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Abstract

The aim of this study was to create ergonomics and human factors awareness and wakefulness in a
Pharmaceutical Manufacturing Company with emphasis on understanding the importance of improving safety,
health, and work condition. The study sought to develop and implement one kind of “Job enrichment” with
the purpose of improving employees’ competence and also to motivate participation at the workplaces in an
‘appreciative way’. The survey approach was used. Data was collected from 60 selected individuals from
different organizational levels using the participatory ergonomics process that entailed the use of an action-
checklist and ergonomic checkpoints, as well as the review of organizational documents. Eighty seven percent
of these study participants were male while the remaining 13% were female. The participants had an average
age of 38 years with the standard deviation of 9.74. They had 11.81 years of service in average with the
standard deviation of 9.76. In the data collection procedure, technical sessions, based on action learning, which
lasted for 30, 25 h, or 1657 man h, was also held for the participants. In the data collection, the participants
were made to study the action-checklist before and after completing the ergonomic checkpoints. This resulted
in a 0.3 percent improvement in the technical capabilities of the participants and improved their social skills and
their interest in participation in the company during this study. Based on the analysis of participants’ feedbacks
on the implementation of different work evaluation approaches and their reflection from learning, key findings
were made through intentional learning, based on a systemic pre-intervention ergonomics work process on how

the participants could be empowered in technical and social skills.

Keywords: Ergonomic checkpoints; Job enrichment; Participatory
ergonomics process; Appreciative inquiry and way; Industrially
developing countries

Introduction

Necessity for applying action-checklists and various
checkpoints in industrially developing countries

Various action checklists have been developed for different
purposes, usually as tools for prioritizing action plans in ergonomic
design or redesign, comparative studies and training [1,2]. There are
also other types of ergonomic checkpoints listed by Kogi [2], applied
through serial participatory steps, that have been used in training
programs to improve workplace conditions in small-scale workplaces
in Industrially Developing Countries (IDCs) in Asia. Described these
checkpoints as generally a compilation of practical improvement
options in a broad range of technical areas, such as materials handling,
workstation design, physical environment and work organization.
Usually, “action checklists” comprising the tiles of the checkpoints are
used together. A clear focus is placed on readily applicable low-cost
options. Three common features of these various checkpoints appear
to be important. ‘First, the checkpoints represent typical good practices
in multiple areas. Second, each how-to section of these checkpoints
presents simple improvements reflecting basic ergonomic principles.
Third, the illustrated checkpoints accompanied by corresponding
checklists are used as group work tools in short-term training courses’
[2]. Ergonomic Checkpoints have been developed with the objective
of offering practical, low-cost situations to ergonomic problems,
particularly for small and medium-sized enterprises ‘A participatory
approach is also the most effective and sustainable way to promote
and practice ergonomics in developing countries’ [2-5]. However,
organizations ability to access ergonomics knowledge is usually

very difficult, especially in IDCs [6]. For this reason, the building of
ergonomics awareness and furthermore, the awakened need of change
is certainly the first phase of an intentional learning for the proposed
model for ergonomics intervention programme technique process [6]
or the application of ergonomics to work system [7]. As found by Helali
[6], there is the need to pay attention when presenting and applying
different ergonomics intervention techniques with three different
‘process phases’ (i.e., Routine task/Pre-intervention, Modified task/
Process intervention, and new task/Post-intervention) in industrial
firms in IDCs, such as Iran.

The use ergonomic checkpoints in iran

The concept of ergonomics is broad, system-oriented and
interaction-related [6,8] with a focus on understanding [6,9]. Action
learning is also ‘a continuous process of learning and reflection with an
intention of getting things done. Through action learning individuals
learn with and from each other by working on real problems and
reflecting on their own experiences [10]. The action learning approach
is adapted to support participants’ involvement by doing or to show
how ergonomics ‘know-how’ (i.e., learning by doing) can be introduced
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by management into organizations [6,11,12]. For this reason, [13]
has emphasized the use of the combined methods. This is because,
very often, two or more of the classic technique methods are used
together in carrying out a Macroergonomic analysis, intervention, and
or evaluation [14]. In a study by Helali [15] in which the Ergonomic
Checkpoint was used to supporta participatory ergonomic intervention,
based on an action learning in an IDC, it was observed that the use of
the participatory ergonomics process at the organizational level could
bring a positive cultural change in the workplace [16,17]. Based on this
finding [15], made the following postulations relative to the collective
use of the ILO ergonomics checkpoints book; your/our limitation is not
people or managers and top managers at work or the big cultural issue
of teamwork. Your/our limitation for the promotion of ergonomics
may be that your/our knowledge and experiences within the IDCs are
not yet sufficient. These postulations brings to the fore the participatory
ergonomics issues concerning the ability to train people (as a facilitator
role) in organizations in IDCs, and how reflective learning and
action [6,11] can be used to guide the effective application of the ILO
ergonomics checkpoints book as well as the different ergonomics
intervention techniques in an IDC like Iran. The purpose of this study
therefore, was to create ergonomics and human factors awareness
and wakefulness in a Pharmaceutical Manufacturing Company with
emphasis on understanding the importance of improving safety,
health, and work condition. In other words, the study sought to
introduce “Job enrichment” in the company’s work environment that
could enhance employees’ competences, and motivate employees’
participation in an ‘appreciative way’ through the development and
implementation of techniques for systemic ergonomics intervention
work. This study was therefore underlined by the following question:
“How can pre-ergonomics intervention work, using participatory
ergonomics approach, be introduced in the Pharmaceutical and
Hygienic Manufacturing Company, in order to ensure the successful
“job enrichment” of the employees’ work environment towards
appreciative participation and enhanced competences.

Importance of ‘Macroergonomics Attitude’ and

Necessity of Employees’ Involvement

Helali [6] has observed that it is insufficient for firms rely on only
training; awareness creation; ergonomics; and interventions when
addressing safety, health, and ergonomics issues. For this reason, he
noted that both practical learning and reflection learning should be
provided at all levels of the organization. Such provision could lead
to the emergence of better organizational interactions, underlined
by macroergonomics attitude in firms, when implementing systemic
ergonomics intervention at the workplace [12]. According to
Hendrick and Kleiner Brian [14], macroergonomics is top-down
(i.e., strategic approach to analysis), bottom-up (i.e., participatory
ergonomics), and middle-out (i.e., focus on processes). Central to
Macroergonomics is the expectation that analysis and design of work
system will be participatory in nature [18,19]. The use of participatory
ergonomics interventions methods in the workplace by firms in both
Industrialized Countries (ICs) and Industrial Developing Countries
(IDCs) have found increasing applications [6,20-25]. For this reason,
participatory ergonomics can be regarded as a philosophy, an approach
or strategy, a program, or a set of techniques and tools [24]. Wilson
and Haines define participatory ergonomics as the involvement of
people in planning and controlling a significant amount of their own
work activities, with sufficient knowledge and power to influence
both process and outcomes to achieve desirable goals [24,26]. Thus,
participatory ergonomics is complex and diverse. This means that there
is a range of models and ways of carrying out participatory ergonomics,

and a multiplicity of tools and methods employed within participatory
ergonomics initiatives [24]. Participatory ergonomics is therefore
viewed as offering a common set of advantages [24,27]. For this
reason, as noted by Haines and Wilson [28], several varying methods
have been developed for use in participatory ergonomics initiatives.
Since participatory ergonomics require employee involvement [29],
has argued that using different employees’ involvement techniques
often provide different effects, and by implication underestimating
the techniques potential. As such, the employees’ involvement
process entails the use of the entire capacity of workers, designed
to encourage employees’ commitment to organizational success
[29] points out that it is not a true unitary scientific concept, but
rather a useful catchall term for a variety of approach, all of which
employee participation (p: 3)’.

In this study, therefore, the involvement of employees (workers,
supervisors, and managers) was used as an approach in a collaborative
process towards encouraging them to use their whole capacity and
commitment in their works while improving their learning potentials
and increasing organizational knowledge. For this reason, participatory
ergonomics approach is viewed as an involvement of employees (at
the different organizational levels) with the purpose of getting their
contributions to the design and analysis of ergonomics-related issues
[15,24,30,31]. Thus, ‘involvement in an ergonomic development and
implementation process can lead to faster and more thorough learning
of a new system or procedure that, in turn can result in reduced training
costs and improved job performance’ [30]. The long-term implication
of using participatory ergonomics is that individuals will be able to
exert some control over their environment. According to Noro and
Kleiner [31] this would lead to feedback, self-determination, and self-
regulation, helping the end-user to improve their work environment
and working conditions.

Methods
Material and procedure

In this study, the Farsi version of the Ergonomic Checkpoints (ILO,
2015, Edition Free) which provides practical and easy-to-implement
solutions for improving safety, health and working conditions was
used to guide the data collection tool in an appreciative way [32,33].
This Farsi version was a direct translation of the original Ergonomic
Checkpoints [16] developed for application in both industrial
developed and industrial developing countries. It is comprised of
a checKklist, checkpoints on 9 different topics, as well as important
principles concerning safety, health and ergonomics. The nine
topical elements are as follows: materials storage and handling (17
checkpoints), hand tools (14 checkpoints), productive machine safety
(19 checkpoints), improving workstation design (13 checkpoints),
lighting (9 checkpoints), premises (12 checkpoints), control of
hazardous substances and agents (10 checkpoints), welfare facilities (11
checkpoints), and work organization (27 checkpoints).

The study participants, who constituted a wok group, included
managers, heads, supervisors, HSE personnel and workers. In all sixty
(60) participants were selected out of the company’s population of two
hundred and seventy (270) employees. The sampling methods used in
the particpants’ selection included the complete count method for the
HSE personnel and the simple sampling method for the workers. The
demographics of the particpants is shown in Table 1.

According to Table 1, the average age of participants in four groups
of managers, supervisors, HSE unit personnel and operational staff was
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Variable Middle Diploma MA PhD Degree
School and diploma (Number %) (Number %) Degree (Number %) (Number %)
Managers 1(%16/6) - 2 (%33/3) 3 (%50)
Supervisors 7 (%63/6) - 4 (%36/3) -

Education level -
HSE unit personnel

Operational staff

Management
Sex Supervisors
HSE unit personnel
Operational staff

Managers

Age Supervisors

(years)
HSE unit personnel

Operational staff

Managers
Supervisors
HSE unit personnel
Operational staff

Work experience (years)

2 (%66/6)
32 (%78)
Men (Number %)

- 1(%33/3)
5 (%12/19) -
Women (Number %)

1(%16/6)

1 (%9/09)

1 (% 33/3)

5 (%12/19)

4 (%9/75)

5 (%83/3)

10 (%90/9)
2 (% 66/6)
36 (% 87/8)

Average Standard deviation

50/16 9/28

41/72 8/36

47 10/58

34/56 8/02
Average Standard deviation

18/66 12/16

16/81 10

18/33 12/58

8/60 7/98

Table 1: Data related to distribution of respondents based on personal Information of participants in a two-stage investigation of checklist and questionnaire with a common

code for each participant.

50/16, 41/72, 47, 34/56 years; average of the experience of respondents
in each group was 18/66, 16/81, 18/33, 8/60 years, respectively.

Based on Table 1, most of the participants in the group of managers
have a postgraduate or PhD degree while HSE unit personnel have a
diploma or PhD degree. In the operational staff group, most staffs have
a diploma or MA degree. All subjects in the managers’ group sample
included %83/3 men and %16/6 women. In the supervisors group,
all subjects included %90/9 men and %9/09 women. In HSE unit
personnel, all subjects included %66/6 men and %33/3 women. Sample
of operational staff also included %87/8 men and %12/19 women.

Table 2 shows the distribution of participants who respondents
according based on business unit in separated organizational posts.
In the managers’ group, largest group of respondents was related to
business unit. In the supervisors group, most responses were related
to the production unit of non-antibiotics while in the employee group,
most respondents were in the official and packaging production units.

It should be explained that HSE unit was working in the form
of a single unit (rather than separate units) in the related company.
Therefore, there was no need to unit separation.

As observed in Table 3, the technical sessions held for the
participants lasted for 30, 25 h, or 1657 man h, totally.

In the procedure for data collection, the ELMIRI ergonomics
index [34] was used as a guide for the selection of problematic working
areas. The checklist was firstly used, followed by the application of the
“Ergonomic Checkpoints” [16], after which the checklist was applied
again. A simple questionnaire was then used in two stages to collect
feedback about the checklists. A review of organizational documents
and minutes of the HSE Division for the previous three (3) years prior
to this study was then conducted. Project evaluation exercises was
carried out variously, as outlined in the sections below, by organizing
evaluation workshop, interviewing participants for feedbacks, and
holding technical appraisal meetings with the senior managers during
a one-year period leading to 2012.

Applying an ergonomics index to propose “what is the
ergonomics conditions before the starting of the study?” by an
expert of department of HSE: ELMIRI ergonomic index [34] was
introduced by a Finnish institute to evaluate ergonomics checkpoints.
A health expert with the company employed the index to determine the
ergonomic condition at the beginning of a study titled “where are we
ergonomically?” using ILO’s checklist of the ergonomic checkpoints
(2010) (Table 4).

Applying the checklist before introducing the ergonomic
checkpoints book

The first set technical sessions: To avoid disrupting daily work in
the company, the people under study: were divided into small groups
so as to be provided with better training and learning. This method
was applied to different levels of the company in the form of technical
sessions for the first time.

In the first round of the meetings, the attendees were provided
with explanations on how to fill out the checklist of the ergonomic
checkpoints as well as explanations on the research’s procedure. Also,
the checklist taken from ILO’s “Ergonomic Checkpoints” (2010) was
provided to the attendees as mentioned below: At the first meeting,
the attendees were divided into four groups: Group one (including
people engaged in production activities plus people engaged in service
and transportation activities), group two (including people engaged in
production activities plus people working in the warehouses), group
three (including people engaged in production activities plus people
from the technical and engineering department as well as people from
the security department) and group four (including people from the
administrative department plus people working in the laboratory).
Also, the participants were advised on how to fill out the checklist of
the ergonomic checkpoints in a better manner. Each meeting held for
each group of people lasted for one hour. Also, the managers were
separately provided with explanations on how to fill out the checklist,
and sample checklist were completed for them.

Applyingasimple questionnaire for the first time: A questionnaire
was designed to achieve a better understanding of the feedback from
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Technical Laborat d Production
. Official = Sentry ecnnica Store aboratory an N (%)
Variable o o Engineering o Research . .
N (%) N (%) N (%) N (%) N (%) packing Productionof Productionof o .. o
9 antibiotics | non-antibiotics yrup mg
Managers = 3 (50%) - 1(%16/6) | 1(%16/6) - 1(%16/6) - - - -
. §uper - 1(%9/09) 1 (%9/09) | 1(%9/09) - 2 (%18/18) 3 (%27/27) 1 (%9/09) 1(%9/09) = 1 (%9/09)
Business visors
Unit HSE unit | 3 (%100) - - - - - - - - -
Operational o o o o o 10 o o o o
staff 10 (%24/39) 3 (%7/31)| 3 (%7/31) | 4 (%9/75) 2 (%4/87) (%24/39) 3 (%7/31) 3 (%7/31) 2 (%4/87) | 1(%2/43)
Table 2: Distribution of respondents based on business unit in separated organizational posts.
Number of participants Total technical Total technical session duration
Session Topic G Group Group | Group session duration in terms of man hour (60
roupone o three four (hour) participants)
Familiarity with the research project and
Session one how to improve safety, health and working 20 20 20 - 4.5 270
conditions
Session two | Familiarity with how to fill out ILO's checklists 18 18 18 6 3.5 210
Session three Material storage and handling standards 18 18 18 - 4.5 243
Session four Productive machine safety standards 18 18 18 - 4.5 243
Session five Hand tools standards 30 - - - 1.5 45
Session six Improving workstation design and lighting 24 18 18 } 45 243
standards
Session seven Work organization standards 24 18 18 - 4.5 243
Session eight Familiarity with how to fill out ILO's checklists
9 in the second stage 60 0.25 (15 minutes) 15
Session nine Evaluation workshop 58 2.5 142.5
Total - - 30.25 1657

Table 3: Technical sessions and their duration in terms of hour and man hour.

Action Category Levels*12345
Ergonomics Index 81-100 61-80 41-60 21-40 0-20

*Action categories:

1) Working conditions are acceptable (Very good ergonomics condition=1). Also,
attention should be focused on priorities.

2) Working conditions are acceptable (Good ergonomics condition=2) and
corrected measures may be needed. Attention should be focused on priorities.

3) Further investigation and intervention is needed by Intervention team (Average
ergonomics condition=3). Corrective measures are required. Attention should be
focused on priorities.

4) Further investigation and intervention are needed by group work (Poor
ergonomics condition=4). Corrective measures are required soon. Attention
should be focused on priorities.

5) Further investigation and intervention are needed by group work (Very poor
ergonomics condition). They must take corrective action. Corrective measures are
required soon.

Table 4: Guide for the selection of problematic working areas checklist.

the checklist usage. The questionnaire included open-ended and close-
ended questions on six topics including “research”, “technical session”,
“checklist”, “learning”, “teamwork”, and “research continuation”. The
close-ended questions provided options such as “to a very high extent”,
“to a high extent”, to a low extent”, and “to a
very low extent” based on the Likert scale. Each option was assigned a

score ranging from zero to 4.

» o«

to a medium extent”,

Applying the checklist after introducing the ergonomic
checkpoints book: The second set technical sessions: ILO’s
“Ergonomic Checkpoints” (edition 2010) was translated and typed.
Each checkpoint provided by this book was consisted of two parts:
one page contained various headings such as “relevant topic”,
“why”, “how”, “Some more hints” and “let’s remember”, and the
second page contained pictures related to the topic. The checklist of
the checkpoints was handed to the participants before the technical
sessions start.

First, the checklist was distributed among the participants before
the sessions by referring to their workplace so as to help them get
prepared for the sessions. They were asked to read the checklist and
share possible ambiguities with the HSE department, where the first
author (as an internal facilitator) was stationed, before the sessions
start in a bid to help them understand the checklist better and take
part in the sessions with better preparations. The participants were
divided into three main groups based on previous consultations with
the managers of the production unit. The first technical session was
titled “materials storage and handling standards”. Each participant
presented his checklist and raised ambiguities associated with it
during the meeting. In general, the related issues were discussed by the
attendees. The second session dealt with hand tools standards, namely
the second topic on the “Ergonomic Checkpoints”, which covered
14 topics. The checkpoints were discussed by the technical personnel
and all the supervisors because of the importance attached to them.
Each person presented his own checklist, and the technical personnel
expressed their viewpoints for each topic thanks to their expertise.

The next technical session concerned the third topic on the
“Ergonomic Checkpoints”, dubbed “machine safety”, which covered 19
topics. Some of the attendees showed creativity and innovation when
making presentations and presented their checkpoints in a narrative way.

The session on improving workstation design and lighting was
attended by the managers of the company. There were plans to invite
to the meeting all the personnel and supervisors who had presented
their checkpoints successfully in the previous sessions. A number of
checkpoints related to improving workstation design and lighting
that covered more important and relevant topics were selected to be
presented during the meeting given the shortage of time. All the related
checkpoints had been handed to all the personnel two days before the
meeting so that they could have enough time to study them.
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The seventh session, attended by the managers, dealt with work
organization, namely another topic covered by the “Ergonomic
Checkpoints”. Some 15 important points related to this topic were
provided to the personnel to be presented during the meeting. The
attendees experienced stress on the day of the meeting due to the
complexity of managerial issues, which many of them personnel
believed, had nothing to do with them. They complained that the
materials could not be presented through the use of figures since they
were different from the previous ones and difficult to memorize. All the
three groups attended similar sessions covering the same topics during
this period.

Besides, the first author of this article was beside the groups serving
as the internal facilitator before and after the sessions. All the three
groups were provided with tips on how to recomplete the primary
checklist of the checkpoints in a final session so as to enable them to
fill out the checklist accurately and submit them to the safety & health
department. Each participant was assigned an identification code with
regard to completing the checklist and questionnaires in two stages.

Applying the simple questionnaire for the second times:
Few additional open-ended questions were added to the original
questionnaire, which was completed by the participants.

Review of organizational documents and minutes of HSE
division during the last three years: Information about health-related
cases concerning musculoskeletal disorders and diseases was collected
from the health and safety department, and the rate of the incidents was
examined. Also, data related to training courses and monthly meetings
of the health and safety committee held over a three-year period were
collected and examined.

Project’s evaluation

Evaluating workshop: A workshop titled “what we learnt and
where we are” was organized by the external facilitator (the second
author) to evaluate the research project. The workshop, attended by 58
participants out of the total 60 participants, was held at the restaurant
of the company after the working hours and lasted for 2.5 h. This 2.5-
hour period was added to the working hours of the personnel, who
were also provided with transport services.

First, the attendees were asked to share their viewpoints and explain
what they had learned from each other during the research project. The
viewpoints of the participants were written down on a paper posted
on the wall. Then, a model of the participatory ergonomics [28] was
presented to the participants and they were told to which deliberate
learning processes they had been exposed during the study. Then, six
working groups were formed on a random basis to examine issues
such as involvement aimed at participation and cooperation, trust,
motivation, and qualification (technical and social skills) as well as
the whole process for 20 minutes. Following that, each working group
presented their results written down on papers posted on the wall for
5 minutes. The participants raised their questions after each group
finished with presenting its results. The groups were also applauded
by their colleagues. Meanwhile, the second author (the external
facilitator), elaborated on the concept of the participatory ergonomics
and differences between Macro and Micro ergonomics concepts,
involvement aimed at participation and cooperation, the need for
practical learning and its difference with theoretical training courses,
the importance of research with the personnel and the company in the
appreciative way, the role of facilitators, and the difference between
technical sessions and training courses held in companies. The second
author also explained what the above mentioned topics meant in a

simple language. All the technical sessions and the evaluation workshop
were taped and documented. A three-minute documentary clip about
the whole process was produced after the workshop.

Interviews: One supervisor and a worker who was not primarily
interested to take part in the technical sessions and also one of
company’s HSE experts were interviewed. These participants were
asked to offer their viewpoints on the whole research project and the
negative and positive outcomes of this type of research. The viewpoints
were interpreted as a meta-reflection on the technical feedback based
on the learning of reflection method.

The technical top managers session: At the end of the research
project, the internal and external facilitators (the first and second
authors of this article) held a two-hour technical meeting with 15 top
managers of the company. During the meeting, a PowerPoint report
on the research project was presented and the project’s results were
discussed by the attendees. Also, the external facilitator (the second
author) explained issues such as what could be materialized with the
support of the midlevel and senior managers, why the need for support
is of great importance, which model of ergonomic intervention
program technique process [6] had been exercised as a pre-intervention
work process there, and how the participants attending the evaluation
workshop evaluated their own performance. Questions raised by the
managers were also answered during the meeting.

Results and Inferences

Result of application of the ergonomics in

Based on the evaluation of the ELMIRI index [34] shown in
Table 4, the results of the ergonomic checkpoints filled out by the
occupational health expert at different departments of the company
showed that the total score given to the ergonomic condition in the
company stood at 41. It means that the ergonomic condition in the
company fitted into level three and in need of further investigation and
intervention by the facilitator intervention team. It also means that
corrective measures should be adopted and that the attention should
be focused on priorities.

A Comparison of results of applying the checklist before and
after introducing the ergonomic checkpoints book

The results of this comparison are shown in Figures 1 and 2, as
well as in Table 5. Figure 1 illustrates the results related to applying
ILO’s checklist before and after holding the technical sessions. It shows
the effects of the technical sessions on safety, health and working
conditions in terms of percentage.

The average, standard deviation, minimum and maximum of the
scores given to safety, health and working conditions before applying
the ergonomic checkpoints show that the minimum scores were low
and that the lowest score belonged to work organization, followed by
control of hazardous substances and agents, productive machine safety
and lighting. These scores increased following the application of the
checklist. The paired t-test also verifies that a significant difference
has been observed in all the branches with the highest effect observed
in control of hazardous substances and agents and the lowest effect
observed in materials storage and handling.

A correlation test applied after employing the “Ergonomic
Checkpoints” showed that all the scores had increased after applying
the book [16]. It means that each topic of the book discussed during
the technical sessions has had a positive effect on the previous and
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Pre-application average

conditions in terms of percentage.

| Post-application average

| difference average

Figure 1: Distribution of average and standard deviation before and after applying the “Ergonomic Checkpoints” and its effects on safety, health and working

3Safety, health and working conditions Aver:age.(standard dewaﬂ?n). Average difference (standard deviation) P value
Pre-application Post-application

Materials storage and handling 83.70 (10.15) 89.23 (9.37) 5.52 (10.55) 0.002
Hand tools 79.41 (12.98) 87.47 (12.23) 8.05 (16.08) 0.012

Productive machine safety 78.99 (16.02) 87.67 (14.54) 8.67 (20.15) 0.019
Improving workstation design 79.94 (15.03) 87.14 (12.15) 7.19 (15.21) 0.001
Lighting 83.52 (15.38) 91.03 (9.82) 15.79 (16.88) 0.001

Premises 80.84 (12.33) 89.23 (10.58) 8.39 (2.05) <0.001

Control of hazardous substances and agents 75.25 (15.25) 91.05 (9.82) 15.79 (16.88) <0.001
Welfare facilities 80.71 (14.53) 88.90 (10.77) 8.18 (16.91) 0.001

Work organization 80.60 (15.29) 87.17 (9.98) 6.56 (15.91) 0.003

Total 83.00 (9.29) 88.90 (8.88) 5.89 (9.34) <0.001

Table 5: Comparison of the results of applying the checklist in two stages measured by the paired t-test.

next topics. The scores given to safety, health and working conditions
increased significantly after the checkpoints were applied. Using a
multiple-regression analysis, variables such as age, work experience
and education were adapted in order to assign scores to the above-
mentioned factors after employing the “Ergonomic Checkpoints”. The
results showed that these variables had no significant effect, but that
the score belonging to before applying the book caused a significant
increase in the scores belonging to after applying the book: the post-
application scores increased by 0.3 for each one-score increase in
the pre-application score, which is significant. Figure 2 shows the
distribution of the total scores above 60.

A comparison of results of applying the simple questionnaire
before and after introducing the ergonomics checkpoints book

Table 6 presents the absolute and relative frequency distribution of
the research units in terms of answers to the questionnaire’s questions,
which related to six different fields of research, technical sessions,
checKklists, learning methods, teamwork, and research continuation,
before and after applying the checklists.

As for the relationship between the participant’s responses to the
questions, options “to a very high extent” and “to a high extent” were

IE —
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score of a ed“r:ungnast’ 'ore applying the
Figure 2: Distribution of the scores assigned to different branches of the
“Ergonomic Checkpoints”.
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Pre-application (%) Post-application (%)
Toa Toa Toa Toa
Study Usefulness very T_o a To-a Toa very very Tp a To-a Toa very P
. high  medium low X high = medium low
high low high low value
extent | extent | extent extent = extent | extent
extent extent | extent extent
1 The research-related 102 | 475 356 | 68 0 153 | 644 203 0 0 P=0.012
explanations were clear to me
o Different stages °ftg‘;;esear°h wereclear | 419 492 @ 322 6.8 0 13.6 61 23.7 17 0 |P=0.113
3 The research was useful for me 39 441 8.5 5.1 34 475 32.2 18.6 1.7 0 P=0.46
Research i i
am glad of choosing this 339 | 339 203 | 102 17 | 356 @ 424 18.6 0 17 P=0216
research
5 I am satisfied with the managers 322 458 | 153 5.1 17 | 356 | 475 11.9 0 34 | P=0427
participation in the research
| am glad that the company 458 322 | 119 85 17 | 525 | 339 11.9 0 0 |P=0.113
has cooperated with the research project
g  Ihesessions aimed at discussing the 119 356 44.1 8.5 0 16.9 492 33.9 0 0 P=0.012
checklists were useful for me
Having got required information in the
9 sessions, | have more knowledge about 16.9 42.4 33.9 6.8 0 39 45.8 15.3 0 0 P=0.000
Sessions work-related problems now
1o ~ Holding such meetings could help solve 447 355 237 17 17 | 4441 39 11.9 5.1 0 P=0.433
work-related problems
19 Thelength oftime allocated to the technical 5, 455 g1 453 102 51 186 542 186 34 P=0.103
sessions was sufficient
12| The checklist's topics were clear to me 10.2 39 441 6.8 0 16.9 64.4 16.9 1.7 0 P=0.001
Checklist i i
13 Standard checklists of this type could help | 5, 5 359 28,8 5.1 17 | 305 @ 424 22 5.1 0 P=0.455
solve my work-related problems
14| | am familiar with the term "ergonomics" 20.3 40.7 32.2 5.1 1.7 37.3 52.5 10.2 00 0 P=0.000
15| | have basic knowledge about ergonomics 3.4 3.9 37.3 16.6 6.8 18.6 66.1 15.3 0 0 P=0.000
The volume of work-related problems are
16 tangible and obvious for me thanks to the 8.5 55.9 28.8 34 3.4 15.3 66.1 18.6 0 0 P=0.011
information provided by the checklist
Learning | can be more useful in solving work-related
Methods | 17 problems thanks to the information provided 18.6 47.5 28.8 1.7 1.7 20.3 45.8 271 0 6.8 P=0.738
by the checklist
It is good that workers, supervisors and
1g Managers are all involved in discussing and | 54 ¢ 54 5 18.6 3.4 17 | 441 | 428 10.2 3.4 0 P=0712
improving safety, health and working
conditions
21 | like teamwork 39 37 22 0 1.7 441 441 8.5 1.7 1.7 |P=0.276
Team 22 This kind of teamwork is useful at my work 22 271 37.3 10.2 3.4 32.3 37.3 371 1.7 1.7 P=0.027
Work ; i ;
Ergonomics teamwork could help identify and | 44 40.7 16.9 1.7 1.7 39 475 13.6 0 0 P=0.433

solve problems in a better way at my work

Table 6: Absolute and relative distribution of the research units in terms of answering the research questions before and after applying the checklists.

assigned high scores, the option “to a medium extent” was assigned a
high score, and options “ to a low extent” and “to a very low extent”
were assigned low scores. The results were collected and analyzed using
Wilcoxon signed-rank test and McNemar’s test.

The Wilcoxon signed-rank test showed no significant relationship
between the responses provided in the first stage and the ones provided
in the second stage. The “Ergonomic Checkpoints® has not been
effective in this regard since the participants had earned required
knowledge about the research during the sessions.

As for the sessions, checklists and learning methods, the statistical
test showed a significant relationship between the responses provided
in the first stage and the ones provided in the second stage, meaning
that the application of the “Ergonomic Checkpoints” has been effective
in this connection.

With respect to teamwork, the statistical test showed no significant
relationship between the responses provided in the first stage and the
ones provided in the second stage since the participants had earned a
high score from the very beginning.

As for research continuation, the McNemar’s test showed no
significant relationship between the responses provided in the first stage
and the ones provided in the second stage, because the participants had
earned a high score from the very beginning and 96.4 percent of the
respondents had given a positive response in the first stage, with the
remainder giving a positive response in the second stage.

The general perception of the participants from the questionnaire’s
open-ended questions in the second stage (after applying the
checkpoints) is indicative of the following points:

o The need for considering the benefits of both the workers and
the organization when improving working conditions.

o The need for cooperation and teamwork to promote
€rgonomics.

o The need for paying attention to ergonomics science and
technology.

o The need of for the support and participation of the managers
and staff in applying ergonomics in practice.
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o The need for observing safety, health and ergonomic rules
through paying attention to practical learning aimed at solving
work-related problems.

o The need for regular cooperation with research activities and
providing scientific support to the company

o The need for regular cooperation and support on the part of
the managers and paying attention to applicable research in the
company.

o The need for cooperation has been emphasized by the
participants: some 98.2% percent of the participants in the first
stage and 100 percent of them in the second stage called for
continuing the research.

Besides, during the technical sessions it was observed that some
of the participants, including the workers, were exposed to the new
learning method (learning in action) for the first time. Some of
them experienced stress due to their low levels of education and the
presence of their managers and supervisors, but they realized after a
while that the atmosphere of the sessions had made it possible for each
participant to put forth their ideas in a simple language by relaying on
their experiences and basic knowledge (tacit knowledge), reading them
from a paper or narrating what they had learned from the checklists.
As a result, they felt more relaxed at the sessions and presented their
viewpoints with greater peace of mind.

Results of organizational documents and minutes of hse
division during the last three years

All the personnel underwent periodical check-ups during the year
and each of them had a health record completed by the company’s
occupational medicine physician and occupational health expert. Based
on the existing documents, the workers had complained about back
pain and wrist pain on numerous occasions. A list of safety and health
issues had been raised during the meetings of the company’s health
and safety committee according to the meetings’ minutes. The minutes
showed that some of the activities carried out over the recent two years
to solve work-related problems in the company included: Conducting
ergonomics evaluation for the packing personnel based on the RULA
method, providing stools, making ergonomic worktables, providing
wheelbarrows for displacing capsules, evaluating workstation posture,
providing educational and sports CDs on backache prevention for all
the personnel and CDs on special exercises for computer operators,
providing more comfortable chairs for those who had to sit at work,
providing trolleys and jumbo machines to the restaurant to be used
for displacing materials and heavy pots, making trolleys, providing
electronic lift trucks to the warehouse to be used for lifting goods to
higher heights, purchasing jumbo machines for different production
units, building loading platforms for all the warehouses to facilitate
displacement of goods, enforcing health regulations for manual
material handling, and purchasing electric lift trucks for the warehouses
to be used for lifting goods to lower heights.

Results of the project’s evaluation

Results of the workshop evaluation with the participants: During
the evaluation workshop, the most important things mentioned by the
participants in answer to the question “what have you learned from
the research project?” included: The need for cooperating with the
research and resuming it as it contributes to improving productivity,
learning technical skills, cooperation and teamwork, examination and
identification of risks at the workplace through achieving work-related
information, familiarity with work-related problems and solving them

with the cooperation of the workers, learning how to deal with work-
related problems, familiarity with relevant standards, cooperation with
the managers, learning to mix experiences and techniques at work,
adopting a deeper approach toward work-related issues, learning
ergonomics as an applicable science, developing a new viewpoint about
how to do the job and identify problems at work, cooperating in doing
the job and using the experiences of the colleagues, familiarity with
different departments of the company and their work-related issues,
taking responsibility at work and in cooperation with others, interest
in the job through satisfaction with cooperation, effective planning at
work through cooperation, contemplation in early stages and planning
and acting in later stages, familiarity with participatory methods
aimed at improving health and safety at work, interaction with others,
reducing work-related costs, and alike.

Inaddition, theparticipantscreatedsixworkinggroupsanddiscussed
a number of questions on their participatory ergonomics process
(including “Why?” and “How?” trust in cooperation; involvement in
cooperation: motives for cooperation; expanding technical and social
skills; the need for adopting a participatory ergonomics approach;
learning and doing the job safely during the evaluation workshop that
its interpretation is indicative of the following points: Realizing the
need for building trust through participation in the learning process
and increasing productivity, Realizing the need for learning from each
other and interacting with the managers and other staff, Realizing the
need for creating the feeling of possession and accountability at work,
Realizing the need for paying attention to competence, creating sound
and healthy organizations, using the capabilities of others and leaning
from them, learning in action, Realizing the need for interaction among
the employees (managers, supervisors, workers), learning in action,
involvement aimed at cooperation and coordination through creating
teamwork committees, contacting scientific centers and Realizing the
need for developing proper methods of doing the job coupled with
mutual respect, as well as the need for learning from each other.

Results of the interviews as reflection learning from some
participant: Table 7 presents the results of interviews with the
participants, including one supervisor, a worker and an occupational
health expert, about the procedure and process of the research project.

Result of the technical top managers session: During the meeting
with the top technical managers, a report on the research work was
presented and its results were discussed. The managers raised their
questions and became familiar with the goals of the technical sessions
and the concept of learning in action properly. They also admitted
and appreciated that the materials were easy to understand and that
they could help each other to easily understand them. Even one of the
top managers taking part in the research project, a person who had
agreed to permit the research, stated that he had primarily thought that
ergonomics had nothing to do with safety and health, but that he had
changed his approach toward personnel health after taking part in the
technical sessions, filling out the checklists and collecting feedback in
two stages. He also said that the research has increased his knowledge
and that of the personnel about correcting working conditions,
expressing satisfaction over the possibility of integrating safety, health
and working conditions in the working environment and calling for
the continuation of the process for the entire personnel.

Discussion and Conclusion

The results and interpretations are discussed from the perspectives
of the following: “the definition of a pre-systemic intervention work”,
“the research model”, “the strategy for the learner at the Centre”,
“using power participatory ergonomics process as a tactic of polling”,
and “reflection learning as the learning of reflection”.
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Interviewee

One supervisor, holding
B.Sc. degree, 30- years
old, 5 years of service in
the Company

A worker

who was  primarily
reluctant to take part in
the technical sessions
holding Diploma
degree, 28- years old, 8
years of service

The company's HSE
expert holding B.Sc.
degree, 39- years old,
3 years of service in the
Company

Interview results Interpretation

Before taking part in the sessions, | knew little about ergonomics. | had just
got some information about it through posters and mottos. When | was invited
to take part in the sessions, | was initially reluctant to do so because of the
volume of my duties and responsibilities, but | became interested in it after
| took part in the first session and found out that it offered a new learning
method. All the personnel, including managers, supervisors and workers,
equally participated in the learning process, something that encouraged their
colleagues to take part in the sessions eagerly. So all the participants were
like members of the same family and each one offered what they had learnt.
The participants gradually lost their stress, and the materials presented during
the sessions were easy to understand. The evaluation workshop was also
useful and valuable for me. During the technical sessions, | became familiar
with the real meaning of ergonomics and realized that it has greatly affected
every aspect of my life, including my personal life. Now, | pay attention to
everything that takes places at work and teach my Subordinates how to do
their work properly. | also pay more attention to lighting, volume and size of
goods, stairs, slope areas, lines, substance handling, discipline, elderly people,
pregnant women, personnel participation, personnel viewpoints, etc. now

Positive experiences and job enrichment have been products
of bottom-up ergonomic approach (participatory ergonomics),
learning in action and also reflective learning. When research is
focused on a company and its personnel, the people learn from
each other in a better way and have better access to their technical
and social skills. They also use those skills in their daily life and
learn how to use them subsequently

| personally was reluctant to present my viewpoint in front of my colleagues, but
| was persuaded to do so after the researcher talked to me. | also gained self-
confidence when | saw that other participants with lower education presented
the checklists in a narrative way in the presence of all the participants. So, |
got interested in the learning method of the sessions.

| had no information about ergonomics before the sessions, but | gained
knowledge about it during the sessions and changed my approach toward
my work, colleagues, equipment, lighting, etc. Now, | try to see everything
through participatory ergonomics. During the evaluation workshop, | realized
that | had already known many of the related issues, but did not know how to
recount them. The sessions were too short. The sessions will be more useful
and understandable if they resume and be held practically at workplace

I had not heard about participatory ergonomics and its importance in the

industry in spite of having some information about ergonomics and taking part

in ergonomics training and posture assessment courses for several years.

Before the research project starts. | always wondered how safety and health

could be related to ergonomics and that which one was of greater importance

in the industry. At the beginning of the sessions, | was very enthusiastic like

other participants. Also, learning new materials based on modern standards

motivated me to continue to participate in the project. It was interesting for me

to see that the other participants had also the same feeling. Some participants

who initially refused to receive the checkpoints or make presentations during

the sessions changed their mind later and showed enthusiasm to receive the

checkpoints and attend the sessions.

Also, some participants who initially offered excuses to avoid attending the The need for the

sessions because of their lower education found the atmosphere of the participatory ergonomics' assistance to the industry sector of
sessions peaceful after taking part in them and became interested in the developing countries such as Iran,

learning method. They realized that the sessions simply aimed to help them The role of action learning, intentional learning and active learning,
learn the materials, which were put in a simple language, and also help them| Interaction between different levels of the organization through
learn from each other. They found out that they could easily learn modern|setting common goals and determining joint activities, Involvement
standards in a friendly atmosphere beside their colleagues. aimed at participation and cooperation in solving work-related
Another interesting thing was that the managers also took part in the problems on the part of the personnel,

sessions, something that motivated the other participants to compete in Reflective learning (learning of reflection) could improve the living
making presentations. The regular presence of a facilitator beside the| condition of the personnel and make them grateful. As a result, the
participants prevented them from becoming stressful and motivated them. As| personnel will be motivated to promote ergonomics in practice to
a result, the participants found out that they could present scientific topics in a share experiences with other colleagues

simple language disregarding their education degree. This research improved

my insight and helped me realize that it is impossible to adopt an isolated

professional approach toward safety and health issues and that it is important

that the personnel also contribute to identifying and solving work-related

problems. When the personnel participate in the problem solving process,

it becomes easier to solve the problems. They also modify their working

behavior when they get more knowledge about reasons behind the problems.

All of these occurred to me as well and made me eager to continue to work

on the project with the participation of all the participants. | would like to share

my experiences with my colleagues so that they also can employ modern

scientific methods at workplace and became familiar with the participatory

ergonomics so as to contribute to solving problems in the industry

Implied knowledge about how mutual respect, building confidence,
and increasing motivation through learning in action and deliberate
learning could contribute to improving technical and social skills

Table 7: Feedback learning and its interpretations for three participants, including one supervisor, a worker and a safety & health expert of the company, taking part in the

research project.

The definition of a pre-systemic intervention work as process [35]. It represents a key factor which requires that employees are

As it is shown in

Figure 3, a frame has been designed to define the firstly empowered if they are expected it positively empower each other.

pre-systemic ergonomics intervention work process prior to using the Based on the empirical evidences from this study, integrating
Ergonomic Checkpoints of ILO (2010). This is a concept of empowerment ~ the aforementioned factor coupled with the creation of a team of
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Figure 3: Frame of a phase method pre-systemic ergonomics intervention work process [7].

facilitators (the authors were the internal and external facilitators),
resulted in a 0.3 percent improvement in the technical capabilities of
the participants, as well as an improvement in their social skills and
interest in participation. The key findings were made through intentional
learning on how the participants could be empowered to self-improve
their technical and social skills, based on the interactive approach used in
the systemic pre- ergonomics intervention work process.

The research model

The findings in this study are signified by the behavioral cybernetics
principles introduced by smith and smith [37,42]. Behavioral
cybernetics deals with human behavior as a self-autonomous and
closed-loop feedback control process and focuses on feedback relations
between individuals and the environment. The research model [36]
indicates that effective internal cooperation programs could be
developed by implementing processes designed for action, feedback
and feedback control in workplace (Figure 4).

Because the model [36,37] proves that learning, action and
control expands among participants over time, changing cooperation
programs (involvement aimed at cooperation and coordination in this
research) from programs externally regulated by the external expert
(facilitator) into the ones internally regulated by organization members
(participants in this research) occurred gradually.

In this study, the participants practically examined the checklists
using their basic knowledge and/or previous experiences during
the technical sessions held in the first stage. They also learned the
materials in detail for a certain period of time, and through the use of
the ergonomic checkpoints and group interaction during the technical

sessions held in the second stage. Following that, the participants
were exposed to a deeper level of learning and vigilance, and played
an active role in learning (active learning) through the creation of an
atmosphere for them to learn from each other during the technical
sessions. The participants witnessed an increase in their mental growth,
managed to make better use of the checklists in the second stage and
observed changes in their knowledge and performance with regard to
identifying risks at work (change in action), thanks to the materials
they consciously learnt from the standard checklists in the first stage,
their better social interactions during the technical sessions, and the
role of the internal and the external facilitators.

Feedback on active participation of the participants in the research
were obtained by asking them to fill out questionnaires in the first and
second stages, holding an evaluation workshop and using a scaffolding
method provided by the external facilitator to discuss topics raised in
individual and group discussions, all of which are elements of cooperative
ergonomics in the whole research process. The feedback provided a type of
job enrichment outcome for the participants, thanks to topics covered and
analyzed by the questionnaires and the evaluation workshop. Also, some
of the participants (including manager, supervisor and worker) as well as
the company’s HSE expert were interviewed and feedback on their active
participation in the study was obtained (active participation with feedback).
The participants’ attitude as well as their perception of different aspects
of the workplace, such as the importance of research, checklists, technical
sessions, learning methods, teamwork, and evaluation workshops changed
after they filled out the questionnaires in the first and second stages (change
in perception). Each stage of the process and the final assessment strongly
contributed to forming active closed-loop cybernetics behavior. Learning,
action and action control as well as continuous learning expanded
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Figure 4: Research model based on Smith and Smith [37] and adapted from Haims and Caryon [36].

among the participants during a certain period of time, and the learning
process and implementation of participatory programs changed from
programs regulated internally by the facilitators and available instruments
to externally regulated programs, leading to mental growth and active
learning among organization members (participants) subsequently.

The strategy for the learner at the centre

Wood et al. [43] expanded Vygotsky’s theory and introduced the
scaffolding concept based on which adults help children to develop their
cognitive skills. An important aspect of scaffolding is that support for
children gradually diminishes as their self-confidence increases. There are
different types of learning theories, but the one proposed by this research
is introduced as a guideline that enables individuals to present what they
know through the use of checklists. But when checkpoints were used in
this research, the participants had to deliberately learn the materials,
employ their capabilities and promote their skills through the guidance
and encouragement of the internal facilitator and their colleagues.
Therefore, the first and the second authors of this article have played the
role of scaffolding for the participants and have helped them pass through
ZDP (See Figure 5, by designing the procedure, providing resources and
discussions, and creating an atmosphere for deliberate learning [38]. A
total of 102 h of research training course for the first author was conducted
by the second author. The first author (internal facilitator) played a role in
a type of special scaffolding covering deliberates learning and learning in
action to contribute to her own job enrichment.

The using power participatory ergonomics process as a tactic
of polling

The model of participatory ergonomics introduced by Haines and
Wilson [28] shows the principles of participatory ergonomics used by
individuals in designing and analyzing work-related problems, through
the employment of different types of involvement approaches introduced
by Brown [39,40], as well as the use of instruments and techniques, such as
checKlists, checkpoints, questionnaires, evaluation workshop, interviews.
This research exposed the participants to the participatory ergonomics
process as an effective tactic. The participants observed an improvement in
their technical and social capabilities and skills through the use of checklists
and checkpoints and through taking part in technical sessions, all of which
created an atmosphere of learning for them.

The statistical results presented in Tables 5 and 6; Figures 1 and 2
as well as the results of the evaluation workshop showed that; putting
trust in participation in each stage of the research, which was associated
with continuous learning, has further motivated the participants and
encouraged them to offer a significant level of cooperation, start
learning from each other, develop the capability to present suggestions
to the organization, and call for applying the results of the research
during the execution of the pre-ergonomic intervention work process.

Involvement aimed at cooperation and participation took place
based on Brown’s three participants’ involvement ways, two of which
were illustrated in Figure 6, i.e., parallel suggestion involvement and
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Figure 6: The nature of a participatory ergonomics cycle (Source adapted from, Haines and Wilson [28]; Brown [39,40].

job involvement. Based on these tactics, the participants presented
their viewpoints in different situation in order to better understand
relevant issues geared towards improving the safety, health and
working condition in the organization. Also, the team of facilitators
helped them improve their merits (technical and social skills), create
the culture of cooperation, solve their work-related problems and
approach safety, health and ergonomics as a whole.

The best type of involvement that occurred in this research was
involvement aimed at cooperation and job involvement [6], which
materialized in the form of an opportunity and idea for job enrichment.
It means that by creating an atmosphere of learning, working with the
participants and the company, seeking assistance from the facilitators
and employing proper instruments, the participants’ learning
capabilities improved and led to their deliberate learning with feedback.
As a result, the participants shared knowledge with each other and
were able to fill out the checklists and understand them in a better
way. This is a manifestation of continuous learning in the participatory
ergonomics process and a type of reflective learning [11].

Lawler Edward [41] explains that one reason behind attaching
importance to personnel participation in today’s world is that the
personnel are more specialized in their own job and can solve existing
problems. He points out that most individuals tend to control the whole
work, something that leads to participation in handling information,

knowledge, compensation, or top-down authority in the organization.
In the participatory ergonomics approach, ergonomists and non-
specialist individuals should also contribute to solving work-related
problems. Ensuring improved motivation and job involvement in the
participative ergonomics approach in identifying and solving problems
related to safety, health and working conditions helped the participants
to interact with the internal and external facilitators.

A concluding thought

Factors which contributed to the success of this research include
the following: 1) Awakened need of change (which materialized
through employing ILO’s “Ergonomic Checkpoints” and appreciating
the need for approaching understanding in the deep health, safety, and
ergonomics and the working condition as a whole in this research);
2) Continuous learning (which materialized through the use of
strategies, tactics and instruments such as checklists, checkpoints,
and questionnaires as well as through learning from each other in
the technical sessions, the reflective learning and the participants’
feedbacks; 3) Integrating the afore-mentioned factors by creating a
team of facilitators, which resulted in a 0.3 percent improvement in the
technical capabilities of the participants and improved their social skills
and their interest in participation in the company during this research
work; 4) ‘A Proposed Model for the Appreciative Inquiry and Way’
could be formulated as a Meta-reflection in Figure 7.
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It is a necessity that such applicable research will be financially
supported by industrial managers and health policymakers in IDCs
so that jobs are further enriched to contribute to improving health,
safety, and working conditions and consideration of the integrating
“Ergonomics, Heath, Safety” at workplaces and also the improvement
of livelihood in the IDC’s industries.
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