
design and testing (n=5), job/task analysis (n= 4), anthropometry/biomechanics (n= 3), participatory ergonomics

(n=3), evaluation of MSD risk (n= 2) and systems analysis and design (n= 2).

5.2.2. Practitioner views on the design process to reduce work-related MSDs

Overall, views on integrating activities in the design process to reduce work-related MSDs through an integrated
design tool were positive. Half of the practitioners supported the notion that integration of the design process
helps enhance communication among the stakeholders of design, and emphasized that it is vital to facilitate
communication of design requirements to practitioners of design such as engineers to reduce work-related

MSDs. For instance, Participant 5 said:

““... you do need a tool and need more people involved so you can explore what they have got to offer in
terms of their knowledge and expertise working in this sort of area... So if you've got any representatives
of ergonomics, health and safety, engineers, designers, you got a multidisciplinary team then you cover a
broader scope and also makes it easier to identify the relative feasibility. |1 can see that being very

useful.”

11



In addition, four of the practitioners stated that it is important to guide practitioners through the design process.
Some practitioners (n= 3) indicated the ability to omit or alternate between different phases in the design process
based on practitioner prowess and the scale and scope of the undertaken project is also necessary. Furthermore,
practitioners in general viewed that it is important to amalgamate the otherwise isolated methods, tools and
techniques available to help work collectively towards reducing work-related MSDs. For example, Participant 3

mentioned:

“l am always interested in things, which, kind of, encapsulate. I can see the way in which you can
logically take people, engineers being skeptics, through a process saying it is a cut through this [process]
and these are the answers and if you got some more you want to add yourself and it's a way of recording

that process.”

The majority of the participants also mentioned limitations of the proposed integrated tool, but all suggested
remedial action to address these. These further helped understand practitioner views regarding the design process
to reduce work-related MSDs. All practitioners stated that clear guidance with regard to every aspect of the
design process was required to help effectively integrate the design process. Half expressed that the entire
process demonstrated in Figure 1 is long and would be time consuming. This emphasized the need for automated
or semi-automated methods, tools and techniques: this was mentioned by six of the practitioners as a

requirement for future development. The following comments by Participants 4 and 7 demonstrate this:

“My only concern is the amount of time it takes to go through the six steps. We have to go through the
procedures and identify what we want to take out; what the issues are. Then, from issues we put it into
something else and now is to say what the priority is and that list we put into the matrix and you need to
go back and see what the solutions are and it's not always easy to find the time to do all of that. You will
be asked a question one day and you are expected to find the solution the next day. It probably takes

months after that to actually implement the solution, but they expect quick turn points.”

“The entire process is quite long and time consuming. Practitioners are aware of this. It is possible to
perhaps have a modified version, which can be done quickly using automated aspects of the entire

process.”

Another important aspect mentioned for future development was facilitating web-based online collaboration

among the stakeholders of the design process. The following subheadings present the views of the practitioners
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regarding the design process to reduce work-related MSDs with respect to the six elements of the integrated

design tool (Figure 1) used to facilitate discussion.

Identifying risks and obtaining user requirements
The majority of the practitioners (n= 5) identified that methods suggested in the integrated tool such as user
interviews and REBA assessment for risk analysis were feasible to use and that it is especially important for

inexperienced practitioners that methods are easily and readily used. For example, Participant 3 stated:

“...it's always nice when you have proposed methods. We have to actually get the thing and, you know,
you have to go away and sort things out elsewhere and it's a nuisance. Probably, | would not bother to do
that, whereas this, because it's there, it's really convenient you know! For practitioners, definitely being

able to have a thing there is really useful. You see what it is and you can use it straight away.”

Themes concerning ‘capability/feasibility” also indicated that it is important to utilize the flexibility that methods
offer to practitioners to help identify workplace risk factors for developing MSDs. The ability to triangulate data
from different sources was also recognized as important. However, six practitioners stated that guidance is

needed on selecting appropriate methods and how to use them. For instance Participant 6 stated:

“... I mean you've got the techniques there, you don't say whether you do one or both or whether you
should definitely use REBA. If it's for experienced practitioners ergonomists, you probably don't need
much. Otherwise, people with less experience, you might, without filling this page too much perhaps you
can write a bit of general guidance and have that as another document that you can print off. | think it’s
more like when is a good time to do interviews. When is a good time to do observations, and a few hints

and tips on doing them 1 think. Something you could follow up like references.”

Another limitation in identifying risks and requirements, for two of the practitioners, was the difficulty in
obtaining the co-operation of workers. Methods been used in the guidance material, which are not linked to
subsequent elements of the proposed tool was observed as a limitation to integrate the design process by one of
the practitioners. Guidance to help identify requirements for design from workers was also recognized as a need
for future development viewed by two of the practitioners. Six practitioners viewed decision support techniques
such as flowcharts as vital in providing succinct guidance to practitioners. In addition, the ability to access
standards, guidelines and regulations, which are frequently being updated was viewed as important to enhance
communication in the design process. Interestingly, the need to capture the reasons for particular design

requirements was also considered important to facilitate communication by one of the practitioners.
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Prioritizing the risks and user requirements

All practitioners considered that in prioritizing risks and user requirements, the use of frequency analysis of
themes was important and useful. This indicates the significance of providing simple procedures to help
practitioners prioritize design requirements in a systematic and transparent manner. A comment made by

Participant 7 is quoted:

“Being able to identify the frequency of comments and create themes from the users themselves, users
will feel involved in the changes and the risks identified by the users that may have not been considered
in-depth by the assessor. This may also have the biggest impact on improvement as they are identified by

the workers.”

Despite this, reliability of the prioritized list of requirements generated was cautioned by two of the practitioners.
In particular, being limited to a set procedure, the possibility of missing important requirements was considered a
major concern. The majority of the practitioners also thought that more training and guidance was needed in
order for them to effectively and confidently prioritize requirements for design. For example, Participant 6

proposed:

“May be it's not a bad idea through each of the steps to have a one page sort of guide on how to do it, but
not in detail, with something for a person who isn't sure to have a look at. Even if it's a very simple and
practical like, now you are going to fill in this themes table and go through each interview record in

turn.”

Identifying design solutions

Design parameters based on TRIZ were provided (e.g. divide or split into elements, reduce weight or balance
weight) to help practitioners identify solutions to the requirements for design. All of the practitioners were of the
view that using a set of design principles to help identify innovative solutions and a means of recording this
information would be useful for industry. Seven out of eight practitioners indicated that collating design
information in an easily presentable manner would be very useful in generating creative ideas. This would also
enhance communication among stakeholders of the design process and thereby reduce work-related MSDs. For

instance, Participants 2 and 6 respectively mentioned:

“Having design principles that facilitates you making proposals on how you like to change the design or
whatever. ... It would make a huge difference in their ability, to be able to give something useful to the

design engineer.”
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“I like the design principles. I've not come across this before. There is a sort of distinction that people
make between when you've got a problem, applying sort of low level fixes, or rethinking the whole
problem going in to a higher level, perhaps thinking of a whole new approach, which could solve the

problem in a completely new way.”

However, the need for guidance in identifying design solutions and how it needs to be presented for effective

communication were viewed as important by seven of the practitioners.

Selecting acceptable solutions

Methods to easily visualize important design information were identified as useful for communication among
different stakeholders of design. The color coding system proposed within the integrated design tool to classify
design solutions according to their feasibility was appreciated by the majority of practitioners. Three of the
practitioners also indicated that it is important to be able to check the relative feasibility of different solutions in
the early stages of design. However, four of the practitioners also emphasized the importance of maintaining

consistency within these methods. For example Participant 3 described:

“l agree, the traffic light system will always mean, red would mean something like it's too difficult or it's
technically infeasible beyond the laws of physics or something like that. Amber would be ok there are
possibilities, but there are potentially some significant problems need to be overcome. With time and
effort you will be able to solve it. And green would be either it's easy to do or it absolutely solves the

problem. That would be my simple interpretation.”

Four practitioners also mentioned the need for guidance in order to help prioritize and select acceptable solutions
from alternative solutions identified within the design process. Again, a flowchart-based approach was suggested

by one of the practitioners to help provide guidance.

Presentation of risks and user requirements, and solutions

With regard to presentation of design information, all of the practitioners viewed that the ability to effectively
present and visualize important design information is vital for communication in the design process. In
particular, the ability to present all necessary design information in a single interface in the integrated tool was
highly appreciated. In addition, the ability to take different stakeholders through the decisions made in the design
process was viewed as important by five of the practitioners. For instance, Participant 3 and 4 respectively

stated:
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“I think it's helpful when presenting solutions to engineers or anybody actually that you can take them
through the story. So, rather than presenting them with the answers, that, you would take them through
your previous one, because they can see where they come from and why you made the decisions you've

made. People are always suspicious about being told this is the answer.”

“Even if we came up with a requirement, the engineers will knock it back. Presenting it in a format that's
compatible with their thinking is very good. And it takes so much trying to build that transition between
the ergonomists and the engineers. We are very systematic in our thought process in our disciplines but

there is a disparity.”

Comparatively, there were only a few comments regarding limitations and directions for future development of
the QFD matrix-based approach presented as part of the integrated tool. Although three of the participants
commented that it was important to be able to separate the required design information from the rest when
necessary. User requirements, design solutions, interactions between solutions, provision to present cost/benefit
data, sketches and photographs were also identified as important for communication in identifying design

solutions.

Recording knowledge for future use

The majority of the practitioners considered that it is useful to have access to a solutions database to store and
retrieve important design information when necessary. However, half of the practitioners also thought that it
would be additional work for them to update such database regularly emphasising the need to automate the data

storage process. Participant 3 mentioned that:

““l probably wouldn't bother [keeping records], but I might come to a situation where actually I wish |
had. You may be right. Are these linked automatically? Again as a practitioner and being lazy, | would
probably, if | had to retype all this stuff, think I don't want to do that, | would be either looking to have

automatically done for me.”

Three of the practitioners also suggested using the internet to help them update the design information

collaboratively and this would also help communicate with remote clients.

6. Discussion

The questionnaire survey was conducted to identify tools and techniques currently being used by practitioners

and to explore the importance of these within the design process in reducing work-related MSDs. Then, using the
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proposed prototype design tool to facilitate discussion, the views of the practitioners regarding the design
process were assessed through in-depth interviews.

Practitioners seemed comparatively satisfied with the participatory methods/tools currently being used for
‘risk assessment’ and ‘recording knowledge for improvements/future applications’. Least satisfaction was
reported for ‘identifying design solutions’, ‘presenting user requirements and design solutions’ and ‘integrating
the design process’. Ratings for participatory methods currently being used for ‘checking feasibility of design
solutions” showed a distinctive bi-modal distribution, which may be due to different technical backgrounds of
practitioners. The literature also backs this view by concluding that ergonomics practitioners in general do not
get involved later in the design process due to the deficiency in the competency with respect to technical ability,
i.e. planning, delivery and evaluation [13]. This suggests the need for methods/tools to facilitate practitioners in
carrying out these functions in the design process.

Adopting tools and techniques familiar to practitioners as much as possible would increase the ability to take
on board the requirements of users in design. In the study [37], out of the 308 practitioners, 56% used body
discomfort scales, 52% Rapid Upper Limb Assessment (RULA), 21% the Ovako posture analyzing system
(OWAS) and 18% Rapid Entire Body Assessment (REBA). 79%, 79%, 21% and 50% respectively were the
corresponding figures for these in the current survey. This variation is likely to be due to differences in the
sample composition. Furthermore, 21% of the practitioners reported in the current study that they use the quick
exposure check (QEC), a tool that had been tested by 150 practitioners for sensitivity, usability and inter/intra
observer reliability [26,38]. However, the percentage of practitioners that use a specific tool may not reveal the
accuracy or effectiveness of them [37]. These findings justify the need to use multiple tools and techniques
followed by triangulation to assess MSD risks to help practitioners. In addition, observation techniques, user
interviews, questionnaires and experience-based judgments were commonly used by practitioners to obtain user
requirements although focus groups were less popular. This may be because several workers cannot be taken
away from work at once owing to the current demands of industry. A literature review [39] also reveals that
interview and questionnaire techniques (supported by observations) are frequently used in industry to obtain self-
reports on workplace exposure. Many studies [34,40,41] also indicate that these are popular methods. Thus, any
method to help ‘identify risks and obtain user requirements’ in order to feed into the design process should be
comparable with the methods widely being used in industry in order to have appeal for the practitioners.

The survey also indicated that the percentage of practitioners that use formal methods to help prioritize user

requirements identified was low (39%). The scoring systems used in risk assessment methods are largely
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hypothetical [39]. As a result, using such scores to prioritize user requirements as reported by some respondents
may not be enough. Techniques to improve this process involve video recording of work and the use of computer
software, but the time and expertise required can be financially demanding [39]. Although Quality Function
Deployment (QFD) and proprietary tools were mentioned by the respondents as methods for prioritizing risks,
the questionnaire was not able to capture details of how these were used.

The responses show that practitioners use information from different sources to help ‘identify design
solutions’ to the problems identified in the workplace. Unfortunately, the questionnaire did not elicit details of
specific methods used by them to help innovate. However, they appear to be broadly using techniques such as
brainstorming, experience-based judgments and studying similar cases to suggest new solutions to reduce the
risks of MSD through design. The literature also suggests using similar techniques to identify solutions to
ergonomics related problems. For example, a brainstorming technique involving experts to help design new hand
tools to reduce the risk of developing MSDs had been reported [42]. However, it is not clear what specific
techniques the study used to induce ideas from the experts.

The survey further showed that presenting and checking the feasibility of design information is important
and revealed additional elements that the practitioners deemed necessary to make the design activities/process
more comprehensive. For example, the ability to record the rationale behind the user requirements and prioritise
and share design information among stakeholders were deemed important. In a study consisting two
questionnaire surveys that included 60 German QFD practitioners [43] reported similar requirements such as the
possibility to easily visualize design information, represent information graphically and record information for
knowledge reuse. However, detailed study of these aspects is necessary.

Respondents stressed that ‘recording of knowledge for improvements/future applications’ to be highly
important and that automated data processing would be preferable. It has been reported in the literature that
knowledge reuse is important for effective design and attempts have been made to provide solutions to the
existing problems. As evidence, the literature reports that after studying the requirements in relation to data
storage and retrieval, a prototype knowledge management system had been developed for decision support [44].
Functions of the system included, for example, functions for representing context with informal components and
easy access to process knowledge. There have also been reports on instances where databases have been used
when developing design methodologies. For instance, describes a software-based design system for concurrent

engineering where environments for data and knowledge bases have been proposed in the literature [45].
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However, specific information related to the integration of databases to manage design knowledge with respect
to reduction of work-related MSDs was not found in the literature.

In the interview study, a prototype integrated design tool was used to facilitate more in-depth discussion
with the practitioners on the design process and reducing work-related MSDs. To achieve this, all of the
practitioners believed that it is vital to be able to present and visualize design information effectively. In
addition, seven of the practitioners stated that the design principles used in the design tool such as ‘divide or split
up into elements’ and ‘reduce or balance weight’ would be useful to communicate ideas. These were derived
from the 40 TRIZ principles [32]. With reference to the literature on QFD, it has been developed as a tool to
communicate design requirements from the users to the design teams to ensure design quality of both products
and processes [19,20,46]. This could be helpful in realizing the needs of practitioners regarding the management
of design information and enhancing communication.

Another aspect of the proposed integrated design tool was to elicit practitioner views on working through
different stages of the design process. Most of the participants viewed that it is important to guide practitioners
through the design process and accepted that a systematic and transparent way of prioritizing design
requirements is beneficial. Adhering to participatory processes such as the 9-step process [13] and relating the
design process to design models such as the Archer’s prescriptive model [31] could help fulfill this need.
Furthermore, design methods such as axiomatic design [33] and QFD [19] have been developed to facilitate
practitioners in the design process, and these also can be utilized in this regard.

Interviews also provided further insights pertinent to practitioner needs in relation to the design process in
general. For example, all of the practitioners indicated the importance of being able to prioritize the
findings/themes identified/obtained from the users in a systematic manner providing some objectivity to softer
data. All of the practitioners were also enthusiastic about being able to effectively manage and visualize design
information in order to facilitate communication in the design process. Guiding practitioners through any
procedures by providing structure to the design process is reported in the literature, for example it is revealed
that, design methods help guide practitioners by providing structure and resources to complex design issues, and
help deal with excessive amounts of information in the design process effectively [47]. These methods also make
practitioners aware of the often overlooked aspects of design such as regulations, functional attributes, cultural
differences and user centered design.

While appreciating the benefits of following an integrated design process that focused on enhancing

communication and thereby reducing work-related MSDs, the majority of practitioners also had reservations.
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One of the foremost limitations identified was the time needed to follow the sequence of activities in the process
as indicated by the integrated tool. Several comparable issues are identified with regard to collaborative product
development [48], where it discusses that the alleged benefits of collaboration may not always be achieved in
practice. Similar problems are also highlighted in the literature where it is reported that management difficulties
increase exponentially with the increase in scale of design projects [49]. In relation to a study on assessing a
design method, i.e. QFD, using nine industrial applications, concludes that the often-cited claim, ‘shorter time-
to-market’ does not hold valid and has no scientific backing [50]. This emphasizes that naturally structured
procedures would take time to deliver reliable results, and this may be the shortcoming envisaged by the
practitioners in the current study. Consequently, it is important to pay attention to managerial and other factors
such as resource allocation in the design process. In addition, the most frequently mentioned limitation was the
inadequacy of guidance to enable the practitioners to follow a sequence of design procedures, and this may also
be linked to the view regarding time to complete the process. The importance of providing assembly information
in manufacturing is also discussed and an approach to present feature-based design models such as technological
requirements and assembly hierarchies are detailed to understand the assembly processes of products [51]. Such
experiences could be used to fulfill the needs of the practitioners regarding guidance and hence reduce the time

requirement to follow the process.

6.1. Limitations of the study

Although there was a 17% response rate with respect to the registered consultancies, overall, the response rate
was low for the online questionnaire, but the method is cost-effective compared to paper-based and mixed
approaches [52]. However as a rule of thumb, a reasonable estimate for the response rate for online surveys is
11% [53]. In addition, the newsletter notice in the current study was a general invitation for participation and this
can be another reason for the low response rate and as such the sample may not be representative of practitioners
in the UK.

Out of the total of 32 respondents, 23 completed the entire questionnaire resulting in a completion rate of
72%. Some of the practitioners mentioned that they are not involved in the entire design process to reduce work-
related MSDs and hence completed only the relevant sections of the questionnaire. Although guidelines were
followed, another reason for this may be the effect of the online questionnaire layout design and the number of

questions per screen [54].
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The occupations, experience and expertise of the practitioners were in general comparable to the results of a
previous survey of tools and methods used by 308 certified professional ergonomists [37] and a study of 107
ergonomics related practitioners and academics [55] from different parts of the world. It is also reported that
job/task analysis and design (53%), health and safety (42%) and anthropometry/biomechanics (34%) were the
most common areas of expertise [37]. In the current study, the percentage of practitioners that considered
job/task analysis as an area of expertise was 60% and that for anthropometry/biomechanics was 53%.

The questionnaire study adopted a survey technique and provided only an elementary review of the design
process. This is an inherent limitation of questionnaire survey techniques [56]. For this reason, extensive study is
quintessential to evaluate the process in-depth. Expert evaluations where the processes or systems are evaluated
by experts to identify capabilities and limitations are suitable for such analyses [57]. Thus, the interview study
that was conducted using a prototype tool and a walkthrough approach to evaluate in-depth practitioner views is
justified.

However, the results of the interview study may also have been affected by inherent limitations in
conducting interviews such as the respondent’s skill at self-observation [58]. Another limitation of the interview
approach is when data saturation is assumed, but without any explanation of what it means and how it occurred
[59]. Thus, recognizing the saturation point presents a challenge to qualitative research. In the current study
however, no new themes emerged when the number of interviews reached eight suggesting data saturation and
indicates that the sample size was probably adequate. Interestingly, a study provides insight into the number of
participants required to evaluate a web-site from a study that involved a rigorous usability testing methodology
[60]. It shows that six to nine participants were needed to evaluate, despite the general agreement in the literature
that suggests four to six as appropriate.

Furthermore, walkthroughs followed by in-depth interviews with the practitioners helped to identify needs
of the practitioners regarding the design process, but this approach can only provide limited information and may
be biased [57,58]. For instance, it is reported that interviews may not yield all relevant issues due to the fact that
interviewees are not always qualified to judge every aspect of a product or a process [57]. Although interviewing
eight experienced practitioners reduced such shortcomings, further scrutiny of the process may be necessary.

With regard to the participant group for the interview study, all of the practitioners considered managing
ergonomics projects as one of their job responsibilities. Therefore, they can be considered as active in industry.
This reduces the bias that can occur due to a high proportion of one participant group with low experience in the

industry. It is reported that overall, both practitioners and academics demonstrate confidence in the competencies
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expected from an ergonomics professional [61] as listed in the international ergonomics association (IEA)
website. In addition, in a survey of professional ergonomists, 8.8% categorized themselves as educators
indicating that educators also take part in industrial projects as practitioners [37]. These studies minimize

concerns about the relatively high proportion of academics (38%) in the sample.

7. Conclusion

Ratings for the performance of participatory methods currently used by these practitioners were in general
varied. Methods for identifying MSD risks, obtaining user requirements, prioritizing user requirements, checking
feasibility of design solutions, integrating the design process and recording of knowledge for improvements/
future applications were all rated as highly important in any integrated design tool. In addition, the majority of
practitioners also believed that an integrated approach to design in order to help reduce work-related MSDs was
highly important. Other elements such as evaluating design solutions in terms of the cost-benefits of such
solutions would be desirable.

The majority of practitioners that took part in the interview study viewed that methods are particularly
needed to help prioritize requirements, identify solutions, present and manage design information and record
knowledge for future use to help reduce work-related MSDs. The majority also considered that easy to follow
guidance and automated procedures were a priority in any integrated tool. Half of these practitioners viewed that
methods to help them communicate with other stakeholders in the design process and guide them through it were

important.
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