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Abstract. The current study aims at evaluating the reorganization of work processes on the basis of studies of three assembly 
lines in a well known component manufacture of the German automotive industry. It is of particular interest to evaluate the 
impact of the introduction of Chaku-Chaku assembly lines on the production goals, distribution of activities during one typical 
work day and psychosocial characteristics of the work environment. Findings indicate that the Chaku-Chaku assembly lines 
could represent a successful production strategy in order to enhance the output levels of work systems. However, the data 
show that interviewed assembly workers have spent more time on value added activities than before. The intensive perception 
of the time spent on main work activities (direct value added activities) and a simultaneous decrease of available discretionary 
time between work tasks seem to be related to the low level of the reported psychosocial work characteristics. 
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1.  Introduction 

The automotive industry is an economic key sector 
in every major country of the world. In Europe the 
German automotive industry is one of the most im-
portant branches. In 2009 the number of workplaces 
amounts to approx. 723.000 employees (manufacture 
of vehicles, trailers and bodies and parts and accesso-
ries) [1]. However, the existing working conditions 
in many manufacturing shop floor areas are not con-
sistent with the economic and social importance of 
this branch. Only sometimes, a balance between 
industrial development and physical and psychologi-
cal well-being of workers can be reported [2]. 

Production systems are the organizational ap-
proach to run the business of the enterprise in 
which manufacturing areas are set. [3]. Today, most 
of the automotive manufacturers and suppliers adopt 
the Toyota Production System (TPS) as a framework 
for an integrated production management. Since its 
introduction, the TPS has experienced many changes 
and has, at the same time, contributed to changes in 
the interaction between the worker and his envi-
ronment. Throughout the last decade, introduced 
changes are first of all a primary result of the experi-
ence of other companies having introduced TPS into 
their respective work environments. This has lead to 
a process of alteration and adaptation of some ele-
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ments of TPS. Many companies have taken advan-
tage of this and adapted some TPS-Elements to their 
real work environments. Secondly, the global com-
petitiveness and the sharp mark situation over the 
last years has had the automotive global market in-
crease the levels for output, quality and variety of 
produced vehicles with fewer costs. This phenome-
non is accompanied by an expansion of the TPS 
into a wider sector (e.g.: adoption in the supply 
change, integration of new technologies, etc.) [4]. 

Maintaining the human resource policy of TPS, 
the increased introduction of alternative assembly 
systems (e.g. Chaku Chaku Assembly Concepts) into 
the German Automotive industry is striking. Chaku-
Chaku (Japanese: load-load) assembly concepts are 
cellular assembly systems which imply new charac-
teristics in the job design of assembly workplaces. 
This way of production, originating in the Japanese 
electronics industry [5], seeks the rigorous elimina-
tion of waste based on the Just-In-Time approach. In 
this way, the worker mainly deals with the value 
added production of goods [6]. 

With regard to this development, it is interesting to 
observe the growing preference and introduction of 
Chaku-Chaku assembly cells into the German auto-
motive industry, instead of typical line-based assem-
bly concepts (also called straight assembly lines). In 
this context, the current study aims at evaluating the 
effects of performed assembly work in two Chaku-
Chaku assembly lines and compares the results with 
changes in a typical straight assembly line. Based on 
the longitudinal methodology for the current study, 
firstly the authors explore the effects of the introduc-
tion of Chaku-Chaku assembly lines on work per-
formance in terms of reached productivity. After this, 
the authors report the impact of Chaku-Chaku as-
sembly lines on the distribution of time spent by 
blue-collar workers on different working tasks. Fi-
nally, changes in the perception of psychosocial 
characteristics of the work environment are reported 
for each studied sample. 

2.  Methodology 

The three studied sampled are studied in the 
framework of a longitudinal analysis which consists 
of two points of data collection. The use of research 
methods (see Item 2.2.) are complemented by regular 
inspection of the workplaces during the time of data 
collection. 

2.1. Description of samples 

The empirical research takes place in a worldwide 
component manufacture of the German automotive 
industry. Each sample is organized according to prin-
ciples of team work. Each team consists of 8 to10 
workers and a team leader. The company presents a 
span of control of 30 workers per supervisor. The 
principal demographic data of the studied samples 
are described in the following (see Table 1). 

2.1.1. Sample A 
In the production area 30 blue-collar workers are 

employed. They assemble handbrake levers for per-
sonal cars. Here, two independent assembly cells are 
positioned next to each other. Each assembly cell 
consists of two workstations which are arranged ac-
cording to the Chaku-Chaku approach. The compo-
nents are supplied by an operator (line-filler) from 
outside of each cell. In each workstation the main 
assembly tasks are the manual loading of parts for 
the automatic assembly into the machines. After the 
automatic start, the assembly worker walks to the 
next machine in order to repeat this operation. Dur-
ing the time period of investigation this sample is in 
the start-up phase. The cycle time amounts to 25 sec. 
at the time of second data collection. 

2.1.2. Sample B 
Altogether there are 35 blue-collar workers in this 

assembly area, where exhaust pipes are produced. 
The assembly of the single parts (e.g.: catalytic con-
verters, sheet metal parts, pipes) for diesel and gas 
engines of personal cars are carried out in four as-
sembly cells. Each cell consists of between 1 and 5 
workstations arranged according to the Chaku-Chaku 
assembly concept. Here, each worker loads and un-
loads single parts along a mostly circular path lead-
ing them through several stations. In contrast to sam-
ple A, sample B already reaches a steady stable (full 
production capacity) at the time of the first data col-
lection (pre-intervention) and undergoes changes 
principally due to improvement measures from CIP-
Workshops (Continuous Improvement Process). The-
se are based on the Lean Production philosophy [7] 
and seek to reduce the scrap levels and eliminate the 
share of non-value added activities. There is only a 
minor change in the average cycle time from 50 sec. 
at the time of the first data collection to 49 sec. at the 
time of the second data collection. Furthermore in 
several workstations, a high noise level (> 85 dBA) 
results from the operation of engraving machines. 
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2.1.3. Sample C 
Around 90 blue-collar workers are employed in 

the assembly of gearboxes for personal cars. In this 
sample the assembly parts are arranged in a pallet 
that is transported by conveyors through the different 
work stations. During the cycle time, when the pallet 
remains stationary, every worker performs several 

assembly tasks (e.g.: main assembly tasks, pre-
assembly tasks, operation of machines or hand-hold 
tools). During the time of investigation, changes in 
the workplace design are introduced into this sample. 
The typical straight assembly line has a cycle time of 
85 sec. at the time of the first data collection and 74 
sec. at the second point of data collection. 

 

Table 1 
Main demographic data of the studied samples at the time of the first and second data collection  

(*The cycle time in sample A varies at the beginning of the start-up phase) 
 

 

 
 
 

 

 
 
 

  

Time of data collection Pre Post Pre Post Pre Post 

Assembled product Handbrake Lever     
(Sample A) 

Exhaust Pipe          
(Sample B) 

Gearbox              
(Sample C) 

Manufacturing Method Chaku-Chaku Chaku-Chaku Straight line          
(conveyor) 

Cycle time (sec.) * 25 50 49 85 74 

Age  
(cross-sectional) 32,1 36,7 40,1 42,6 34,5 38,5 

Gender 
(cross sectional) 

15�       
2� 

12�      
16� 

22�       
0� 

34�        
1� 

46�        
3� 

44�    
8� 

Age  
(longitudinal) 34,4 36,0 43,9 45,6 37,3 40,9 

Gender 
(longitudinal) 

11�                 
0� 

1�                   
9� 

11�                  
0� 

 
 

2.2. Methods 

2.2.1. Documentation of changes 
Performed organizational and technical changes in 

work place design are based on improvement meas-
urements of CIP-Workshops. These changes as well 
as the reached output (productivity) are documented 
and analyzed from company records. 

2.2.2. Worker activities 
In order to analyze the distribution of worker ac-

tivities at the time pre and post intervention (first and 
second point of data collection), five experienced 
workers of each sample are interviewed. They are 
asked about the time spent on defined work activities 
occurring during a typical work shift at the time of 
the first and second point of data collection. The 
classification is made according to the “REFA- Clas-
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sification of work process” [8] and implies the time 
spent on six categories which are consistent with the 
value-added activities according to TPS [9]. 

2.2.3. Psychosocial characteristics 
The subjective perception of psychosocial work 
characteristics are assessed using the SALSA-
Questionnaire [10]. From the 13 scales of SALSA, 
four scales (15 single items) are related to the psy-
chosocial conditions of the work environment and 
are reported in this study. Each item is rated accord-
ing to a five-graded Likert scale ranging from 
‘‘hardly ever’’ to ‘‘nearly always’’. 

3. Results 

3.1.  Documentation of changes 

Firstly, the mayor changes in the technical and or-
ganizational work environment are presented. After 
this, data referring to the development of productiv-
ity are shown for each studied sample. As mentioned 
above, the introduced changes in workplace design 
are carried out in the framework of a reorganization 
process according to the internal corporate produc-
tion system which is based on TPS. Changes in the 
workplace design can be resumed as presented in the 
following: 
� Sample A: The introduced changes are focused 

on the improvement of the machine availability. 
The first point of data collection is characterized 
by a regular interruption of the work activities 
due to the low level of machine availability dur-
ing the ramp-up phase. The technical repair re-
works at this point of data collection are carried 
out by external staff. At the time of the second 
point of data collection (end of the ramp-up 

phase) several little maintenance and repair 
works are taken over by the blue-collar workers 
in this sample. 

� Sample B: The major changes in this area point 
out an improvement in quality of the assembled 
products. In this context CIP-Workshops are 
partly focused on the enhancement of the ma-
chine availability. Additionally, work activities 
related to non-value added motion and waiting 
of operators are systematically reduced. 

� Sample C: In the straight assembly line changes 
in work place design are introduced in order to 
eliminate the share of non-value-activities such 
as waiting times of operators during assembly 
work. Additionally, assembly parts or tools are 
positioned as close as possible to the point of 
assembly so that awkward arm postures and 
non-value added times are reduced. In order to 
reduce the workload related to manual material 
lifting of heavy parts, ergonomic improvements 
are also introduced in this sample (e.g.: intro-
duction of levelators).  

Fig. 1 shows the number of units produced in each 
sample during a representative time period between 
the first and second point of data collection. In this 
context, these figures describe the development of 
the repetitiveness of the assembly tasks. 

A sharp increase in productivity can be observed 
in sample A (left side of Fig.1). The number of units 
produced at the end of the ramp-up phase corre-
sponds to a nearly 2.3fold increase of the figure of 
the first data collection. Furthermore, sample B pre-
sents (right side of Fig. 1) a constant trend in the out-
put development. Moreover, sample C (at the bottom 
of Fig.1) presents approx. a 1.2fold increase in the 
number of produced gearboxes during the time of 
study 
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Figure 1: Development of productivity for sample A (Chaku-Chaku), sample B (Chaku-Chaku) and sample C  
(Straight assembly line) during a representative time period within the investigation time.  

(The illustrated output has been standardized according to the respective figure at the beginning). 
 

3.2. Worker activities 

Table 2 shows the changes of the defined work ac-
tivities at the time pre and post the intervention. As 
expected, the interviewed workers in sample A report 
a statically significant increase in the time spent on 
“direct value added tasks”. Furthermore, on the one 
hand they report spending more time on “supplemen-
tary activities” (e.g.: repair tasks and rework) and on 
the other hand about a decrease in waiting times due 
to “disturbance related activity interruptions” (e.g.: 
waiting for machine repair, waiting due to the un-
availability of tools). 

Unexpected to our assumptions, there is a stati-
cally significant increase in the reported time spent 
on “main activities” in sample B. Moreover, the 
interviewed workers perceive a decrease in the time 
spent on “disturbance related activity interruptions”. 
With regard to the perceived changes in work activi-
ties in sample C, there is a decrease in the perceived 
time spent on “indirect value added tasks”, as well as 
in the category “not recognizable/assignable” (e.g.: 

the category “not recognizable/assignable” (e.g.: un-
scheduled ergonomic micro-breaks). Furthermore, 
there is an increase in the time spent on “main activi-
ties”. However, this difference is not statistically 
significant.  

3.3. Psychosocial characteristics 

Table 3 shows the results of the cross-sectional 
and longitudinal analyses of the psychosocial charac-
teristics in the three studied samples. Sample A 
shows the most extensive level of significant changes. 
The results reveal a decrease in the perceived “posi-
tive social climate” in the cross-sectional analysis. In 
the same way, this sample shows a reduction in the 
perceived “employee-centered supervisor behavior”. 
This change in the cross-sectional study can be con-
firmed by a decreasing trend (p< .10) in the longitu-
dinal study. The workers in this sample also report 
about a decrease in the “social support by supervi-
sor” in the cross-sectional analysis and at the same 
time about a declining trend in the longitudinal study. 

Output per worker for sample B Output per worker for sample A

Output per worker for sample C

Year 
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No statistically significant changes of the psychoso-
cial working conditions are found in sample B. The 
workers questioned in sample C only report about a 
significant decrease in the “social support by super-
visor” in the cross-sectional analysis. The other three 
SALSA-subscales do not show any significant 
changes.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Table 2 
Mean and standard deviations (in percent) of worker activities and the required amount of time at the first and second 

 measurement point according to the REFA- Classification of work process (* p < .05; ** p < .01) 

 

Table 3 
Pre- and post- means for measures of the psychosocial work characteristics according to the SALSA-Questionnaire,  

where 1 = “hardly ever'' and 5 = "almost always”' (CS: Cross-sectional; L: Longitudinal; ( + p < .10;* p < .05; ** p < .01 ). 

 Sample A     
(CS) 

Sample A   
(L) 

Sample B 
(CS) 

Sample B   
(L) 

Sample C    
(CS) 

Sample C   
(L) 

 Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
N (Subjects) 18 29 10 23 35 11 49 54 13 

Positive social climate 3,9 3,5* 4,1 3,8 2,9 3,0 2,8 2,9 3,0 3,0 3,0 3,0 

Employee-centered 
supervisor behavior 3,8 2,9** 3,7 3,1+ 2,8 2,9 2,7 2,9 3,1 2,9 3,1 3,0 

Social support by 
supervisor 4,2 3,2** 3,9 3,4+ 3,2 3,3 3,0 3,2 3,6 3,1** 3,6 3,4 

Social support by 
coworkers 4,0 3,6 4,0 3,6 3,3 3,4 3,1 3,0 3,4 3,4 3,3 3,3 

 
 

 
 Pre Post Pre Post Pre Post 

Work process type 
(According to [8]) 

Sample A 
(N=5 Interview.) 

Sample B 
(N=5 Interview.) 

Sample C 
(N=5 Interview.) 

1. Main activities 
(Direct value added tasks) 

40      
(3,5

) 

*
* 

61      
(4,2) 

59        
(6,5) 

*
* 

76       
(6,5) 

59       
(6,5)  67      

(6,7) 

2. Ancillary activities 
(Indirect value added task) 

15      
(9,4

) 
 11      

(4,2) 
11        

(4,2)  7        
(2,7) 

23       
(4,5) * 14        

(4,2) 

3. Supplementary activities 
(task not according to working plan) 

12      
(5,7

) 
* 20      

(5,0) 
7         

(2,7)  8         
(2,7) 

8         
(2,7)  7         

(2,7) 

4. Process related activity interruption 
4      

(4,2
) 

 0        
(0,0) 

4         
(4,2)  1         

(2,2) 
1        

(2,2)  1        
(2,2) 

5. Disturbance related activity  Interruption 
 (task not according to working plan) 

24      
(5,5

) 

*
* 

6        
(2,2) 

11       
(4,2) * 6         

(2,2) 
7        

(2,5)  10      
(3,5) 

6. Not recognizable /not assignable 
5       

(3,5
) 

 2        
(2,7) 

8         
(2,7)  2        

(2,7) 
2        

(4,5) * 1         
(2,2) 
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4. Discussion 

The results in sample A indicate that the increased 
output of produced handbrake levers is reflected in 
the rise of the perceived time spent on “main activi-
ties” and in the reduction of “disturbance related ac-
tivity interruption”. As expected, the time spent on 
“supplementary activities” (small repair works) rises 
at the second time of data collection due to the fact 
that the qualified blue-collar workers have to main-
tain the machines by themselves. All together, this 
seems to be related to the worsening of most of the 
psychosocial characteristics of the SALSA. Particu-
larly the supporting social characteristic of the super-
visor are perceived less intensively.  

Although there is not any significant change in 
output during the time of research in sample B, the 
time spent on “direct value added task” rises signifi-
cantly. Thereby, the time spent on waiting due to 
“disturbance related activity interruptions” decreases. 
This might be related to the fact that the changes in 
the workplace design, which were introduced in or-
der to improve the quality of the assembled products, 
are perceived by the workers as an increase in main 
work activities. Furthermore, although there is the 
same perceived increase in “direct added values task” 
as in sample A, in sample B there is no change in the 
measured psychosocial factors. As expected, the ef-
fect of the introduced measurements is reflected, as 
perceived by the blue-collar workers in sample C, by 
the decrease of time spent on “indirect value added 
tasks”. Again pressure for production imposed by 
manager and supervisor are perceived negatively by 
the workers in this sample. 

These results suggest that an enhancement in the 
productivity of the studied samples in combination 
with an increasing perception of time spent on “main 
activities” (direct value added tasks) leads to a drop 
in the perceived psychosocial work characteristics. 
The reduction of work interruptions and ergonomic 
micro-brakes could lead to a reduction in the avail-
able time for social interaction between workers and 
supervisors and therefore provides less opportunities 
to build up the stress-resistance psychosocial re-
sources available to meet the demands posed by the 
working tasks. This assumption is supported by the 
results of sample B and sample C. None of those 
samples shows a combined effect of both (objective 
rise of productivity and perceived increase in time 
spent on “main activities”). In both cases there are no 

big changes in the perceived psychosocial work char-
acteristics between coworkers. In general it can be 
assumed that the workers perceive the management’s 
efforts of the introduction of change measures in 
order to enhance the output levels.  

The current study presents a range of limitations. 
Some of them are mentioned in the following: small 
groups in the longitudinal analysis, gender differ-
ences of sample A compared to sample B and C. Fur-
thermore, social support and employee-centered be-
havior by the supervisor can be strongly influenced 
by fluctuations of the supervisor which takes place in 
all the three samples studied. External factors, such 
as the economic situation as well as the influence of 
private situations, also have a major influence on the 
workers’ attitudes towards work activity. 

To sum it up, a consequent increase in productiv-
ity should be combined with the possibilities to en-
rich work tasks by keeping social contacts alive (for 
example with the implementation of ergonomic mi-
cro breaks, job-rotation, etc.). In this context the in-
troduction of Chaku-Chaku assembly lines, which 
are implemented after the no waste policy of the TPS, 
reduces the level of perceived latitude for activities. 
These are in turn related to negative changes in the 
perceived psychosocial work characteristics. Further 
research is needed in order to study the impact 
Chaku-Chaku lines have on physical and mental 
health indicators. 
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