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Abstract-- In most industry, assembly line job environments 
such as workstation design is one of key factors contribute to 
workers’ performance. Workstation design such as: standing 
or sitting, the use of tools such as jig and the height of working 
table are influencing worker’s productivity. This research is 
an attempt to investigate the effect workstation design factors 
to assembly time. Workstation factors include Workers, 
Position: standing or sitting, Table-height, and Tools: with Jig 
and without Jig to assemble an electrical appliance (a plug). 
Design of experiment of 24 i.e. two level of each factors is used.  
Two subjects were employed to conduct the experiments. 36 
experiments for each level of factors were done, 288 
experiments for 8 different sets were conducted for each 
subject. The results show that Tool in this case the use of Jig 
and Table, have significant effect to the response time 
(assembly time) and interaction of three factors: Tool, Table, 
and Position have significant influence on the assembly time. 
 
Keywords: Optimum, Productivity, Workstation Design, 
Ergonomics, Factor, Table, Position, Jig, and Assembly-time.  
 

I.  INTRODUCTION 
Workstation design is one of the major areas in which 
human factors or Ergonomics professional can help 
improve the fit between human, machine and environment. 
Good design of workstation considering the human factor 
anthrophometry data to make workstation that is 
comfortable and support productivity improvement.  
Productivity in assembly line determined by many 
variables, among others: 

a. Skill of the workers;  
b. Design of equipment or tools;  
c. Design of workstation; and  
d. Design of assembly process.  

Productivity improvement can be upgraded or enhanced by 
controlling variables, which contribute to the productivity. 
In most industry, assembly line job environments such as 
workstation design including working position such as: 
standing or sitting, the use of tools such as jig and the 
height of working table are influencing workers’ 
performance.  

Most of jobs environment in industry applies standing or 
seated work. Standing workstations are usually applies 
when job requires workers to do activities that need 
frequent movements, handle heavy or large objects or exert 
large forces. Whereas seated workstation is chosen usually 
for long-term duration job. A seated workstation allows 

better controlled on arm movements provides a stronger 
sense and balance. Standing posture, however prolonged 
standing could be stressful that put excessive load to the 
body and may lead to body accumulation in the legs [11]. 

Additional tool, such as jig, is designed to help workers’ 
performance to do the job easier, faster and more 
comfortable. However, jig may also hinder some workers 
in doing their job, if the design of the jig is not suitable to 
the workers. Design of jig should such that help worker in 
performing their job and more productive. 
 
Table height of an assembly line may contribute to 
performance of workers when position is either standing or 
sitting. There are researches regarding the types of works 
and the height ideally for workers. Grandjean, 1988 [11], 
has made exploration work surface height for different 
kinds of jobs. He proposed precision work for men should 
be set at 100-110 cm, light work around 90-95 cm and 
heavier work around 75-90 cm.   

Previous works [6] [1] [5] [3] explain that productivity may 
also be improved by applying the principles of ergonomics 
in the job environments, more specific workstation design. 
Poor workstation design contributes to lower productivity. 
The studies discuss ergonomics intervention may improve 
productivity, quality, operators’ working condition, 
occupational health and safety (OHS), and even cost 
effectiveness. The areas of interest of working environment 
studied include workplace layouts, working tables and 
chairs of appropriate height, fixing hand-tools, better 
lighting and job rotation and also working postures.  

On regards to specific industry such as electronics, [1] [5] 
discuss optimizing workstation design in printed circuit 
assembly and computer hardware. Both studies reported 
ergonomics intervention implemented contribute to 
improvement of productivity, quality, and reduction of 
injuries. Both studies also confirmed that ergonomics 
improvements have resulted in cost savings in million 
dollars [5]. Detailed improvement of workstation design in 
[1] includes adjustment of the height of switches and 
computer keyboard for easy to reach, space to rest operator 
arms, and reduce ambient illumination. 
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Other studies [8], [12], [7], reported concerning 
workstation design assessment in different types of industry 
as oppose to productivity. Other aspect studied were the 
musculoskeletal load and exertion associated with different 
design of workstation. The results of the evaluation formed 
on a basis of recommendation for an improvement of 
workstation design.   

This paper will discuss how different designs of 
workstation contribute to variety of workers’ productivity.  
For the purpose of this research a plug, product of small 
medium electrical appliances industry, was used. Different 
sets of workstation design were assessed to see their impact 
to assembly time. Table height was reportedly for previous 
study affect the productivity, two sets of height table design 
used, and Position of workers either standing or sitting 
were set. A special designed jig for assemble was created. 
This study also discusses the effect of Tool design whether 
it contributes to worker productivity. .  
 

II.  OBJECTIVE 
The objective of this research is to explore: 
i. effect of different workstation designs i.e. different 

height of the table and different position of the worker 
standing or sitting to the response time; 

ii. effect of using Tool in this case a jig in assembly line 
to the response time; 

iii. optimum setting of workstation design with 
considering factors: table height, position of work: 
standing or sitting and the use of tool: jig. 

 
III.  METHOD 

 
3.1  Design of Experiment 
There are four factors to be tested to see the effect of each 
the factor to the productivity in this case the time needed to 
finish the job (assembly time). These factors are: 1) Table 
height; 2) Position of subjects, standing or sitting; and 3) 
Tools, using Jig and without Jig, and 4) Operator. 
For table height is set to. 91 cm and 103 cm. These sets 
were based on literatures on working environment needed 
for light work and precision work based on study 
recommended by Grandjean, 1988 [1]. 
 
The design of experiment for this particular setting is 
2x2x2x2 (24). Each factor has two level sets, Table height 
is set is –1 and 1 for 91 cm and 103 cm respectively, Tools 
is set –1 for without Jig and 1 for jig, Position is set –1 for 
standing and 1 for sitting and lastly the subject #1 is set –1 
and sebject#2 is 1. 
 
3.2  Subjects  
Two subjects participated in these experiments. They were 
chosen based on their working past performance, they have 
been showing a constant quality of work during their period 
of jobs, both of them are still young age around 28 years 
old. The average height is 170 cm. They were trained to 
familiarize with the tool and also the environment of work.  
 
 

Table 1  
Design of Experiment 2x2x2x2 

 
No Position Jig Table Operator Assy-Time 

1 -1 -1 -1 -1   

2 1 -1 -1 -1   

3 -1 1 -1 -1   

4 1 1 -1 -1   

5 -1 -1 1 -1   

6 1 -1 1 -1   

7 -1 1 1 -1   

8 1 1 1 -1   

9 -1 -1 -1 1   

10 1 -1 -1 1   

11 -1 1 -1 1   

12 1 1 -1 1   

13 -1 -1 1 1   

14 1 -1 1 1   

15 -1 1 1 1   

16 1 1 1 1   
 
 
3.3  Experiment Task 
Every subject performs 288 experiments i.e. produce 288 
plugs. Number of experiments for each different level and 
set (Table, Tool, and Position) are 36 experiments. There 
are 8 different ways of doing the experiments. Every plug 
has 7 components. The process of assemble has been 
designed such that the sequence of picking the components 
follows the order.  
The response time, time needed to finish the assembly, is 
recorded by using stopwatch. The first data recorded is 
when subject has done certain amount of experiments such 
that the subject already comfortable in doing his job, and 
the time also shows a constant rate. In other word, the 
subjects have achieved learning curve. 
 
3.4  Tools: 
List of tools used for this research as follows: 
1) Screw driver powered by air pressure. This Screw 

driver can be operated to move clock wise and anti 
clock wise; 

2) A stop watch to record assembly time of a plug; 

3) CATIA software; 

4) A pen and table paper to document the response time. 

5) Adjusted table height. 

6) A chair for subject to seat while working; 

7) A jig designed to accommodate four plugs at a time, 
see Figure 1; 

8) Compartments, for holding the components of a plug. 
There are 7 compartments holding 7 type of 
components; 

9)  A compartment or bag to collect finished product. 
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Figure 1: Design of Jig 

 
3.5  Standing Position 
Figure 2 and Figure 3 show the isometric, front, side and 
top views as well as vision of a subject (inset) while 
performing the task in standing position. In both positions, 
the table height is adjusted to 91 cm and 103 cm.   
 

     
 

 
 

Figure 2: Standing position, isometric view (up) and front 
view (down)  

   

 
Figure 3: Standing position, side view (up) and top view 

(down) 
 

3.6  Sitting Position 
 
Figure 4, 5 and Figure 6 illustrate the isometric, front, side 
and top views as well as vision (inset) of a subject 
performing the task in sitting position. The table height is 
adjusted to 91 cm and 103 cm in both positions. 
 

  
Figure 4: Sitting position, isometric view  
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Figure 5: Sitting position, front view  

 

    

 
Figure 6: Sitting position, side view (up) and top view 

(down) 
 

IV.  RESULTS 
 
The First test is to verify whether two subjects have 
different quality of work, or performance. This is necessary 
to make sure the inferences made from the results may 
work for both subjects.  The T test for single factor were 
conducted to see any significant different between two 
subjects. Both tests show that there is not any significant 
different between two subjects mean performance. T Stat 
(0.5438) < T Critical one tail 1.65 or t critical two tail 
(1.968), see Table 2.  
 

Table 3 shows descriptive statistics result of different 
setting workstation design for subject # 1. F-1 means the 
experiment set is using Table height 91 cm, Tool: Without 
Jig, and Position: Standing; F-2 Position change to Sitting 
the rest are the same; F-3 Tool: use Jig; and Position: 
Standing; F-4 Position change to Sitting. F-5 the same with 
setting F-1 except Table height change to 103 cm; F-6, F-7, 
and F-8 are followed. It points up that different sets present 
a range of mean and standard deviation. First assessment of 
the results may conclude that position of subject either 
standing or sitting (assuming other factors Table and Tools 
in the same set) does not provide significant different. For 
example at position Table 91 cm and No Jig, standing and 
sitting provides 30.69 sec and 30.24, while with jig 
standing and sitting gives 27.09 sec and 23.62 sec. First 
evaluation shows the present of tool gives significant 
different to the assembly time. For instance the average of 
using No Jig and Jig 30.46 sec compare to 25.35 sec. for 
Table set 91 cm, and 35.06 sec compare to 26.67 sec for 
Table 103 cm. While different set of Table i.e. Table 91 cm 
and 103 cm provides mean 27.91 sec compare to 30.86 sec. 
 

Table 2: 
t-Test: Paired Two Sample Means 

  Subject#2 Subject#1 
Mean 29.66451 29.38656 
Variance 30.38457 45.73449 
Observations 288 288 
Pearson Correlation 0.011985  
Hypothesized 
Mean Difference 0  
Df 287  
t Stat 0.543854  
P(T<=t) one-tail 0.293482  
t Critical one-tail 1.65018  
P(T<=t) two-tail 0.586964  
t Critical two-tail 1.968264   

 

Table 3 

Descriptive statistics of Results Subject #1 

 F-1  F-2 F-3 F-4 F-5 F-6 F-7 F-8 

Mean 30.69 30.24 27.09 23.62 38.07 32.05 26.00 27.33 
Std. 
Error 1.19 1.25 0.39 0.27 1.29 0.95 0.75 0.36 

Median 29.01 27.82 27.35 24.03 37.84 31.78 27.21 26.94 
Std. 
Deviatio
n 7.12 7.47 2.33 1.61 7.73 5.68 4.52 2.19 
Sample 
Variance 50.71 55.85 5.44 2.61 59.76 32.28 20.40 4.79 

Range 36.45 30.49 8.27 5.16 27.57 28.94 16.20 6.99 
Minimu
m 21.19 20.97 23.78 20.54 24.26 21.12 15.10 23.14 
Maximu
m 57.64 51.46 32.05 25.70 51.83 50.06 31.30 30.13 
C.L 
(95
%) 2.41 2.53 0.79 0.55 2.62 1.92 1.53 0.74 
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For subject # 2, the results (see Table 4) are slightly 
different compare to subject # 1. For example the Mean for 
various setting of table and without jig, standing and sitting 
position provides 22.88 sec compare to 25.55 sec. While 
using jig, standing and sitting provides 35.52 sec compare 
to 27.41 sec. These two results show non consistent for 
position, on the first set sitting is slower compare to the 
second one, this may be due to using jig and no jig. Further 
investigation should be carried on which factors contribute 
more in reducing or increasing assembly time.  
Table 4 shows descriptive statistics results of Subject #2. It 
shows more consistent in terms of assembly time, it can be 
seen from the standard of deviation, there are not much 
different. 
 

Table 4 

Descriptive statistics of Results Subject #2 

 A-1 A-2 A-3 A-4 A-5 A-6 A-7 A-8 

         

Mean 22.88 25.88 32.52 27.41 31.61 29.68 31.90 35.42 
Stand
ard 
Error 0.61 0.61 0.82 0.51 0.92 0.88 0.43 0.36 
Medi
an 22.44 25.55 31.43 26.27 30.70 28.97 32.35 35.93 

STD 3.67 3.65 4.91 3.04 5.53 5.31 2.58 2.19 
Samp
le 
Var. 13.49 13.33 24.07 9.25 30.61 28.17 6.65 4.79 
Rang
e 14.68 14.26 14.53 8.59 25.04 26.09 7.30 7.01 
Mini
mum 15.39 18.19 27.29 24.70 22.45 19.46 28.42 32.35 
Maxi
mum 30.07 32.45 41.82 33.29 47.49 45.55 35.72 39.36 
C.L.(
95.0
%) 1.24 1.24 1.66 1.03 1.87 1.80 0.87 0.74 

 

Figure 7 and Figure 8 illustrates the mean and standard 
deviation for every set of workstation design for each 
subjects. Subject #1 (F) and subject#2 (A), the Mean for 
each set of workstation design is not much significant, 
however most of the standard deviation for subject #2 (A) 
are less than Subjects# 1, it shows more consistent  in 
assembly time. 
 
Further investigation is to observe whether there is a 
significant different among the setting of experiments, 
Analysis of Variance (ANOVA) for with single factor for 
first subject (Subject #1) and also subject #2 were used. 
The F Test for both subjects show there exist a significant 
different among the setting of the experiments, meaning 
different position, the height of table and the use of Jig and 
no Jig, contribute to significant different to the response 
time (assembly time). Table 5 and 6 shows the ANOVA 
analysis for single factor of subject #1 and #2. 
 
 
 
 
 
 

Figure 7 Mean of two subjects for different set of factors 
(in second) 

Mean

0.00

10.00

20.00

30.00

40.00

50.00

Mean

Mean 22.8 30.625.8 30.232.5 27.027.4 23.6 31.638.0 29.632.0 31.9 26.0 35.4 27.3

A-1 F-1 A-2 f-2 A-3 F-3 A-4 F-4 A-5 F-5 A-6 F-6 A-7 F-7 A-8 F-8

 
 
Figure 8 Standard errors of two subjects for different set of 

factors (in second) 
 

Standard Error

0.00
0.20

0.40
0.60

0.80
1.00

1.20
1.40

Standard Error

Standard Error 0.61 1.19 0.61 1.25 0.82 0.39 0.51 0.27 0.92 1.29 0.88 0.95 0.43 0.75 0.36 0.36

A-1 F-1 A-2 f-2 A-3 F-3 A-4 F-4 A-5 F-5 A-6 F-6 A-7 F-7 A-8 F-8

 
 

Table 5  
Anova: Single Factor combination of Table-Tools 

and Position  

Subject # 1      

SUMMARY      

Groups Count Sum Average Variance   

F-1 36 1104.99 30.69417 50.7076   

F-2 36 1088.7 30.24167 55.84857   

F-3 36 975.4 27.09444 5.4411   

F-4 36 850.16 23.61556 2.607043   

F-5 36 1370.49 38.06917 59.76303   

F-6 36 1153.85 32.05139 32.28432   

F-7 36 935.9 25.99722 20.39859   

F-8 36 983.84 27.32889 4.785222   
ANOV
A       
Source 

of 
Variati

on SS Df MS F 
P-

value F crit 
Betwee
n 
Groups 

5011.5
57 7 715.9367 24.70499 

3.81E-
26 

2.042
359 

Within 
Groups 

8114.2
41 280 28.97943    

       

Total 
13125.

8 287         
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Table 6: Anova: Single Factor 
Subject #2      

SUMMARY      

Groups 
Coun

t Sum Average Variance   

A-1 36 
823.8

3 22.88417 13.48785   

A-2 36 931.6 25.87778 13.32894   

A-3 36 
1170.

88 32.52444 24.0651   

A-4 36 
986.8

4 27.41222 9.248635   

A-5 36 
1138.

05 31.6125 30.60869   

A-6 36 
1068.

54 29.68167 28.17377   

A-7 36 
1148.

48 31.90222 6.646349   

A-8 36 
1275.

16 35.42111 4.788833   

ANOVA       
Source of 
Variation SS Df MS F 

P-
value F crit 

Between 
Groups 

4158.
187 7 594.0267 36.45785 

4.69E-
36 

2.04235
8 

Within 
Groups 

4562.
186 280 16.29352    

Total 
8720.

373 287         

 
Further analysis to investigate which factors contribute 
more significant than the others, and which interaction 
between factors, that provide significant contribution to 
assembly time. Factorial Design analysis is applied to 
distinguish the factors and each interaction.  Four factors 
are being investigated simultaneously i.e. Table, Tool, 
Position and Subjects.  
The mathematical model for 2x2x2x2 factorial experiments 
with 10 observations per cell run as follow:  
 
Yijkl = µ +Ai + Bj + ABij + Ck + ACik + BCjk + ABCijk + 
Dl + ADil +BDjl + CDkl + ABDijl+ ACDikl + BCDjkl 
ABCDijkl 
 
Since from previous observation found out that the effect of 
subject is not significant, so the research only interested to 
find out the interaction of only three factors namely Table, 
Tool and Position, so the model would be: 
 
Yijkl = µ +Ai + Bj + ABij + Ck + ACik + BCjk + ABCijk + Dl  
 
Table 7 illustrates the result of Analysis of Variance for 
each factors Table, Tool, and Position and its interaction of 
two ways and three ways to the various response time 
(assembly time). Among single factors, Table height is a 
significant factor with level of significance at 0.05. Two 
sets of table-height one is 91 cm (non-precision) and the 
other 103 cm. The latest is more suitable for the job, this 
may due to the height the subjects such that working with 
this height is more suitable. 
Combination factors of two: Tools (jig) - Table, and Tool -
Operator shows significant effect to the assembly time, 
these are shown from the probability closed to zero. The 
same situation also shown for three combination factors: 
Table, Tool and Position, is a significant element. 

 
Table 7 Factorial Fit: Assy=Time versus Position, 

Jig, Table, Operator 
Estimated Effects and Coefficients for Assy=Time (coded units.) 

Term Effect Coef SE Coef T P 

Constant   29.292 0.3612 81.1 0 

Position 0.479 0.239 0.3612 0.66 0.508 

Jig -0.707 -0.353 0.3612 -0.98 0.33 

Table 1.5 0.75 0.3612 2.08 0.04 

Operator -0.55 -0.275 0.3612 -0.76 0.448 

Position*Jig 0.209 0.104 0.3612 0.29 0.773 

Position*Table 0.929 0.464 0.3612 1.29 0.2 

Jig*Table -3.171 -1.586 0.3612 -4.39 0 

Jig*Operator -6.326 -3.163 0.3612 -8.76 0 

Table*Operator -0.448 -0.224 0.3612 -0.62 0.536 

Pos.*Jig*Table 4.303 2.151 0.3612 5.96 0 
 
Figure 9 and Figure 10 confirm the result of Table 7 that 
Table factor and combination of factors BC which is Jig 
and Table and BD-Tool (Jig) and Operator three 
combination ABC (Table, Jig and Position) are significant 
factors to response time. 
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Figure 9 Normal Probability Plot  
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Figure 10 Pareto chart 
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Further investigation is on which setting of combination 
factors contribute to the lowest assembly time. Figure 11 
Box plot of assembly time shows that the lowest average 
assembly time was achieved at the setting of Table 103 cm 
height, Using Tool: Jig, and Position is standing, the 
assembly time is 25.1435 second. This combination also 
produces the lowest assembly time i.e. 15.10 second and 
the lowest upper bound  around 29 second.  
 

A
ss

y=
Ti

m
e

Position
Jig

Table

1-1
1-11-1

1-11-11-11-1

50

40

30

20

10

31.063

27.502

30.429
29.132

25.1435

32.0465
33.5325

25.4875

Boxplot of Assy=Time vs Position, Jig, Table

  

Figure 11 Box Plot for Assembly Time 

 

V. CONCLUSION AND FURTHER RESEARCH 

Significant findings pertinent to the impact of various 
condition of workstation design to response time (assembly 
time).  The following findings are concluded: 
(i) Among the single factors: Table, Tool, and 

Position, the Table height has significant 
contribution to the assembly time with 
significance level 0.05. 

(ii) Among combinations of two factors, the result 
showed the Tool (jig) and Operator have 
important effect to the assembly time, this shows 
that the design of jig helps the worker to perform 
their jobs. 

(iii) Other two combination factor Tool and Table also 
demonstrates an important factor to assembly 
time.  This restates the finding before. 

(iv) The combination factors of three: Table-height, 
Tool and Position have significantly help subjects 
in performing their jobs. It has shown statistically 
this combination factor is a significant contributor 
to the Response time (assembly time).  

(v) Among the setting of experiments, the optimum 
setting that gives the lowest average assembly 
time is the combination of Table height 103 cm, 
use of Tool (jig) and Position of working standing.   

 
There are some areas need to explore further, among others 
are: 
1) Design of jig was chosen can handle 4 plugs at the 

same time, the optimum number should be 

investigated, how many is the optimum plugs that give 
the shortest assembly time; 

2) Design of assembly process, can be explored further 
whether two or three series of subjects would be better 
than single subject finish the job. 

3) Design of product itself can be investigated further, the 
number of components would play significant 
contribution the response time. 
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