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ABSTRACT

Introduction: Complex sociotechnical systems, such as automotive industry, require a proper macro-
ergonomic approach to design and implement the work system at micro-ergonomic level. The purpose of
this study was to develop and validate effective macroeconomic factors to improve productivity, health
and safety of employees in the automotive industry based on Holden & Karsh model.

Material and Methods: At the first step, relevant documents were reviewed, and then experts were
interviewed to identify macro-ergonomic factors. The identified factors were categorized into four groups
based on Holden & Karsh’s model. In the follow-up phase of the study, then, the content validity of the
factors was calculated using Delphi technique in the form of an expert panel. Finally, validity acceptance
was assessed using mean content validity index, and agreement between experts was evaluated using
modified kappa coefficient

Results: 28 main factors were identified and categorized into four subgroups, including personnel, unit /
department, organization and environment factors. 19 main factors were selected as the effective macro-
ergonomic factors to improve employee’s productivity, health, and safety. The content validity index and
the modified kappa coefficient were calculated as 0.901 and 0.90, respectively.

Conclusion: Macro-ergonomic factors identified in this study can be considered to improve employee’s
productivity, health, and safety in the automotive industry. These factors can be used as specific context-
based criteria for an ergonomic evaluation in the automotive industry, or even be generalized to other
industries, organizations and companies.
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1. INTRODUCTION

Workplace ergonomics is one of essential
component for creating a healthy and productive
workplace. In the automotive industry, workers
are required to perform physical, heavy work;
as a result, work system must be designed using
macroergonomics, and then this design is
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transferred into micro-ergonomics. The structure
of macroergonomics analysis consists of empirically
developed analytical models that examine the
effect of three main elements, including technical
and social systems, namely the technological,
personnel and external environment factors, on the
structure of the organization’s work system as the
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Fig. 1: Development and validation of macroergonomic factors based on the Holden & Karsh model

fourth element. A major objective of this program
is to improve employees safety, health, and
productivity by coordinating micro-ergonomics
and macroergonomics.

Given that in complex technical and social
systems, many factors affect people’s health and
safety, it is necessary to consider individual,
workstation, work environment factors, even
factors related to people’s social environment.
So far, no study has examined or validated the
context-based effective macroergonomic factors in
this industry. Therefore, this study was performed
to compile and validate macroergonomic factors
based on the Holden & Karsh’s model.

2. MATERIAL AND METHODS

This cross-sectional study was conducted in an
automotive industry in 2018. For data recording
and general calculations, Excel software was used.

The steps of the study were as follow:

2-1 Identification of macroergonomic factors
affecting industrial productivity.

2-2 Classification of factors effecting employee’s
performance based on healthcare professional
performance model (Holden and Karesh,
2006)

768

2-3 determination of macroergonomic factors
affecting productivity, safety, and health of
employees based on the Delphi technique
which comprised 5 steps:

* Formation of a team for implementation and

monitoring of Delphi method (5 members)

* Selection of a panel of experts (15 people):

* Conducting unstructured interviews

* Conducting semi-structured interviews

* Analysis of the wvalidity of identified

macroergonomic factors using content validity
ratio (CVR) and content validity index (CVI).

3. RESULTS AND DISCUSSION

The factors obtained in the first round of the
semi-structured interview consisted of 37 main
factors. Then according to the opinion of the expert
panel, 28 main components were conceived to be
essential. The content validity of each factor was
quantitatively measured using the content validity
ratio (CVR) and the content validity index (CVI).
Finally, 19 main factors were determined as effective
factors in increasing the productivity, health and
safety of employees. The average content validity
index of these factors was calculated as 0.901, which
assigned an acceptable score for the acceptance of
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Table 1: Content validity analysis of macroergonomic factors related to productivity and employee health and safety

Macroergonomic
factors

Subfactors Necessity Relevance = Simplicity Clarity

And And And
Specifity Fluency transparency
Demographic characteristics 0.73 0.93 0.87 0.80
Anthropometry and physical abilities 1 0.93 0.93 0.93
Psychological characteristics 0.47** 0.67 0.60 0.73
Expertise and knowledge 0.73 0.93 0.87 0.87
Related t 1
clated o personine Degree of professionalism and level of skill 0.60 0.80 0.80 0.87
Career and professional relationships 1 0.93 0.80 0.93
Favorite task 0.87 1 0.93 0.87
Job satisfaction 0.47*%* 0.87 0.80 0.80
Physical characteristics of work 0.87 1 0.87 0.93
Time aspects and sequence of work 1 1 1 1
Related to the Job content 0.60 1 0.93 0.80
unit/department Work stress and workload 0.87 0.93 0.87 0.93
performance evaluation 0.47** 0.73 0.87 0.80
Level of automation and technology 0.87 1 0.87 0.93
Macro ergonomic interventions 0.73 0.87 0.87 0.87
Employee participation 0.60 0.93 0.87 0.87
Organizational priorities 0.87 0.93 0.87 0.93
Organizational and management structure 0.47%% 0.73 0.67 0.73
Related to the
i1 %
organization Opportunities for advancement and career 0.33 0.87 0.80 0.87
development
Resources and costs 0.60 0.80 0.87 0.87
Reward systems and recognition of 0.33** 0.80 0.93 0.93
personnel
Training provided 1 1 1 1
Physical aspects of the work environment 1 1 0.93 1
Physical layout and deployment type 1 1 0.93 0.93
Organizational atmosphere and culture 0.60 0.80 0.93 0.93
Related to the
environment Social norms, extra-organizational rules 0.20** 0/60 0.73 0.67
Quality and customer orientation 0.20** 0.73 0.67 0.73
Work-family balance 0.60* 0.80 0.60 0.60

**Factors that were rejected by experts due to CVR being lower than the acceptable value (0.49).
*Factors whose CVI was less than the acceptable value (0.69) were eliminated.
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Table 2: Macroergonomic factors affecting productivity and employee health and safety

Macroergonomic

factors

Subfactors

Demographic characteristics
Anthropometry and physical abilities
Personnel factors Expertise and knowledge
Professionalism degree and skill level
Career and professional relationships
Favorite task
Physical characteristics of work
Unit/department Time aspects and work sequence
factors Job content
Work stress and workload
automation and technology Level
Macro ergonomic interventions
Employee participation
Organization factors =~ Organizational priorities
Resources and costs
Training provided

Physical aspects of the work environment
Related to the

P, Physical layout and deployment type

Organizational atmosphere and culture

The value of CVI including the average CVR of the remaining factors = 0.82

S-CVI/Ave value = average of I-CVIs = 0.901
The average value of K coefficient of the items = 0.90

S-CVI/Ave. Also, the kappa coeflicient of each item
was higher than 0.74, which indicated an excellent
agreement among experts. In this way, the final list
of macroergonomic factors affecting productivity,
health and safety of employees in the studied
industry was obtained.

4. CONCLUSIONS

The results of this study are fundamental,
practical, and valid and can be used as a reference
for evaluating the macroergonomic climate in the

[ DOR!00112251807140112451]

0.73 0.87 0.87
1 0.93 0.93
0.73 0.89 0.89
0.60 0.82 0.82
1 0.89 0.89
0.87 0.87 0.93
0.87 0.87 0.93
1 1 1
0.60 0.91 091
0.87 0.87 0.91
0.87 0.87 0.93
0.73 0.87 0.87
0.60 0.89 0.89
0.87 091 091
0.60 0.84 0.84
1 1 1
1 0.98 0.98
1 0.95 0.95
0.60 0.89 0.89
0.82 0.901 0.90

automotive industry and even other industries,
organizations, and companies. Certainly, more
studies are needed in the future, so the validity of
these factors can be investigated in other industries,
organizations and companies and studied with
more accuracy and with more accurate validation
tools.
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