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total production time and 20% of total unit production
cost [6].
This paper presents a study in human factors that may
affect human performance relating to critical system
performance measures using the fuzzy extent analysis
approach and the most significant human factors were
evaluated and identified based on findings of the
literature review and an industrial survey.

Abstract—Today, consumers prefer to have a great variety
of products coupled with the intrinsic demand of short lead
time, high quality and low costs. Consequently,
Manufacturing
companies
require
a
consistent
improvement in flexibility and responsiveness of their
production systems in order to accommodate changes of the
increasingly competitive market. For human centred
assembly as an example, although it offers a good flexibility
and responsiveness, human performances are also
unpredictable due to their inherent abilities and limitations,
psychological traits and physiological states. These issues
are often overlooked by many researchers when designing,
implementing or evaluating a manufacturing system. This
paper presents a study in human factors related to the
performance of human centred manual assembly lines and
their mutual interactions through a literature review and an
industrial survey. Critical performance measures, which are
affected by human factors, were evaluated and the most
significant human factors were identified using the fuzzy
extent analysis method.e. 

II.

The studies in terms of the impact of human factors on
human performance on manual assembly lines are still
under R & D by researchers. Govindaraju et al. (2001)
used case studies to illustrate ergonomic work conditions
that may affect human performance and observed a
relationship between human factors and human
performance. Giniger et al. (1983) observed that the
effects of human performance in relation to age and
physiological functions are not significant as both the
cognitive and physiological decline may be compensated
by experience [7]. However, some argued that some
cognitive abilities may decline with age, while some
cognitive abilities may stabilise over life span. Hunter et
al. (1996) observed a relationship between learning and
cognitive ability and suggested that a higher level of
human performance can be attained by the ability of
people to learn and transfer their skills to the new task,
although their levels of performance may depend on their
varying learning rate. Conversely, Hunter (1986) studied
hundreds of evidence and observed that it is the general
cognitive ability that determines human performance as it
controls the speed a person can learn.
Cognitive abilities known as fluid abilities such as
reasoning and working memory which relate to
performance and speed of solving problems may be
achieved by individuals in their 20s and decline after
these ages, while crystallised abilities, which depend on
the accumulated knowledge, tend to remain stable over
the life span [8]-[10]. Belbase & Sanzenbacher (2016)
concluded that even workers with limited ability to
process information rapidly can also maintain their
productivity with the advancing age. Zwick et al., (2009)
observed that the average muscle strength decreases by
roughly 10% per decade from ages of 20 to 60, 15% from

Index Terms—manufacturing systems, human factors,
assembly systems, fuzzy extent analysis

I.

INTRODUCTION

Today, many manufacturing companies have been
shifting from mass production to mass customization
aimed at satisfying customers’ demands in terms of the
increase of product varieties with a small lot size, low
cost and high quality. As an example, models in
automobile industry increased from 44 in 1969 to 165 in
2006 in USA and each model may differ in power
mechanism and interior/exterior aesthetics [1]. Likewise,
BMW claimed that the number of possible permutations
17
of component assembly in BMW 7 series may reach 10 .
Assembly activities involve the process of gripping,
picking, inserting, positioning, fastening and checking
parts often on an assembly line where work is transported
sequentially from upstream to downstream until the
required tasks are completed. The capacity of human
performing these tasks, however, is affected by a wide
variety of influencing factors interacting in a complex
way [2]. The influence of human behavior is often
ignored or under or overestimated [3]-[5]. Generally
speaking, assembly process takes approximately 50% of
Manuscript received February 1, 2018; revised May 28, 2018.
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a life cycle due to aging, the influence is not significant
as older workers may compensate the decline to attain
satisfactory work performance by experience. Zwick et al
(2009) stated that importance in human performance is
the experience not the aging.
Kenny et al. (2015) investigated the physiological
decline due to aging in the physical work capacity of
individuals and observed a decrease in aerobic and
musculoskeletal capacity leading to an average drop of
20% in the physical work capacity at ages from 40 to 60.
Avolio et al. (1990) suggested that experience can be
used to determine human performance than age because
older workers with much experience on a particular job
may show equal or even higher performance in
comparison with their younger counterparts; effects of
experience may be more significant on a job with high
complexity. Rhodes (1983) concluded that performance
can be more affected by ages. On the contrary, Waldman
et al (1986) challenged some of the conclusions arguing
that the method the study used may lead to unclear or
even wrong interpretations [12].
The study also showed that there is no clear
relationship between age and job performance [13].
Waldman et al. (1986) suggested that the type of either
professional or non-professional tasks moderate the
effects of age and experience on human performance.
Stanley (1985) investigated the influence of age on
individual productivity as well as the other factors that
may affect performance and concluded that the effects of
age on job performance may be subject to more on the
difficulty of the task. A complex task requires stronger
mental capabilities and of biological functions that
deteriorate with ageing. The study showed that the
performance of individuals differ due to many reasons;
this includes length of work experience, cognitive
abilities, physical abilities and so on [14]. Table I shows a
summary of effects of human factors on human
performance against human centred performance
parameters based on a literature review study. And Fig. 1
shows the interface between these human factors and the
human performance parameters

ages of 60 to 80 and 30% after ages of 80. This may be
due to the aerobic capacity that reaches its peak at ages of
20s and then declines by around 1% per year. Shephard
(2000) reported that age affects the occupational
performance of older individuals due to their decline in
the aerobic power. Doroudgar et al. (2017) used a simple
visual reaction test to measure reaction times between
younger adult drivers (at ages from 18 to 40) and older
adult drivers (60 and above). Wang et al (2012) observed
that some costs may incur due to the learning and
forgetting phenomenon regardless of the flexibility and
responsiveness of human in manufacturing systems.
Reagans et al. (2005) examined the relationship between
experience and forgetting and observed that there is a
long break in between tasks to occur, the performance
level of a less complex task may not be affected. At the
age of 20 when human reaction times tend to be fastest,
and after this age, the human reaction time starts to
decrease slowly at ages up to 60. It then decreases much
faster from the age of 70 and beyond. The studies also
showed that the reaction times of females may be more
volatile, compared to their males [9], [11]. Berg et al
(2006) stated that the human reaction time can be affected
by distraction and mental fatigue. Avolio et al (1990)
used a polynomial regression analysis to predict the work
performance in connection with age and experience and
the study found that experience rather than age
determines human performance. Schmidt et al (1986)
developed a model by incorporating work experience as a
factor in prediction of worker performance. McDaniel et
al. (1988) indicated that there is a direct positive
relationship between job experience and job performance
regardless of job complexity. llmarinen (2001) observed
that age negatively affects general cognitive abilities and
positively affects experience. Also, experience positively
affects cognitive skills, and directly affects job
performance. Moreover, Llmarinen (2001) concluded that
physiological ability may decline due to aging but it can
be compensated by experience. Giniger et al (1983) and
Stead et al. (1983) argued that despite the decline in both
cognitive and physical functions of a human worker over
TABLE I.

EFFECT OF HUMAN FACTORS ON HUMAN PERFORMANCE PARAMETERS

Effect from
Physical work capacity

Effect on
Cycle time
Job satisfaction
Physical work capacity
Cycle time
Reaction time
Idle time
Learning and forgetting
Throughput
General Cognitive Abilities
Job satisfaction
Physical work capacity
Reaction time
Cycle time
Throughput
Learning and forgetting
Physical work capacity
Reaction time
General Cognitive Abilities
In-process inventory

Age

Gender
Experience
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Authors
[15], [16], [3]
[16], [17]
[18]-[21]
N/A
[22]-[24]
N/A
[8], [25], [3]
[5]
[9], [3], [25], [26]
[12], [27]-[29]
[20]
[22], [23], [30]
[31]
[31], [32]
[33], [34], [31]
[35]
[36], [37]
[38], [39], [3]
N/A
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Learning and forgetting

Job satisfaction
Environmental factors (Temperature, Illumination, noise)

General Cognitive Abilities

Circadian rhythms

Idle time
Cycle time
Throughput
In process inventory
Idle time
Throughput
Physical work capacity
Throughput
Reaction time

N/A
[38],[39]
[33], [32], [7], [4], [9]
N/A
N/A
[20]
[20]
[20], [40]
[41], [42]

Reaction time
Learning and forgetting
Throughput
Cycle time
Idle time
Reaction time

[9], [43]
[7], [44]
[34], [45]
[43]
N/A
[11]

package for social science (SPSS) software. A value
found with less than mean average of 3 is assumed to
have a weak influence and is filtered out. The remaining
elements were classified based on their mean values
which are also assigned a linguistic value as in Fig. 2 and
Table III.

Figure 1. Interrelationship and interaction between human factors and
performance parameters

As shown in Table I, the literature search was carried
out leading to the identification of interdependence
amongst eight factors that are assumed to significantly
affect human centred performance. A survey was
conducted to complement the literature findings in
selecting and testing members of the population with the
total 33 respondents of whom, 60% were researchers in
engineering and technology and 30% were people from
industries. The influence of the identified human factors
and the human centred performance were rated [44].
Likert scale of 5 was used and the mean value for the
cumulative responses upon each question was analysed
and the mean value was obtained using the statistical

Figure 2. The mean values of pairwise comparison of human factors
based on the survey analysis

Table II shows the pairwise judgement based on the
perceived influence, which is transformed into the so
called fuzzy sets using the linguistic values [45]. Table
II shows a fuzzy decision matrix linguistic values which
are composed of fuzzy comparative rating r ij x for the j
attribute with respect to i alternatives, which shows
effects relationship between human factors presented.
These linguistic values were used in studies for solving
decision making problems [46]-[49].
~

th

TABLE II. FUZZY MATRIX (PAIRWISE COMPARISON INFLUENCE CRITERIA)
Physical Work

Job

Ability

Satisfaction

Physical W. C.

(1,1,1)

(3/2,2,5/2)

Job S.

(2/5,1/2,2/3)

Age

Age

Reaction

Learning &

General C.

Time

Forgetting

Ability

(1/3,2/5,1/2) (1/2,1,3/2)

(1/2,1,3/2)

(1/2,1,3/2)

(1/3,2/5,1/2) (2/5,1/2,2/3)

(1,1,1)

(1/2,1,3/2)

(1/2,1,3/2)

(1/2,1,3/2)

(1/2,1,3/2)

(1/2,1,3/2)

(2,5/2,3)

(3/2,2,5/2)

(1,1,1)

(3/2,2,5/2)

(1,3/2,2)

(3/2,2,5/2))

(2/7,1/3,2/5) (1/2,1,3/2)

Reaction Time

(1/2,1,3/2)

(1/2,1,3/2)

(2/5,1/2,2/3) (1,1,1)

(1/2,1,3/2)

(2/5,1/2,2/3)

(1/3,2/5,1/2) (1/2,2/3,1)

Learning & F

(1/2,1,3/2)

(1/2,1,3/2)

(1/2,2/3,1)

(1,1,1)

(1/3,2/5,1/2)

(2/5,1/2,2/3) (1/2,1,3/2)

General C. A.

(1/2,1,3/2)

(1/2,1,3/2)

(2/5,1/2,2/3) (3/2,2,5/2)

(2,5/2,3)

(1,1,1)

(2/5,1/2,2/3) (1/2,1,3/2)

Experience

(2,5/2,3)

(1/2,1,3/2)

(5/2,3,7/2)

(2,5/2,3)

(3/2,2,5/2)

(3/2,2,5/2)

(1,1,1)

(1/2,1,3/2)

Env. Factors

(3/2,2,5/2)

(1/2,1,3/2)

(1/2,1,3/2)

(1,3/2,2)

(1/2,1,3/2)

(1/2,1,3/2)

(1/2,1,3/2)

(1,1,1)
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Experience Environmental
Factors

(1/2,1,3/2)
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K  1  Ka 2 , Kb1 , Kc1 

(3)

~

III.

ANALYTICAL HIERARCHY PROCESS (AHP) AND
FUZZY SET MEMBERSHIP

~

~
 
 

IV.

3

1

2

1

 1 1 1 

,
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 c1 b1 a1 

(4)

EVALUATION OF HUMAN FACTORS ON HUMAN
PERFORMANCE

This study adopt the concept of fuzzy sets to evaluate
the significance of human factors on human centred
performance using the mean values from a survey
converted into the linguistic values as shown in Table III.
These triangular fuzzy numbers were also used to build a
pair comparison in matrix shown in Table II.
TABLE III. LINGUISTIC VALUES USED FOR RATING THE IMPORTANCE
OF HUMAN FACTORS
Mean

~

2

~

~

The Analytical Hierarchy Process (AHP) method was
introduced by as a multi criteria decision approach for
ranking decision alternatives using a crisp (non-fuzzy)
scale from 1 to 9, where 1 signifies an equal importance
between elements under investigation and 9 indicates an
extreme importance of one element over others [50]. The
method, however, does not account for human thinking
pattern [51]-[53]. Alternatively, Zadeh (1965) suggested
a fuzzy approach by taking into account the inherent
human ambiguity and imprecision in a decision making
[54]-[57]. Evaluating human factors that affects human
performance may be difficult to quantify using the
conventional expression of real numbers, these inherited
vagueness and imprecision can be tackled by the so called
fuzzy judgement. It used the fuzzy set in which its
boundaries are represented by linguistic variables rather
than qualitative variables to mitigate inadequacies that
may emanate from human judgement [58]. A number of
fuzzy set theories were reported in the literature [59], [60],
and triangular fuzzy numbers (TFNs) are the most widely
used in FAHP studies [61]. A triangular fuzzy number
may simply be described as  a , a , a  denoting that
 is a fuzzy set with membership a , a , a  as a linear
representation of the triangle shown in Fig. 3. Thus,
1

~

~

Linguistic scale

Triangular
fuzzy scale

Triangular fuzzy
reciprocal scale

Equally important (EI) (1/2, 1, 3/2)
3.5 – 3.7 Weakly important (WI) (1, 3/2, 2)

(1/2, 1, 3/2)
(1/2, 2/3, 1)

3.8 – 4.0 Strongly important (SI) (3/2, 2, 5/2)

(2/5, 1/2, 2/3)

4.1 – 4.3 Very strongly important (2, 5/2, 3)
(VSI)

(1/3, 2/5, 1/2)

4.4 – 5.0 Absolutely important
(AI)

(2/7, 1/3, 2/5)

3





x
a

0
,
1


~



 x  a1
  x 
, a1  x  a 2 
a
a

1

 2

 a3  x
, a 2  x  a3 



a
a

2

 3

(5/2, 3, 7/2)

For each linguistic value shown in Table III, a
membership function is assigned as a scale of the fuzzy
number represented by three triangular fuzzy numbers as
shown in Fig. 4.

where,  x indicates the degree of membership of
element x in fuzzy set  , which maps each element x
a , a , a  to a real number in the interval (0, 1) [62].
Making it the value on unit interval that measures the
degree to which element x belongs to fuzzy set  [63].
Fig. 3 shows a triangular fuzzy number represented
by a , a , a  symbolising the value of upper bound at the
left, the most promising value at the middle and the
largest possible value of the fuzzy set  at the right [64].
~

~

1

2

3

~

1

2

3

~

Figure 4. Membership of the linguistic values

A relationship between human factors and the
performance measures were rated using linguistic values
as “very high”, “high”, “ medium”, “ low” and “very
low” as fuzzy sets. Table IV and Fig. 5 show their
degrees of membership, respectively.
TABLE IV. LINGUISTIC SCALE USED FOR RATING THE INFLUENCE OF
HUMAN FACTORS

Figure 3. Membership of the triangle fuzzy number

with two fuzzy numbers   a , b , c  and  2  a2 , b2 , c2 
can be computed approximately [55], [60], [65] as
follows:
~

~

1

1

1

1
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Linguistic values

Mean of fuzzy numbers

Very high (VH)
High (H)
Medium (M)
Low (Low)
Very Low

1
0.75
0.5
0.25
0
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analysis of the i th object for m goal. Then each
individual objective is taken and extent analysis is
performed for each goal m, respectively. The extent
analysis values for each m is obtained as follows [45],
[46], [61]:
m

m
j 1

j
gi

j
n

m

 i 1  j 1 m 
gi 


1

(5)

where i = 1, 2, 3…n, all mgij  j  1,2,3......m are TFNs

  m  a ,  b ,  c 

Figure 5. Membership of the linguistic variables for rating the
influence of human factors in Table IV

2

3

m

1

2

m

gi

gi

gi

n

j

n

i 1

gi

i 1

n

j

(6)

n

j

j

j

j

By computing the inverse of the vector in equation (7),
it is given

A. The Fuzzy Extent Analysis Method
A fuzzy extent analysis method is considered as Fuzzy
Analytical Hierarchy Process (FAHP) which tackles
human limitations in decision making [45], [48], [49],
[66], [67]. An extent analysis method is applied in
decision making with objective set x, which has a goal set
G  g , g , g ........ g 
let m , m , m be values of extent
1

n

i 1

 m
n

j

i 1

gi



1

1

1

 a  b  c , a1 , b1 , c2  0
,

n

i 1

i

,

n

i 1

i

n

i 1

i

(7)

The synthesis extent analysis was evaluated using
equation 7, the values are shown in Table V.

TABLE V. SYNTHETIC EXTENT FOR THE HUMAN FACTORS OBTAINED FROM EQUATION (7)

S

physicalworkcapacity(

S

jobsatisfaction(

S

S

a

pair

~

~

1

and



2

srt )

learniandforgetting(

S

generalcognitiveability (

experience(

slf )

s gca)

sexp)

environmentalfactors(

exists

sef )

such

  y   1 ,

~



(x,y)

sa g)

S

S
When

s js )

reactiontime (

S

x  y and  x  

a g e(

s pwc )

~

~

 ~
  1   2   1



then we have
are convex fuzzy numbers [67] where:
~
~
~
 ~

  1   2   1iff 1   2



a

b

c

0.05

0.09

0.18

0.04

0.09

0.19

0.10

0.16

0.30

0.05

0.08

0.16

0.04

0.08

, 0.20

0.07

0.09

0.25

0.12

0.20

0.37

0.07

0.12

0.29

The intersection of the two human factors, which are
represented by fuzzy numbers in a convex set, is denoted
as the highest ordinate in Fig. 5.

that
since

(8)

~
~
~
~

~

  1   2   1  hgt  1   2    1 d 





(9)

where, d is the ordinate of the highest intersection D
~

between

 1

2   a 2, b 2, c 2 

and

~

 2

, where

1   a1, b1, c1
~

and

~

[67], and is given as:

~
~
~
a1  c2

 ~
~

~
  1  2   1  hgt   1  2    1  2  
 b2  c2 b1  a1 
 




Figure 6. Memberships of two triangular fuzzy sets intersecting at D

(10)

TABLE VI. INTERSECTION OF THE TWO HUMAN FACTORS IN COMPARISON








S

S

S

pwc



 S ag
pwc
pwc

S

S

 S JS

 S rt





 S lf
pwc



 S gca
pwc



S  S 
PWC

1



ag

0.56



S  S 

1



0.53



1

 S JS  S rt 

1

1





S  S 
 S  S 

1



1





1



JS

S  S 
JS

S
S

JS

 S lf

JS

 S gca
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ag

PWC

ag

js

ag

rt

ag

lf

S  S 

S  S 
ag

gca

S  S 
S  S 
 S  S 

1



1



1
1
1

rt

PWC

rt

js

rt

ag

S  S 
 S  S 


rt

lf

rt

gca

0.91
0.92
0.42
1
0.90
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S

0.35



0.80



0.80



S

js

0.92



S

lf



S

lf

 S exp





 S pwc


S 

S  S 
 S  S 
 S  S 
 S  S 
 S  S 


S  S 
S  S 



 S ef
pwc

pwc

S
 S


JS

JS

gca

lf

age

0.46

lf

rt

1

S
 S

lf

gca

0.90



lf

exp

0.29

ef

0.73

lf



exp

0.38

ef

0.81

 S js

 S rt

gca

lf



1






0.66



1



gca

pwc

exp

js

1

age

1

S  S 
exp

S  S 
 S  S 

exp

0.52



ef

0.85



   1 ,  2,  3 ....... k     1 ,    2 ,    k 

1

S  S 

lf

1

exp

 S ef



(11)



w  d 1 ,  2 ,  3 ....d  n 

1

ef

js

ef



ef

ef

1
0.78

ag

1

rt

ef

1

lf

1

gca

S  S 

0.25

0.29

ef

0.60

exp

1

0.52

(12)

0.81
0.38

Then weight vector (W) is given by (13)
T

pwc

0.35

d 1   in  S1  S 2  for k = 1,2,3…..k

,

ef

Fig. 7 shows the synthesized weights of the human
factors, while Fig. 8 prioritization of the human factors
indicating the influence which was into linguistic values.

in    1 ,  1,2.....k
Assumed that

,

0.71



exp

S

0.25

1

1

gca

exp

ef

1

rt

exp

rt

rt

S  S 
 S  S 
 S  S 

exp

S  S 

S  S 

S  S 
 S  S 
 S  S 
 S  S 


1

ef

exp

1

The degree of possibility for a convex fuzzy number
greater than k convex fuzzy numbers, where
i i  1,2,3.....n can be defined [45]-[67] as follow:

ag



0.81

exp

1

S  S 
 S  S 
 S  S 
gca

ag



 S ag
gca
gca

S  S 

S  S 
 S  S 

 S pwc

gca





0.6

 ,  i  1,2,3.....n  n (13)
i

The degree of the two human factors in comparison,
which is represented by fuzzy sets, indicates estimate for
the highest degree of the intersection. And was obtained
using a principal of comparison of fuzzy numbers
and
, and the degree of possibility that
is
defined by taking the minimum and maximum values in
Table VI using equations 9-10. Equation 11 was used and
minimum values were taken from Table VII were the
factors were rated according their weight. Linguistic scale
was used and the factors were ranked based on their
influence.

Experience

Age

Environmental factors

General cognitive ability Job satsifaction
Learning and forgetting

Physical work capacity

Reaction time

Figure 7. Synthesized priorities of human factors affecting human
centred performance

TABLE VII. THE MAXIMUM & MINIMUM VALUES IN FUZZY SETS
d  
'



1

S

pwc

 S JS , S ag , S rt , S lf , S gca , S exp , S ef

 = min (1, 0.53, 1, 1,

1, 0.35, 0.8) = 0.35
d A 
'



2

S  S , S , S , S , S , S , S  = min (1, 0.56, 1, 1,
js

pwc

ag

rt

lf

gca

exp

ef

1, 0.38, 0.81) = 0.38
d A 
'



3

S  S , S , S , S , S , S , S  = min (1, 1, 1, 1, 1,
ag

pwc

js

rt

lf

gca

exp

ef

0.81, 1) = 0.81
d A 
'

4

d A 
'

5

d A 
'

 S  S , S , S , S , S , S , S 
= min (0.91, 0.92,
0.42, 1, 0.90, 0.25, 0.71) = 0.25
rt

pwc

js

ag

lf

gca

exp

ef

Figure 8. Prioritization of human factors based on the linguistic values

 S  S , S , S , S , S , S , S 
= min (0.80, 0.92,
0.46, 1, 0.90, 0.29, 0.73) = 0.29
lf



6

S

pwc

js

ag

rt

gca

exp

ef

 S pwc , S js , S ag , S rt , S lf , S exp , S ef
gca

V.

 = min (1, 1, 0.66,

As shown in Fig. 7, the study concludes that
experience and age are the most significant human factors
affecting human centred performance. An on-going study
is being carried out to investigate the effects of these
human factors on performance measures of a
manufacturing system using a discrete event simulation
(DES) tool.

1, 1, 0.52, 0.85) = 0.52
d A 
'



7

S

exp

 S pwc , S js , S ag , S rt , S lf , S gca , S ef

 = min (1, 1, 1, 1,

1, 1, 1) = 1
d A 
'
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S  S , S , S , S , S , S , S  = min (1, 1, 0.78,
ef

pwc

js

ag

rt

lf

gca

exp

1, 1, 1, 0.60) = 0.60
The weight vector
and weights via
normalization

RESULTS

W = (0.35, 0.38, 0.81, 0.25, 0.29, 0.52, 1,

REFERENCES

0.60
W = (0.08, 0.09, 0.19, 0.06, 0.07, 0.12, 0.24,
0.15)

© 2018 Journal of Industrial and Intelligent Information

[1]

28

S. J. Hu, J. Ko, L. Weyand, H. A. Elmaraghy, T. K. Lien, Koren,
and M. Shpitalni, “Assembly system design and operations for

Journal of Industrial and Intelligent Information Vol. 6, No. 1, June 2018

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]
[15]
[16]

[17]

[18]
[19]

[20]
[21]

[22]

[23]

[24]

[25] R. P. Stanley, “Adult age differences in short term forgetting,”
International Journal of Psychonomics, vol. 60, no. 1, pp. 83–101,
1985.
[26] M. A. McDaniel, J. E. Hunter, and F. Scmidt, “Job experience
correlates job performance,” Journal of Applied Psychology, vol.
73, no. 2, pp. 327-330, 1988.
[27] A. Clark and A. Oswald, “Is job satisfaction U-shape in age?”
Journal of Occupational and Organizational Psychology, vol. 69,
pp. 57-81, 1996.
[28] T. V. Kumar, “Factors impacting job satisfaction among police
personal in India: A multidimensional analysis,” Geogia:
International Criminal Justice Review, 2017.
[29] M. S. Shafer, A. D. Nembhard, and V. M. Uzumeri, “The effect of
learning, forgetting, and heterogeneity on assembly line
productivity,” Management Science, vol. 47, no. 12, pp. 16391653, 2001.
[30] R. Reagans, L. Argote, and D. Brooks, “Individual experienced
and inexperience working together: Predicting learning rate from
knowing who knows what and knowing how to work together,”
Management Science, vol. 51, no. 6, pp. 869–881, 2005.
[31] Q. Wang, M. Sowden, and A. R. Mileham, “Modelling human
performance within an automotive engine assembly line,”
International Journal of Advanced Manufacturing Technology, vol.
68, no. 1-4, pp. 141-148, 2013.
[32] S. Giniger, A. Dispenzieri, and J. Eisenberg, “Age, experience,
and performance on speed and skill jobs in an applied setting,”
Journal of Applied Psychology, vol. 68, no. 3, pp. 469-475, 1983.
[33] S. Ando, N. Kida, and S. Oda, “Retention of practice effect on
simple reaction time for peripheral and central visual fields,”
Ergonomics, vol. 98, pp. 897-900, 2004.
[34] J. E. Hunter and F. L. Schmidt, “Intelligence and job performance:
economic and social implications,” Psychology, Public Policy,
and Law, vol. 2, no. 3-4, pp. 447-472, 1996.
[35] J. E. Llmarinen, “Aging workers,” Occupational and
Environmental Medicine, vol. 58, no. 8, pp. 546-552, 2001.
[36] I. Visser, M. E. Raijmakers, and P. C. Molenaar, “Characterizing
sequence knowledge using online measures and hidden markov
models,” Memory & Cognition, vol. 35, no. 6, pp. 1502-1517,
2007
[37] D. A. Nebmhard and N. Osothsilp, “Task complexity effect on
between individual learning/forgetting variability,” International
Journal of Industrial Ergonomics, vol. 29, pp. 297–306, 2002.
[38] A. C. Falck and M. Rosenqvist, “What are the obstacles and needs
of proactive ergonomics measures at early product development
stages?-an interview in five Sweden companies,” International
Journal of Industrial Ergonomics, vol. 42, pp. 406-415, 2012.
[39] D. Rodriguez, D. Buyens, and H. V. Landeghem, “Impact of lean
production on perceived job autonomy and job satisfaction: An
experimental study,” Human Factors and Ergonomics in
Manufacturing & Service Industries, pp. 159-179, 2016.
[40] A. Welford, Fundamentals of Skill, London: Butler and Tunner
Ltd, 1968.
[41] J. Moskaliuk, C. P. Burmeister, F. Landkammer, and B. Renner,
“Environmental effects on cognitive and decision making of
knowledge workers,” Journal of Environmental Psychology, vol.
49, pp. 43-54, 2017.
[42] P. Wirojanagud, E. S. Gel, J. W. Fowler, and R. Cardy,
“Modelling inherent worker differences for workforce planning,”
International Journal of Production Research, vol. 45, no. 3, pp.
525-553, 2007.
[43] R. Likert, “A technique for the measurement of attitudes,”
Archives of Psychology, vol. 55, pp. 22-140, 1932.
[44] C. Kahraman, T. Ertay, and G. Buyukozkan, “A fuzzy
optimization model for QFD planning process using analytical
network approach,” European Journal of Operation Research, vol.
171, pp. 390-411, 2006.
[45] E. Tolga, M. L. Demirlan, and C. Kahraman, “Operation system
selection using fuzzy replacement analysis and analytical
hierarchy process,” International Journal of Production
Economics, vol. 97, pp. 89-117, 2005.
[46] A. H. Lee, “A fuzzy supplier selection model with consideration
of benefits, opportunities, costs and risks,” Expert Systems with
Application, vol. 36, pp. 2879-2893, 2009.
[47] Z. Isik and H. Aladag, “A fuzzy AHP model to assess sustainable
performance of the construction industry from the urban

product variety,” CIRP-Manufacturing Technology, vol. 60, pp.
715-733, 2011.
B. Schmid, “Human factors in complex systems the modelling of
human behavior,” in Proc. 19th Conference on Modelling and
Simulation in Wider Europe, 2005, pp. 5-14.
F. Boenzi, G. Mossa, G. Munmolo, and V. A. Romano, “Work
aging in production systems: Modelling and performance
evaluation,” in Proc. 25th DAAAM International Symposium on
Intelligent Manufacturing and Automation, Bari, Italy: Elsevier,
2015, pp. 1108-1115.
S. Digiesi, A. A. Kock, G. Mummolo, J. E. Rooda, “The effect of
dynamic worker behavior on flow line performance,” IFAC
Proceeding, vol. 39, no. 3, pp. 341-346, 2006.
T. Bainess, R. Asch, L. Hadfield, J. Mason, S. Fletcher, and J. Kay,
“Towards a thoeretical framework for human performance
modelling within manufacturing system design,” Simulation
Modelling Practice and Theory, vol. 13, no. 6, pp. 486-504, 2005.
S. N. Samy and H. Elmaraghy, “A model for measuring product
assembly complexity,” International Journal of Integrated
Manufacturing, vol. 23, no. 11, pp. 1015-1027, 2010.
J. E. Hunter, “Cognitive ability, cognitive aptitudes, job
knowledge, and job performance,” Journal of Vocational Behavior,
pp. 389-399, 1986.
T. Zwick and C. Gobel, “Age and productivity-evidence from link
employee data,” Zew-centre for European Economic Research
Discussion Paper (09-020), 2009.
I. J. Deary, G. Der, and G. Ford, “Reaction times and intelligence
differences a population -based cohort study,” Intelligence, pp.
389-399, 2001.
P. Warr, Work and Aging: A European Perspective, Great Britain:
Tailor and Francis Ltd, 1994.
J. J. Adam, F. Pass, M. J. Bueke, I. J. Wuyts, W. Spijkers, and P.
Wallmeyer, “Gender differences in choice reaction time: Evidence
for differential strategies,” Ergonomics, vol. 42, no. 2, pp. 327-335,
1999.
S. R. Rhodes, “Age-related differences in work attitudes and
behavior. A review and conceptual analysis,” Psychology
Bulleting, vol. 93, no. 21, pp. 328-367, 1983.
G. M. McEvoy and W. F. Cascio, “Cumulative evidence of the
relationship between employee age and job performance,” Journal
of Applied Psychology, vol. 74, no. 1, pp. 11-17, 1989.
V. Skirbekk, “Age and productivity capacity: Descriptions, causes
and policy options,” Ageing Horizons, pp. 4-12, 2008.
L. Galen, Applied Ergonomics, Oxford: Butterworth, 1987.
M. Govindaraju, A. Pennathur, and A. Mital, “Quality
improvement in manufacturing through human performance
enhancement,” Integrated Manufacturing Systems, pp. 360-367,
2001.
C. L. Narahari and D. K. Koneru, “A study on the role of
occupational stress in organizations,” International Journal of
Engineering Technology, Engineering, Management and Applied
Sciences, vol. 5, no. 1, pp. 53-59, 2017.
R. J. Sherphard, “Age and physical work capacity,” Experimental
Aging Research, pp. 331-343, 1999.
B. Schibye and A. F. Hansen, “Aerobic power and muscle strength
among young and elderly workers with and without physical
demanding work tasks,” Applied Ergonomics, vol. 32, pp. 425-431,
2001.
R. S. Bridger, Introduction to Ergonomics, (3rd ed.), United States
of America: CRC Press, 2009.
P. G. Kenny, H. Groeller, R. McGinn, and A. D. Flouris, “Age,
human performance and physical employment standards,” in Proc.
2nd International Conference on Physical Employment Standards,
2015, pp. 23-26.
G. Der and I. J. Deary, “Age and sex differences in reaction time
adulthood: result from the United Kingdom health and life style
survey,” Psychology and Aging, vol. 21, no. 1, pp. 62-73, 2006.
E. Salvia, C. Petit, S. Champely, F. D. Rienzo, and C. Collect,
“Effects of age and task on drivers’ response accuracy and
reaction time when responding to traffic lights,” Frontiers in
Aging Neuroscience, pp. 1-9, 2016.
M. Svetina, “The reaction times of drivers aged 20-80 during a
divided attention driving,” Traffic Injury Prevention, vol. 17, no. 8,
pp. 810-814, 2016.

© 2018 Journal of Industrial and Intelligent Information

29

Journal of Industrial and Intelligent Information Vol. 6, No. 1, June 2018

[48]

[49]

[50]
[51]
[52]
[53]

[54]

[55]

[56]

[57]
[58]
[59]

[60]

[61]

[62] T. J. Ross, Fuzzy Logic with Engineering Applications, New York:
McGraw-Hill, 1995.
[63] L. Mikhailov, “A fuzzy programming method for driving priorities
in the analytic hierarchy process,” Fuzzy Sets and Systems, vol.
134, no. 3, pp. 365-385, 2000.
[64] C. T. Chen, “A fuzzy approach to select the location of the
distribution center,” Fuzzy sets and systems, vol. 118, pp. 65-73,
2001.
[65] K. Divesh, Z. Rahman, and F. T. Chan, “A fuzzy AHP and fuzzy
multi-objective linear model for order allocation in a sustainable
supply chain: A case study,” International Journal of Computer
Integrated Manufacturing, vol. 30, no. 6, pp. 535-551, 2017.
[66] R. Aggarwal and S. Singh, “AHP and extend fuzzy AHP approach
for prioritizing of performance measurements attributes,”
International Journal of Mechanical, Aerospace, Industrial,
Mechatronics and Manufacturing Engineering, vol. 7, no. 1, pp. 611, 2013.
[67] K. J. Zhu, Y. Jing, and D. Y. Chang, “A discussion on extent
analysis method and application of fuzzy AHP,” European
Journal of Operation Research, vol. 116, pp. 450-456, 1999.

degeneration,” Journal of Civil Engineering and Management, vol.
23, no. 4, pp. 499-509, 2017.
I. Yuksel and M. Dagdeviren, “Developing a fuzzy analytical
process (AHP) model for behavior -based safety management,”
Information Sciences, vol. 178, pp. 1717-1733, 2008.
R. W. Saaty, “The analytical hierarchy process-what it is and how
it is used,” Mathematical Modelling, vol. 9, no. 3-5, pp. 161-176,
1987.
T. L. Saaty, “Decision making with the analytical hierarchy
process,” Int. J. Services Sciences, vol. 1, no. 1, pp. 83-98, 2008.
L. Mikhailov, “Deriving priorities from fuzzy pairwise
comparison,” Fuzzy Sets and Systems, vol. 134, pp. 365-385, 2003.
L. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, pp. 338353, 1965.
D. Adebanjo, T. Laosirihongehong, and P. Samaranayeke,
“Prioritizing lean supply chain management initiatives in health
care services operations: Fuzzy AHP approach,” Production
Planning and Control: The Management Operations, vol. 27, no.
12, pp. 953-966, 2017.
Z. P. Fan, G. F. Hu, and S. H. Xiao, “A method for multi attribute
decision making with the fuzzy preference relationship,”
Computers & Industrial Engineering, pp. 321-327, 2004.
K. S. Chen and M. L. Huang, “Performance measurement for a
manufacturing system based quality, cost and time,” International
Journal of Production Research, pp. 1-23, 2006.
S. Y. Chou, Y. H. Chang, and C. Y. Shen, “A fuzzy simple
additive weighting system under group decision making for
facility selection with objective/subjective attributes,” European
Journal of Operation Research, vol. 189, pp. 132-145, 2008.
C. I. Hwang and K. Yoon, Multi Attribute Decision Making,
Method and Applications, New York: Springer-verlag, 2004.
J. J. Buckley, “Fuzzy hierarchical analysis,” Fuzzy Sets and
Systems, vol. 17, pp. 233-245, 1985.
P. Laarhoven and N. Pedrycz, “A fuzzy extension of saaty's
priority theory,” Fuzzy Sets and Systems, vol. 11, no. 3, pp. 229241, 1983.
D. Y. Chang, “Theory and methodology: Application of extend
analysis method on fuzzy AHP,” European Journal of Operation
Research, vol. 96, pp. 649-655, 1996.
G. H. Tzeng and J. J. Huang, Multiple Attribute Decision Making:
Methods and Applications, USA: CRC Press, 2011.

© 2018 Journal of Industrial and Intelligent Information

Maji I. Abubakar obtained his Master’s
degree.
in
Advanced
Manufacturing
Technology from the University of
Portsmouth, UK. He is currently a PhD
research student at Faculty of Technology,
School of Engineering, University of
Portsmouth. his research interests are
manufacturing systems, human factors and
ergonomics, modelling and simulations of
manufacturing systems. He is a member of
IET and Nigerian society of Engineers.
Dr. Q. Wang is a senior lecturer in
manufacturing systems and management; he
has experience from both industry and
academia. He has broad interests in
manufacturing systems design, information
systems for manufacturing, logistics and
supply
chain
integration,
sustainable
manufacturing and lean production, and
digital manufacturing.

30

