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Abstract

Performance of workers can be improved by effective design of work. Several work design factors,
physiological, psychological, technological, organizational and social, have been identified in
research literature. These factors influence the work in different forms, especially in combination
with personal characteristics of workers. Manufacturing technologies are also changing with
adoption of industry 4.0 practices. The objective of the research was to test whether workers with
different personal characteristics had different relationships with work design factors in the
conventional setting. The findings for the current conventional setup are extrapolated on an
industry 4.0 work design model with important insights and observations. Managerial implications
were inferred from the results which indicated age, education and family size as important
variables affecting supervision (Mean u = 4.29) HSE (u = 4.23), training (u = 4.35), aptitude
(u = 4.29), pay and welfare (u = 3.58), job rotation (u = 3.91), feedback (u = 4.47), pace of
operations (u = 4.19), in conventional manufacturing. Old, experienced, educated and married
workers with children give certain initiatives to management, which should be utilized for better
performance in industry 4.0 production work.

Keywords: Human Resource, industry 4.0, personal characteristics, production worker, work
design

Introduction

Industrial revolution changed the entire concept of factory work, introducing division of labor,

mechanization, minimizing the employee skills, increasing employee efficiency through
formulation of scientific management (Taylor, 1911). Work design affects the structure and


https://doi.org/10.17576/geo-2022-1803-01

GEOGRAFIA Online™ Malaysian Journal of Society and Space 8 issue 3 (1-22)
© 2022, e-ISSN 2682-7727 https://doi.org/10.17576/ge0-2022-1803-01 2

functions of the organizations. How work is related to human activity and structure affects every
aspect of the organization. Work design means how the work is conceived, translated and
structured for units and individuals (Torraco, 2005). Design of work is getting enlarged from an
intra organization focus to development of inter organization Supply Chain, moving forward
towards Supply Webs (Bugvi et al., 2021).

The future of industry 4.0 will bring radical change in the way manufacturing factories will
work. These will range from increased automation, higher education in worker, shorter product
life cycles, low design lead time, increased complexity in production and product, work design,
cognitive skills needed and flexibility. With changing demographics of the developed world in
terms of age and experience, the way of doing work through industry 4.0 will be impacted. The
psychological, physical, cognitive and sensory capacities will change as a result of the changing
work design through industry 4.0. With the changing demographics and adoption of industry 4.0,
skilled workforce will be required, training levels will increase, support and assisting technology
will be needed, human resource management models will change, operational knowledge will
decrease and new markets will be penetrated. The required skills for the workers especially the
elderly include learning ability, IT competence, innovation, interdisciplinary thinking, problem
solving, system knowledge, coordination, teamwork and decision making. It will be necessary to
identify age appropriate work design, support, technologies, learning, career development,
salaries, assistance and working norms (Wolf et al., 2018).

Continuous changing work and technology lead to employee problems with morale,
working conditions and safety. The effort of human resource experts is to design work resulting in
efficiency as well as satisfaction for the workers. It is also established that different forms of
employee participation and demographics have a relationship with other factors such as creativity,
performance and motivation (Hamid et al., 2020). With the changing technology, knowledge
levels, integration, demographics, the way work is designed, performed and managed is facing
increasing variations. Training, supporting facilities, career development, skills, competencies and
benefits, all face evolution changes from conventional to smart manufacturing factories.

A detailed model of work design factors explains the relationship between the internal
characteristics such as personal, task and machine. It also elaborates on the external characteristics
of work design such as physiological, psychological, organizational, social and technological
factors with further identification of sub factors. These work design factors result in performance
of workers and outcomes for management (Das, 1999). The work design Model for industry 4.0
work structure has also been developed and presented in literature. This model is a combination of
steps and mechanisms from lean practices, work design, ergonomics and continuous improvement
(Kadir et al., 2019). The comprehensive work design model framework has been used to measure
the work characteristics in conventional manufacturing. The findings ae integrated through
developing understanding under the lens of work design model for industry 4.0.

Production workers are a diverse group having different gender, age, education, experience
and marital status. The variation in perception of work design factors may be different for
production workers having different personal characteristics. There is a need to investigate the
initiatives which workers bring to the manufacturing line due to their personal characteristics. How
these initiatives can be used for the evolving futuristic industrial revolution 4.0 will be
investigated.
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Literature review
Modern industrial management

The design of work is an important component of any organization. The work tasks, elements and
micro motions are classified as being manual or mental. The complete description of the job is
formulated (Davis et al., 2005). Once the job is completely specified and analyzed the worker
requirements, qualification, skills and attitudes are matched with the job. This is the analysis of
internal environment for the effective design of jobs. The external environment and factors also
influence the effective design of jobs (Parker et al., 2017a; Waschull et al., 2020).

The researchers emphasize the changes which occur in the organizational design in the face
of implementation of industry 4.0. In terms of physical work, the manual steps become easier with
less labor intensive work. The shift is towards development of more cognitive skill development
involving electronic and computing devices. The job variety for each worker increases involving
more collaboration and teamwork between the industry 4.0 line and technical workers. The
organizational layers of the manufacturing organization exhibit disintegration of boundaries across
the horizontal and vertical levels. The managerial control and the managerial coordination between
the management and worker increases. The monitoring, tracking and controlling of worker
performance becomes better through industry 4.0 technologies implementation. The role of middle
management increases along with the level of process formalization. The middle management is
empowered, redesigned and reformed for more effective work in industry 4.0. The standardization
of work also occurs resulting in better efficient performance in manufacturing process. Automation
and industry 4.0 have reduced the need to have manned stations resulting in deskilling however at
the same time the transversal skills in relation to IT, computing, electronics and manufacturing
have become more complex and relevant. The abstraction perspective gives a holistic view to the
design of the physical, cyber and digital system. The decision making perspective is of importance
as it gives options to workers regarding initiatives and options towards adding value in the system
and its components. The innovative perspective takes into account the aspects of work in industry
4.0 which involves the unique creative and innovative thinking of the worker. In the developed
industry 4.0, the social interaction of humans will have an impact on how to perform work. Rather
than the traditional social interaction norms, workers will interact in new ways and manner.

Industry 4.0 manufacturing is at an early state of evolution and the transition from
conventional to smart manufacturing has to be managed with the development of understanding
and integration (Fantini et al., 2020). The complete picture of a manufacturing setting can be
obtained by developing understanding of current and future state of the operations, resources,
processes and outputs (Bugvi et al., 2021). The modern development of work based on industry
4.0 technologies requires comparison between base and optimized scenario through Value Stream
Mapping (VSM).

Approaches in industrial work design

There are three approaches in industrial work design. The technology centered approach which
gives the concept of increased automation and the human centered approach which places reliance
on humans. The middle ground is taken by the socio technical approach. To compensate for
technological limitations a human centered approach to designing production systems can provide
most benefit for productivity, reliability, economy and flexibility. Increased automation results in
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extensive capital investment which has to be recovered (Altmann et al., 2017). Despite
advancement of technology in production the role of humans cannot be neglected and has to be
developed further to increase productivity (Mital & Pennathur, 2004; Bgdker, 2016; Paruzel et al.,
2020).

Biman Das formulated the Comprehensive Work Design Model which shows the
relationship among many factors that affect the design of industrial work. A thorough
understanding of the various factors affecting Industrial Work Design is necessary for improving
worker productivity, job satisfaction, safety, health and well — being. The model proposed is one
of the most complete works on work design and involves multiple factors which are exhibited in
the internal and external work design environment. The study of the comprehensive work design
model gives direction on the multifaceted relationships which can be investigated through varying
research methodologies. The factors discussed are human, machine, job, workspace and work
design factors—social, psychological, physical/physiological, organizational, technological and
economical. The sub factors are also identified (Das, 1999).

This Comprehensive work design model has been created after extensive analysis of
literature and other work design models. With the initial development of scientific management
theory, motion study, the quality revolution, techniques and inventions during world war 11,
numeric controlled manufacturing, computing power, internet, automation, flexible
manufacturing, computer integrated manufacturing and now industry 4.0, work design is
continuously evolving in the manufacturing factory and new research models are being proposed
(Kadir et al., 2019). The researchers presented a comprehensive solution providing selection and
analysis framework for industry 4.0 technologies and work. The tool or framework is iterative,
systematic, comprehensive and consisting of Macro, Meso and Micro levels to define the industry
4.0 technological improvement and formulate into a work design mechanism to carry out at the
floor level. The framework developed comprises of lean practices, work design, ergonomics and
continuous improvement mechanisms and is presented in Figure 1.

Performance shaping factors

Some factors are internal to the system and more easily controlled by management. After jobs have
been scientifically analyzed, humans with their characteristics are specified to perform the job.
The Comprehensive work design model has identified these characteristics as age, sex, education,
experience, physique, marital status and intelligence. The correct machines, equipment and tools
are specified to perform the job. The job, with all its tasks is specified, all preparatory, main and
auxiliary tasks are identified along with the work pacing (Das, 1999). The workspace is of
importance and should have neat and efficient machinery layout and environment.

There are a number of work design factors which are inherently external and are generally
less controllable by the manager designing the job. These factors are social, psychological,
physiological, organizational, technological and economical. The sub factors of these work design
factors are given in Comprehensive Model of Industrial Work Design in Figure 2.
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Figure 1. Industry 4.0 work design model framework
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Figure 2. The comprehensive industrial work design model.
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Outcomes of effective work design

The Work Design factors are taken into consideration while designing work and have an impact
through certain outcomes (Bakker & Albrecht, 2018). Effective design of work through
maximizing the benefits of these factors and using them in an optimal way will result in increased
production quantity, quality, job satisfaction, worker safety, health and well-being, lower turnover
and absenteeism, while avoiding strike and slowdown by workers (Das, 1999; Malik, 2018; Parker,
2017). Corporate Social Responsibility towards employees is an established way to enhance
employee response, performance and motivation. The unionization of the industrial unit has an
effect on the Corporate Social Responsibility dimension towards employees (Rahman et al., 2020).

Relationships of personal characteristics and work design factors

It is scientifically and medically established that human beings have different abilities, perceptions
and skills based on the differences in gender and generation. The upbringing, education and
experience give different human beings different perspective towards life and work (Basha &
Maiti, 2017; Peir6 et al., 2020). With the advent of increased automation, IT Technology, internet
of things, industry 4.0 and environmental concerns at the workplace increasing understanding is
required of modern work design (Thatcher, 2013; Duarte & Cruz-Machado, 2017; Fantini et al.,
2020).

It will be important to retain older workers in the workplace for longer periods and ensure
that they remain healthy and productive. Researchers and managers should establish life span
models of work design rather than age free models. Older workers have different experiences,
abilities, values and perceptions (Zacher & Schmitt, 2016). The stress and physical strain felt by
different generation of workers is different (Cadiz et al., 2019). Job satisfaction, organizational
commitment and motivation are different for different generation of workers (Basha & Maiti,
2017). The nature of work may change with seniority. Certain aspects of work may become more
or less valued with age. How people perceive their work with the passage of time and age is an
area to explore (Warr et al., 1998; Hommelhoff et al., 2020).

Organizational job factors such as job rotation, work method, training, problem solving
and goal setting are related with personal characteristics of workers (Dawal et al., 2009). Older,
married and experienced workers are found to be more satisfied with their work. Job satisfaction
increases with age and older workers are found to be more able to adjust their expectations to the
return of their work. Companies should consider the personal characteristics of workers before
setting goals or conversely other organizational job factors (Dawal et al., 2009). Workers having
different personal characteristics, have different ranking of job motivators, exhibit high or low
organizational commitment and expectations of reward (Linz, 2004). Human workers have
personal characteristics alongside the worker attitudes. Humans give the input of personal
characteristics and attitude to the task. The task itself has certain characteristics. The result is
performance and outcomes of the task.

Focus on improving work design
It is the task of managers to improve work design for increased efficiency and to gain competitive

advantage in the marketplace. Humans with their creativity and versatility are a source of gain
rather than loss in the industry (Bakker & Albrecht, 2018; Velada et al., 2007). Utilized effectively
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in a socio technical system human beings can cause substantial gain in productivity and
performance. Meaningful work is a source of satisfaction and economic benefit to the worker
(Cassar & Meier, 2018). It is difficult for designers to predict how the combination of human and
technical system will work when integrated together (Taghavi & Woo, 2017). It has been
established that worker attitudes do not affect productivity and performance. The variation in
performance might be due to task characteristics. However it has been proposed that the
relationship between personal characteristics and productivity be investigated in future (Fletcher
et al., 2008; Shantz et al., 2013). This relationship is exhibited in Figure 3. The industry 4.0
revolution will change work design and will impact the worker through deskilling vs upskilling,
human centered vs technology replacement theories. The work will demand more decision making,
problem solving, innovation, complexity, advanced technological skills and will be focused on
core features of importance (Waschull et al. 2017).

Personal
Characteristics
@ Task Task
Characteristics Izc Performance

Figure 3. Model of personal characteristics and attitudes effect on task performance

Methodology

The research presented was an exploratory investigative study, which was based on a questionnaire
survey given to a group of production workers in industrial units of Pakistan. The methodology in
flow chart form is presented in Figure 4. Manufacturing organizations of Pakistan in the garment,
textile and agricultural machinery were evaluated with all respondents being male. The medium
level enterprises were included in the survey as large and small industries exhibit decidedly
different culture and organizations norm.

The independent variables were the personal characteristics of production workers such as
Age, Education, Marital Status, Experience and Family Size. The dependent variables were the
work design factors which were presented in the earlier research of the comprehensive work design
model presented by Biman Das and listed in Table 1. A pilot study was conducted on 40
manufacturing workers to check the reliability, validity and quality of survey questionnaire, which
was found to be adequate.

The population of the research study was determined to be the production workers. The
worker questionnaire was answered by 230 respondents. These workers were a diverse group with
different ages, education levels, and experience in years; some were unmarried, others married and
having different number of children. The final data set contained 190 cases after consideration of
missing data, outliers, univariate and multivariate errors removal.
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Identification of Work Design Theory & Models

Identification of theory variables

Formulation of Hypothesis

Aims & Objectives

Development of Questionnaire Survey

Pilot Study — Reliability Analysis

Selection of Organizations - Sampling

Data Collection & Analysis

Descriptive — Graphics- Non-Parametric Tests

S N || G e e —

Managerial Implications - Conclusion

Figure 4. Methodology flowchart of the work design study.

Analysis
Personal characteristics of workers

The worker below 30 years of age was considered to be young and assigned a label value of 1
while the worker above 30 years was considered to be elderly and assigned label value 2. Pareto
Analysis was done to infer the cutoff limit for old and young workers. The workers with education
less than 10 years in school were considered as uneducated with label value 1 and workers with
more than 10 years of classwork considered as educated, label value 2. Workers with less than 3
years’ experience were considered as Low experience group (Label value 1), between 3 to 8 years’
experience considered as medium experience group (Label value 2) and worker experience with
more than 8 years considered as high experience group (Label value 3). Pareto analysis was done
to determine the levels of differentiation of the worker experience. Unmarried workers were given
a label value of 1 while married workers were given a value of 2. The family size of the workers
was divided into groups of workers with no children, small family and large family. Small family
group consisted of workers having less than two children and large family had more than 2 child
dependents.
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Data analysis

The data was tested for normality through histograms and normality tests. Histograms indicated
that the data was mostly right skewed and the normality tests also indicated significance values for
data which were not normal. The data was considered to be Non-Parametric. The Kruskal Wallis
Non Parametric ANOVA Technique was considered to be the relevant technique to gauge the
difference across groups of workers divided in age, education, experience, marital status and
family size sub groups (Chavaillaz et al., 2019).

Kruskal Wallis Non-Parametric ANOVA — Analysis of variance is a technique applied on
non-normal data groups where the variance levels of both groups are observed for significant
difference from each other. The ranks of the data are calculated and its distribution checked to
observe the significance obtained (Alharbi et al., 2019; Field, 2013).

The mathematical equation used for calculating Kruskal Wallis Non-Parametric ANOVA
test statistics (H) is given by (1). Where N is total sample size, R, is group sum of ranks and p; is
the group sample size. Significance tests are carried out on the test statistics to infer difference in
the groups according to p < 0.05.

The null hypothesis is that there is no difference in the variance across groups. The
hypothesis is observed at 95% confidence interval. If the value of significance is found to be below
0.05 the alternate hypothesis is inferred to be true which means the variance of the two groups is
significantly different across the population of two groups (Field, 2013).

Results and discussion
Descriptive statistics of work design factors
Table 3 exhibits the descriptive statistics of the dependent Work Design variables. The sample

Size (N) for each of the 31 variables excluding missing data is given in the first column. The
measure of central tendency is exhibited by the mean.
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Table 3: Descriptive Statistics of Dependent Work Design Variables

Factors Mean S.D | Strongly Disagree | Disagree | Neutral Agree Strongly Agree

Work Group 2.81 1.57 28.95% 25.26% 3.68% 20.00% 2.11%

Cohesiveness 446 0.66 0.00% 2.11% 2.63% 42.11% 53.16%

Communication 454 0.55 0.00% 0.00% 2.63% 41.05% 56.32%

Social Union 442 0.53 0.00% 0.00% 1.58% 34.74% 43.68%
Shift Conditions 1.03 1.05 2.11% 47.8%% 47.89% 441% 0.65%

Supervizion 429 0.73 0.53% 2.63% 5.26% 30.00% 41.58%

Pay & Welfare 3.38 1.26 10.00% 13.68% 7.8%% 44.74% 23.68%

Skall 423 0.84 2.11% 3.68% 2.63% 52.63% 38.95%

Aptitude 429 0.81 2.11% 1.05% 6.32% 46.84% 43.68%

Morale 4.33 0.83 1.03% 421% 421% 39.47% 51.05%

Pzychological Motivation 3.94 1.14 6.84% 7.37% 4.74% 47.37% 33.68%

Aspiration 4.09 0.91 2.11% 5.79% 7.37% 30.53% 3421%

Job Satisfaction 3.83 1.19 6.84% 11.05% 6.84% 43.16% 32.11%

Athitude 4.15 0.93 3.16% 4.21% 3.26% 48.95% 38.42%

Pace of Operations 4.19 0.65 0.00% 1.58% 842% 39.47% 30.53%

Attention 3.77 1.11 3.68% 14.74% 3.42% 46.84% 26.32%

HSE 4.23 0.93 1.05% 6.32% 8.42% 36.84% 47.37%

Physical Light 452 0.61 0.00 1.05% 2.63% 40.00% 56.32%

Plant Temp 394 1.16 6.84 7.37% 7.37% 41.58% 36.84%

Environment Noise 3.28 1.23 8.95 21.58% 1842% | 34.74% 16.32%

Layout 427 0.79 1.05 3.16% 3.26% 48.93% 41.58%

Traming 433 0.69 0.00% 2.11% 3.7%% 47.37% 44.74%

Job Rotation 3.91 1.10 421% 11.05% 7.37% 44.74% 32.63%

Incentive 3.35 139 15.7%% 13.16% 14.74% | 32.63% 23.68%

. Goal Setting 448 0.63 0.53% 0.53% 2.63% 42.63% 53.68%

Organizational Problem Solving 4.06 0.52 1.58% 7.89% 3.7%% 32.63% 32.11%

Job Sacurity 4.01 0.98 2.63% 7.89% 7.8%% 49.47% 32.11%

Feadback 447 0.67 0.53% 1.05% 3.68% 40.53% 3421%

Autonomy 349 1.32 7.89% 21.58% 12.63% | 28.95% 28.95%

Technolosical Tachnolozy 4.03 0.93 2.11% 7.37% 6.84% 52.63% 31.05%

b Product Quality 3.87 135 10.53% 11.05% 2.11% 33.68% 42.63%

The variation in work design factors perception due to age

The comparison of means across age groups is shown in Figure 5. The perception of old Production
Workers about the Pace of Operations in the Factory (Mean Rank = 100.34, N = 101) differs
significantly from the perception of Young Production Workers (Mean Rank = 84.18, N = 84)
after the survey was conducted, U Test Statistic =4983.0, z = 2.329, p = 0.020, p < 0.05, significant
result.

Significant Effect of Age on Work
Design Factors

5
4.55
4.29 4.37
4.07
| I
3
Pace of Operations Feedback
Young =QOld

Figure 5. Significant results of age on work design factors.
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The perception of old Production Workers about the Feedback in the Factory (Mean Rank
=101.54, N = 102) differs significantly from the perception of Young Production Workers (Mean
Rank = 84.95, N = 85) after the survey was conducted, U Test Statistic = 5104.5, z = 2.368, p =
0.018, p < 0.05, significant result. The quantitative comparison of age groups with pace of
operations and feedback is shown in Figure 6.

(a) Comparison of Age Groups with Pace of

Operations
70 58
55
60
5. 50
S 40
(5]
% 30
T 20
10 00 21
O J—
1 2
Pace of Operations
Young mOId
Comparison of Age Groups with Feedback
(b)
70 64
60
50 43
39
3 40 34
5
% 30
T 20
10 01 20 3 4
0 — |
1 2 3 4 5
Feedback
Young mOId

Figure 6. Comparison of age groups with a) Pace of operations and b) Feedback.
The variation in work design factors perception due to education

Education is an in dependent variable which causes a significant change in the work design factors.
These changes are presented in Figure 7.

Significant Effect of Education on Work Design Factors

° 4.04 4.08 430
4
3
2
1
0
Rotation Promotion  Pay & Welfare Product

Uneducated m Educated Quality

Figure 7. Significant results of education on work design factors
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The perception of educated Production Workers about the Pay & Welfare in the Factory
(Mean Rank =99.39, N = 152) differs significantly from the perception of uneducated Production
Workers (Mean Rank = 70.34, N = 35) after the survey was conducted, U Test Statistic = 3508.5,
z =3.023, p = 0.003, p < 0.05, significant result.

The perception of educated Production Workers about the Motivation Levels in the Factory
(Mean Rank =99.39, N = 152) differs significantly from the perception of uneducated Production
Workers (Mean Rank = 70.57, N = 35) after the survey was conducted, U Test Statistic = 3480.0,
z =3.066, p = 0.002, p < 0.05, significant result.

The perception of educated Production Workers about the HSE in the Factory (Mean Rank
= 99.25, N = 155) differs significantly from the perception of uneducated Production Workers
(Mean Rank = 78.87, N = 35) after the survey was conducted, U Test Statistic = 3294.5, z = 2.157,
p =0.031, p <0.05, significant result.

The perception of educated Production Workers about the Job Rotation in the Factory
(Mean Rank =98.97, N = 152) differs significantly from the perception of uneducated Production
Workers (Mean Rank = 72.40, N = 35) after the survey was conducted, U Test Statistic = 3416.0,
z=2.796, p = 0.005, p < 0.05, significant result.

The perception of educated Production Workers about the Product Quality in the Factory
(Mean Rank =101.07, N = 155) differs significantly from the perception of uneducated Production
Workers (Mean Rank = 70.83, N = 35) after the survey was conducted, U Test Statistic = 3576.0,
z=3.129, p =0.002, p < 0.05, significant result. The quantitative comparison of education groups
with job rotation, motivation, pay & welfare, HSE and product quality is shown in Figure 8.

(a) Comparison of Education Groups with Job Rotation
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©) Comparison of Education Groups with Pay &
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Figure 8. Comparison of education groups with a) Job rotation, b) Motivation, ¢) Pay & Welfare, d) HSE and e)
Product quality.

The variation in work design factors perception due to experience

The comparison of means of significant work design variables across experience is shown in
Figure 9.


https://doi.org/10.17576/geo-2022-1803-01

GEOGRAFIA Online™ Malaysian Journal of Society and Space 8 issue 3 (1-22)
© 2022, e-ISSN 2682-7727 https://doi.org/10.17576/ge0-2022-1803-01 14

Significant Effect of Experience on Work Design Factors
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Figure 9. Significant results of experience on work design factors.
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Figure 10. Comparison of experience groups with temperature.

The perception of medium experienced production workers about the temperature in the
factory (N = 187) differs significantly from the perception of low and high experience production
workers (N = 187) after the survey was conducted, Test Statistic = 9.524, p = 0.009, p < 0.05,
significant result. The quantitative comparison of experience groups with age, marital status and
temperature is shown in Figure 10.

The variation in work design factors due to marital status

The results exhibit that the married group of workers have a better perception towards supervision.
Also the two groups differ in the perception towards acceptability of Pay and Welfare offered by
the Production organization as exhibited in Figure 11.

The perception of married Production Workers about the Supervision in the Factory (Mean
Rank =95.94, N = 122) differs significantly from the perception of unmarried Production Workers
(Mean Rank = 75.47, N = 56) after the survey was conducted, U Test Statistic =4201.5,z = 2.741,
p =0.006, p <0.05, significant result.

Perception of married Production Workers about the Pay & Welfare in the Factory (Mean
Rank =96.07, N = 122) differs significantly from the perception of unmarried Production Workers
(Mean Rank = 74.83, N = 56) after the survey was conducted, U Test Statistic = 4277.0, z = 2.066,
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p = 0.039, p < 0.05, significant result. The quantitative comparison of marital status with
supervision and pay & welfare is shown in Figure 12.

Significant Effect of Marital Status
on Work Design Factors

5 410 439
. 3904 372
3
2
1
0
Pay & Welfare Supervision

Unmarried m Married

Figure 11. Significant results of marital status on work design factors.

(a) Comparison of Marital Status with (b) Comparison of Marital Status
Supervision with Pay & Welfare
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Figure 12. Comparison of marital status with a) Supervision and b) Pay & Welfare.
The variation in work design factors due to family size

The comparison of means across family size groups is shown in Figure 13. Significant Results
were obtained for the work design factors of Aptitude, Supervision, Pay & Welfare, HSE and

Training.

Significant Effect of Family Size on Work Design Factors

5
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4
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Figure 13. Significant results of family size on work design factors.
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The post-hoc tests conducted after Kruskal Wallis Non-Parametric ANOVA confirm that
the group of Production workers having large family show better perception towards work design
variables of Supervision, Pay & Welfare, Training and Aptitude. The post-hoc tests conducted
after Kruskal Wallis Non-Parametric ANOVA confirm that the group of Production workers
having small family show better perception towards work design variable of HSE. The quantitative
comparison of family size with HSE, pay & welfare, aptitude, supervision and training is shown

in Figure 14.
(a) Comparison of Family Size Groups with HSE
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(d) Comparison of Family Size Groups with
Supervision
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Figure 14. Comparison of family size with a) HSE, b) Pay & Welfare c) Aptitude, d) Supervision and e) Training

Managerial implications

It is inferred that the elder workers are having better understanding and idea about the pace of
operations. Age brings wisdom and understanding. The elder workers are more aware of the
strategic and operational factors of work rather than focusing on day to day details. Elder workers
are also more receptive to feedback. These trends and results point to the importance of elder
workers taking a leadership or mentoring role. They are receptive to feedback and listen to their
supervisors and management. They understand the macro approach to work. They have knowledge
and idea to make comparisons in terms of pace of operations and targets. These individuals can
offer solutions to practical problems and be a source of improvements in terms of technology,
process, environment and tasks. Based on the industry 4.0 work design model, the elder workers
can better understand the macro approach. The vision, mission, targets and selection of technology
can be better understood. For the Blue collar worker, this is an important factor and may result in
more compatibility and ease in coordination between senior, middle and junior levels of staff in
organization. It is foreseen that the competent and skilled elder workers in terms of IT competence,
electronic and computing skills will serve better in the middle management. In industry 4.0, the
complete hierarchy would be revamped and the structured work will be decidedly different from
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conventional manufacturing practices. It is foreseen that the deskilling will occur more rapidly in
elder workers and the young workers will adopt the new practices and technologies with more ease
and flexibility due to higher and latest education. The elder workers have high maturity levels,
experience and confidence. If willing to upgrade their skills and be a positive part of change
management for industry 4.0, these elder workers will definitely be considered valuable assets.

It is also evaluated that education is one of the most important variables which impact the
work design factors. Educated workers perceive job rotation technique in a positive fashion.
Uneducated workers perceive job rotation as additional work while educated workers consider it
a source of learning and reducing monotony. Educated workers are more motivated, willing to
learn and adopt new changes. Job rotation and health, safety and environment sub factors are
perceived and adopted in a positive manner by educated workers. The key to the change in mindset
to modern production practices is high education levels. These workers learn new philosophies
and techniques. They are early adopters of new technology, innovation and practices of lean, green
and agile manufacturing. As recognition of this result, one of the case study organization has
decided to engage only educated workers since the past two years. The two groups of workers
differing in education levels also have differing perceptions towards pay and welfare. Since all the
sample organizations were doing export of products, it is inferred that education is a factor which
enables worker to recognize quality levels of their product being manufactured. In terms of
industry 4.0, education is perhaps the most important personal characteristic. The young people
and workers have more exposure to industrial revolution technologies like, internet, electronics,
mobile phones, computers and other systems. The modern curriculum, skill development,
knowledge growth and information sharing all are building tech savvy individuals who are joining
the workforce. These educated individuals are more conscious about quality, new technologies,
knowledge available and information sharing. The cognitive and physical skills are more aligned
with young workers in terms of industry 4.0.

Task Task
@ Characteristics :>
< Personal Characteristics

HSE

Pace of Work Temperature Supervision
Feedback Pay & Welfare Pay & Welfare Supervision
Motivation Pay & Welfare
Job Rotation Training
Aptitude

Product Quality

*The Factors of Personal Characteristics are in direct relationship with significant Work Design Variables as indicated by arrows.

Figure 15. Model of work design factors related to human personal characteristics
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It is also inferred from the result that experience plays a part in understanding physical
environment of the factory. The highly experienced workers recognized the improvement required
on the factory floor. Experience makes them more aware of their environment. Married workers
give certain initiatives to workers in terms of being responsive to supervision and monitoring. They
are accommodating and easier to manage by supervisors. Also the married and unmarried groups
of workers differed in their perception of adequacy of pay and welfare schemes. The sense of
responsibility, motivation and commitment is higher for workers with family and these factors
enable them to be highly dependent and committed workers.

The second most important independent personal characteristic after education is family
size. Raising a family places certain responsibilities, checks and plans in the mind of the employee.
Workers who are married with large family show better inclination to be supervised and accept the
pay levels at the workplace. Workers with large family consider themselves to be better trained for
the job. The aptitude of large family workers is also determined to be better as compared to other
groups. Hence the large family worker offers certain initiatives regarding aptitude, supervision,
pay and perceived training levels. An interesting finding is that small family workers perceive HSE
policy and mechanisms in a better light. This is perhaps understandable with care being taken by
employees of themselves to support young family. These individuals could tend to be more
concerned about the community, environmental concerns and welfare of all stakeholders. A model
depicting various findings and results inferred from the study to give overall, encompassing view
is given in Figure 15.

The management should be ready to provide training, build a learning culture, provide
technological assistance and support system for the old workers. Coordination, cohesion and
teamwork should be ensured with the demographic boundaries faded away. The ergonomics,
performance benefits, salaries, privileges and bonuses should all be aligned to achieve motivation
and outcomes. The role of the human resource department will be to focus on changing models,
demographics and technologies. It is proposed that a socio — technical model should be developed
which will enhance manufacturing performance. At the tactical level, elder and experienced
workers will perhaps perform better in the plan and study phase of the improvement intervention
of industry 4.0 technologies. While, young educated workers would perhaps perform better in do
and act phase. However close coordination and teamwork will ensure more cohesive streamlined
performance. At the meso level, the physical experience of young workers in terms of physical
capacities would be needed to be developed while the elder workers would need more relevant
cognitive thinking capacities.

Conclusions

It is important for production organizations to have a mix of workers in terms of skill and personal
characteristics, which channeled in a production system will produce value added output. Human
resource should be procured keeping the company strategy, systems and work environment in
mind. The workers should complement the system and organization and if used wisely, ethically
and professionally can be a source of gain in socio-technical work design system.

As a step towards new research ideas and question formulation there is increasingly greater
use of technology, automation and computerization augmented by the internet of things. How
worker demographics are going to impact the work design in the industry 4.0 era is an interesting
question. The age, education, experience coupled with learning, skills and work design for such
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technologies should be further investigated. Advanced technology on one end is also being counter
balanced by environmental concerns. It is an interesting proposition to investigate the role of
manufacturing work design in terms of green initiatives, smart factories, global supply chains as
well as e-commerce based business to business setups more empirically.
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