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Abstract 

In order to meet the challenges of future complex systems, manufacturing companies need to better understand how social 
sustainability affects the operator. One way of studying this is to investigate the possible relationships between operator 
performance and emotion in an assembly experiment. 60 participants took part in an experiment to investigate the relationships 
between operator performance and objective and subjective arousal. Results showed a weak relationship between operator 
performance and objective arousal but no significant relationship was found between performance and subjective arousal. The 
relationships indicate that further studies on operator emotion could be important to better assembly performance. A tool for 
doing this might be the Qsensor used in this experiment (measure of objective arousal). More studies are needed to further 
investigate found relationship and if objective emotion measures can be used to predict performance at assembly workstations.  
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1. Introduction 

A prerequisite for the success of modern manufacturing 
companies is the ability to produce as effectively as possible. 
This demands a high degree of flexibility and re-
configurability of the production system [1], which introduces 
complexity to the systems. In these systems, human operators 
remain an invaluable resource; by being superior to robots at 
rapidly interpreting unplanned tasks and situations and 
handling flexibility and complexity [2, 3]. In recent years 
there has been an increased need for social sustainability 
research regarding operators’ working conditions [4, 5]. 
Assembly operators are human beings with moods, emotions 
and subjective experiences that influence their 
communication, decisions, actions and motivations regarding 
both work and personal life [6]. If operators experience 
dissatisfaction and negative feelings towards their assembly 
work tasks, manufacturing companies face the risk of losing 
employees to competitors. Negative feelings such as boredom 
and under-stimulation affect operator performance [7]. To 
stay competitive and avoid costly personnel turnover as well 

as knowledge draining in the future, manufacturing 
companies therefore need to be mindful of the well-being and 
subjective emotions of their employees. 

By studying operator emotions connected to the task or 
system it is possible to detect stress, anxiety and frustration 
among the operators, as well as boredom [8]. Individuals are 
also diverse and have different knowledge and skills in their 
work situation and will therefore often experience work-
related stress when the work demand is not matched with their 
own abilities [9, 10].  

To stay competitive and avoid costly personnel turnover as 
well as knowledge draining in the future, manufacturing 
companies need to be mindful of the well-being and 
subjective emotions of their employees. It is therefore 
important to study operator emotion in order to improve the 
working conditions, which can have positive impacts on 
performance. Previous performed experiments show that 
operator performance can be increased by introducing 
changes to the information presentation [10, 11]. In these 
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experiments, information presentation was changed according 
to the operators’ errors and perception of the situation. 

This paper presents a correlation study of that experiment. 
The aim of this paper is to investigate if there are correlation 
relationships between operator performance and arousal. 
Operator emotion is studied by looking at subjective and 
objectively measured arousal.  

1.1. Operator emotion 

In traditional cognitive science, emotions were not seen as 
essential to human cognition and were in fact explicitly 
disregarded in the study of the human mind (e.g. [12]. 
However, in later years, and especially with the widening of 
the cognitive scope to include a more context aware view of 
human cognition, this disregard for emotions has been heavily 
criticized and emotions are now seen as a crucial element of 
human cognition (e.g. [13-15]). Damasio argues for a 
dichotomy of emotions and feelings where the former are 
closely coupled with the neurobiology of the brain as basic, 
conscious or unconscious and involuntary states such as 
hunger, fear or pain. He further argues that feelings are the 
phenomenological experiences of emotions [14].  

When studying operators’ emotions, understanding the 
nature of emotion and how it is assessed, is important. 
Individual difficulties in assessing and describing one’s own 
emotions have been noted by many researchers [16]. These 
difficulties suggest that emotions lack distinct borders, which 
makes it hard for individuals to discriminate one emotion 
from another. However, subjects rarely explain one positive 
emotion without mentioning their experience of other positive 
emotions [17]. Posner et al., note that emotions are complex 
and have overlapping experiences [18], similar to the 
experience of colours where some colours look alike and are 
interrelated. This indicates correlations between different 
emotions which researchers address by dimensional models of 
affect [18].  

Schlosberg divided emotion in a two-dimensional model, 
pleasantness-unpleasantness and attention-rejection by 
studying facial expressions of emotion [19]. Later, the 
dimensions were developed and remade into different models 
by different researchers, but with similar concepts [18]. 
Russell proposed a structured model of affect states [20], 
which included the two dimensions of emotion: arousal and 
valence.  Smiling and laughing are behaviours related to 
valence described by bipolar adjectives such as 
happy/unhappy and pleasant/unpleasant. Arousal is portrayed 
in an individual's activity and alertness, galvanic skin 
response and by scales such as wide-awake/sleepy and 
excited/calm [21]. The dimensions are visualized in Figure 1 
[18, 20] where arousal is on the vertical axis and valence on 
the horizontal axis. Arousal is depicted on a scale from 
aroused to not aroused or not engaged independent of whether 
the emotion is positive or not and valence is ranging from 
unpleasant to pleasant.  

 

 

Fig. 1. Russell´s Circumplex Model of emotion [18]. 

 
Furthermore, some researchers argue that a third 

dimension is needed to describe affect [21, 22]. These 
researchers provide evidence that supports the three-
dimensional model, which includes dominance in addition to 
the two dimensions stated above. Stamps tested both the two- 
and three-dimensional models of affect and results indicated 
that the three-dimensional version is the beneficial model for 
describing affect [22]. Mehrabian and Russel (1974) define 
dominance as to what extent an individual feels free to act or 
is unrestricted. Bipolar items such as autonomous/guided and 
in control/cared-for may be used to measure this concept. This 
variable is maybe not as obvious as the others. Whether 
someone is happy or aroused is easier to address and not as 
abstract as noticing when someone is feeling dominant.  

In this study, SAM was used to measure the subjective 
experience of emotion (regarding arousal, valence and 
dominance). SAM is an assessment scale based on pictures 
that indicate the levels of arousal, valence and dominance. 
The assessment is based on an individual’s affective reaction 
to stimuli. SAM was originally implemented as an interactive 
computer program, and was later expanded to include a paper-
and-pencil (PPSAM) version for use in groups and mass 
screenings [23]. In this study, subjective operator emotion is 
measured using PPSAM self-ratings. Figure 2 illustrates the 
PPSAM used in the experiment. The figures represent the 
self-assessed valence (first row ranging from unhappy to 
happy), arousal (second row ranging from relaxed to excited) 
and dominance (third row ranging from little control to 
control).  

 
Fig. 2. The Self-Assessment Manikin (SAM) used in the experiment to 
measure the subjective emotion of valence (first row), arousal (second row) 
and dominance (third row). To the original figures, explanatory text in 
Swedish was added [23]. 
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Changes in emotion, motivation, habits and attitude have 

been successfully investigated by studying the changes in the 
sympathetic branch of the Autonomic Nervous System (ANS) 
[24, 25]. This has been done by looking at Skin Conductance 
(SC) which is a measure of the Electro Dermal Activity 
(EDA) to measure human arousal, attention and cognitive 
effort [24]. EDA is the electrical changes that occur when the 
sweat glands in the skin area are activated [25] and a peak 
EDA can mean that something is very engaging (positive in 
valence) or that something is very stressful (negative in 
valence). The measurement is made using sensors and gives a 
continuous, objective data set. This has been proven 
especially useful in relation to studying user satisfaction, as 
well as real-time affect assessments of the Human-
Automation Interface [25]. As the sensors are both cheap and 
can be measured reliably [24], the method can easily be 
conducted. The application of SC measures is market research 
(like for instance customer emotion and usability testing), 
clinical research to predict seizures for autistic children and 
studying for instance alcoholism, post-traumatic stress but 
also to study other areas like online gaming, learning and 
artistic expression [26]. This measurement is especially 
interesting because it can show otherwise hidden processes 
reflecting, for instance, how people make decisions [24]. 
According to the appraisal theory, cognitive appraisal is the 
mental process of interpreting and attaching meaning to 
sensory stimuli, which is a prerequisite for evoking emotional 
response [27]. The appraisal that underlies emotional response 
is often unconscious [28]. EDA signals can provide 
information about an emotion before it is conscious to the 
participant, and thereby preceding a reaction [29]. EDA 
measures have also been used to discriminate stress from 
cognitive load [30, 31].  

EDA however does not measure one exact emotion but 
serves as a general indicator for arousal, attention, 
habituation, preferences and cognitive effort [24, 25]. Since 
ANS-signals can be due to reactions to the situation (noise in 
background, people walking by) and not to the task itself there 
is also a difference between participants being passive and 
active during a measurement [24, 25]. If a person is active like 
for instance giving a speech, the ANS results could be 
connected to the action of giving a speech (physiological 
changes while talking, producing a higher voice) and not the 
physiological response to the situation. Therefore, the EDA 
needs to be carefully analysed and the experiments should be 
carried out in a highly controlled manner.  

In this study, objective operator emotion of arousal is 
studied by measuring EDA using the Qsensor (developed by 
Affectiva [26], see Figure 3).  
 

 
Fig. 3. Skin conductance sensor indicating objective arousal 

 

The sensor output is a curve, (see curve example, Figure 
4). This will give a general index of anxiety or arousal 
connected to that situation [26]. The peaks of an EDA 
measure can be investigated by calculating the number of 
Non-specific Skin Conductance Responses (NSCR) per 
minute. In this experiment three types of peaks are measured: 
up-peaks, flat peaks and down-peaks.  

 
Fig. 4. An example of the output from the Qsensor indicating objective 
arousal. The curve comes from the experiment, which shows activation (first 
assembly) then a less peaking area, then another assembly.  
 

When emotions are communicated they are often 
connected to situation and historic contexts [18]. Figner et al., 
state that even though it is hard to distinguish the valence of 
an emotion, this is often given by the situation or can be 
included through self-report measures such as rating scales 
[24]. In a study of cognitive processes in air traffic control 
[32], frequency scales and subjective ratings were used 
instead of observations. It is important to cross-validate 
information since work done is many times automatic (the 
operators have learned the station work so well that they don’t 
consciously think about what they are doing) Since the ratings 
could be a subjective reconstruction more than a real-time 
explanation [32]. Participants were therefore also asked how 
they perceived the situation. 

1.2. Operator performance 

A common way to define performance is to describe it 
either in terms of quality [33] or in terms of 
manufacturing/technical performance. Quality can be defined 
as a measure of the total qualified production volume that can 
be achieved by the actual production system during the 
considered period [34]. Technical performance can instead be 
defined as the obtained quantity of qualified products at the 
output of the system, i.e. process and operator performance. 
Each of these quality measures is a partial quality measure 
and is integrated to form a total quality measure [33]. Other 
researchers believe that a combination of productivity and 
quality should be used as a performance measure when 
designing a production system [35, 36]. Further merit to this 
argument is given by the observed negative correlation 
between the two e.g. [37]. 

In this paper, operator performance is measured by 
counting the correctly assembled parts, i.e. studying the 
technical performance. Operator performance was measured 
by counting the Number of Parts Assembled Correctly 
(NPAC) studying photographs taken of the assembly parts 
(video recordings captured unexpected events).  

2. Experimental approach 

60 participants were recruited primarily via campus 
message boards at Chalmers University of Technology and 
were undergraduate and graduate students. Participation was 
voluntary and each participant was observed separately. The 
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participant data can be seen in Table 1. The experiment took 
approximately 30-40 minutes to complete. Participants were 
given cinema tickets to increase the amount of participants 
and also to increase their commitment. The experiment was 
pilot tested several times before final deployment. 

 
Table 1 Participant data for the participants in the experiment 
Participant characteristics Participant data 
Number of participants 60 
Percent Male/Female (No.) 52%(31), 48%(29) 
Average age 22.3 years 
Last time assembling Lego  8-15 years 58% 

4-7 years 8% 
1-3 years 10% 
1-3 months 10% 
Recently (days-weeks) 8% 

Education department (descending 
order) 

Machine engineering 50% 
Automation and Mechatronics 27% 
Other 23% 

Education level (descending order) Bachelor level 86% 
Master level 10% 
Other 4% 

 
The experiment was a repeated measures design (two 

assemblies) and the equipment consisted of a conveyer belt in 
a fixed position, the material façades, as well as two tablets 
showing the cycle time (see Figure 5). The participants 
assembled a gearbox out of Lego in two different cycle times, 
50 seconds (cycle time A) and 70 seconds (cycle time B), five 
times each. Half the participants started with cycle time A and 
half started with cycle time B as their 1st assembly. 

 

 
Fig. 5. Experiment setting, material façade and Lego product to assemble. 

 
The experiment consisted of five different phases and a 

combination of qualitative and quantitative methods were 
used, as illustrated in Figure 6.  

 

 
 

Fig. 6. Phases in the experiment and the different methods used for analysis 
and measurement of the results. 

 
First, the participant filled in basic information such as 

age, experience of Lego assembly, and education and 
completed a first round of the PPSAM. Before, between and 
after the two assembly intervals the operator filled in a 

PPSAM form regarding their emotions, and was also 
interviewed concerning overall thoughts about the assembly. 
The participant was then given a description of the 
experiment. The Qsensor was worn during the entire 
assembly. The operator also got to see the arousal graph after 
each assembly interval, to help analyse it. To understand the 
assembly situation, participants were asked how they felt, 
after the two assemblies. 

To test the correlation between performance and arousal 
(both subjective and objective) two-tailed Pearson’s tests of 
correlation were performed (two-tailed since the distributions 
are considered to be normal). The test is used to find 
statistical dependence between two variables (assumed to be 
linear. The correlations are measured from -1 to + 1; the 
closer the correlation coefficient is to ±1, the stronger to 
correlation is. When describing the strength of a relationship 
correlation the following is often used: .00 no relationship, 
±.3 weak relationship, ±.5 moderate relationship, ±.7 strong 
relationship and ±1.0 exact relationship [37].  

3. Results 

3.1 Operator performance and subjective arousal 

Six two-tailed Pearson’s tests of correlations were 
performed to measure the relationship between each variable 
of subjective emotion and its corresponding variable of 
operator performance (NPAC A for cycle time A or NPAC B 
for cycle time B). Adding the results from PPSAM from 
before and after the assemblies (cycle time A separated from 
cycle time B) six variables represented an individual's arousal, 
valence and dominance for each of the cycles. None of the 
correlations were significant.  

3.2 Operator performance and objective arousal 

The relationship between operator performance and 
objective arousal was tested by studying peaks (NSCR/min): 
peak up, flat and down peak. It was seen that the top six 
operators had a doubled performance but also had double the 
amount of flat and down peaks (per minute, see Table 2). The 
number of up peaks were more frequent, M(top 6) = 42.14 
compared to M(bottom6) = 31.32. 

 
Table 2: Comparison of number of peaks for the top and bottom 6 NPAC 
NPAC NPACtotal Up peaks/min Flat peaks/min Down peaks/min 

Top6 168.83 42.14 6.88 134.83 

Bottom6  79.83 31.32 2.43 68.72 

 
When tested statistically (using two-tailed Pearson’s test 

of correlation) one significant correlation was found. It was 
seen that for the 1st assembly a weak/moderate positive 
relationship was seen for NPAC and flat peaks r(45) = 0.43 (p 
< .01, see Fig 7). No other significant correlations were seen.  
 
 



36   Sandra Mattsson et al.  /  Procedia CIRP   44  ( 2016 )  32 – 37 

 
Fig. 7: Relation between number of correct assembled parts and flat 
peaks/min in the 1st assembly 

3.3 Perceived situation 

In general the 1st assembly was perceived as stressful 
(M=4.8) and difficult (M=3.4) while the 2nd was seen as better 
(M=4.2) or even much better.  In the 1st, assembly participants 
(cycle time order AB) said that it was stressful (M=47) and 
good (M=3.3). The 2nd assembly was mainly said to be better 
(M=5.7). Participants starting with the longer cycle time BA 
said instead that the 1st assembly was stressful (M=5.0) and 
difficult (M=4.5) and that it then was stressful (M=4.5).  

4. Discussion 

The aim of this paper was to investigate if relationships 
between operator performance and arousal could be found. 
Results showed one significant correlations: a weak/moderate 
correlation between NPAC in 1st assembly and the number of 
flat peaks. The results could be due to do deactivation i.e. 
calmness (see Fig. 1) and that operators in the 1st assembly 
had to concentrate to be able to learn and handle the situation 
(thereby producing flat-peaks). Some support is seen in the 
interviews (perceived situation) where operators in general 
said that the 1st assembly was stressful, difficult and good, and 
the 2nd assembly was perceived as better. The reason for not 
having a stronger correlation could be because the Qsensor 
does not measure emotion but instead serves as a general 
indicator for arousal, attention, habituation, preferences and 
cognitive effort [24, 25]. The changes in arousal could also 
depend on other performance shaping factors like hunger, 
fatigue and stress etcetera [7] or on the situation it self. 
Factors affecting the operator performance and emotion could 
be cognitive ability (to read instructions, understand 
situation), previous emotion (in a real industrial environment) 
or the ability to resist stress. 

Although the experiment setting does not reflect an 
industrial assembly station the results might be useful in an 
industrial setting. Investigating subjective emotions in 
industry is difficult since self-ratings and interviews take time 
from the valuable production; therefore the observed 
correlations between operator performance and objective 
arousal is important. Measuring objective emotion, using 
small devices producing real-time data, points towards the 
possibility of measuring emotion in a simpler manner, which 
does not disrupt production. 

Future work includes further analysis of how emotion is 
connected to performance. Due to that both physical and 
cognitive load are important drivers of complexity in final 
assembly [38], experimental studies will be performed to 
study how different load conditions (physical, mental and 
disturbances) affect arousal.  

5. Conclusions 

This paper presents a weak relationship between operator 
performance and objective arousal and results indicate that 
operator emotions may play an important role in 
understanding and predicting operator performance. More 
studies are needed to further investigate the effect of operator 
emotion.  

Acknowledgements 

The research has been carried out within the framework of 
the Sustainable Production Initiative and the Production Area 
of Advance at Chalmers University of Technology. This 
support is gratefully acknowledged. The authors would like to 
thank bachelor students Gustav Franzén, Karin Gärdefors, 
Anna Landström, Dan Li, Anna Johansson, Camilla 
Söderberg and Markus Mattsson for their participation in the 
experiments.  

References 

[1] B. Lotter, H. P. Wiendahl, and H. A. ElMaraghy, 
"Changeable and Reconfigurable Assembly Systems 
Changeable and Reconfigurable Manufacturing 
Systems," ed London: Springer, 2009, pp. 127-142. 

[2] Å. Fasth, J. Stahre, and K. Dencker, "Level of 
automation analysis in manufactoring systems," in 
Proceedings of the 3rd international conference on 
applied human factors and ergonomics, Miami, 
florida, USA, 2010. 

[3] N. Papakostas, K. Efthymiou, G. Chryssolouris, S. 
Stanev, J. Ovtcharova, K. Schäfer, et al., "Assembly 
Process Templates for the Automotive Industry," in 
3rd CIRP Conference on Assembly Technologies and 
Systems, Trondheim, Norway, 2010, pp. 151-156. 

[4] M. Chui, J. Manyika, J. Bughin, R. Dobbs, C. 
Roxburgh, H. Sarrazin, et al., "The social economy: 
Unlocking value and productivity through social 
technologies," McKinsey Global Institute2012. 

[5] Regeringen, "Regeringens proposition 2012/13:30 
Forskning och innovation," ed, 2012. 

[6] R. Horlings, D. Datcu, and L. J. M. Rothkrantz, 
"Emotion Recognition Using Brain Activity," in 
Proceedings of the 9th International Conference on 
Computer Systems and Technologies and Workshop 
for PhD Students in Computing, Gabrovo, Bulgaria, 
2008. 

[7] L. Abrahamsson, R. Akselsson, M. Albin, M. 
Bohgard, J. Eklund, M. Ericson, et al., Work and 
Technology on Human Terms, 1:1 ed. Solna, 
Sweden, 2009. 



37 Sandra Mattsson et al.  /  Procedia CIRP   44  ( 2016 )  32 – 37 

[8] E. Hudlicka, "To Feel or Not to Feel: The Role of 
Affect in Human-Computer Interaction," Interational 
Journal of Human-Computer Studies, pp. 1-32, 2003. 

[9] A. Muaremi, B. Arnich, and G. Tröster, "Towards 
Measuring Stress with Smartphones and Wearable 
Devices During Workday and Sleep," 
BioNanoScience, vol. 3, pp. 172-183, June 2013 
2013. 

[10] D. Li, A. Landström, S. Mattsson, and M. Karlsson, 
"How changes in cognitive automation can affect 
operator performance and productivity," presented at 
the The sixth Swedish Production Symposium 2014, 
SPS14, Gothenburg, Sweden, 2014. 

[11] C. Söderberg, A. Johansson, and S. Mattsson, 
"Design of Simple Guidelines to Improve Assembly 
Instructions and Operator Performance," in Swedish 
Production Symposium 2014, SPS14, Gothenburg, 
Sweden, 2014. 

[12] H. Gardner, The mind's new science: A history of 
cognitive revolution. New York: Basic Books, 1985. 

[13] A. R. Damasio, Looking for Spinoza: Joy, sorrow, 
and the feeling brain. Orlando, FL: Harcourt, 2003. 

[14] A. Damasio, Descartes' error: Emotion, reason and 
the human brain. New York: Putnam, 1994. 

[15] J. Lindblom. (2015). Embodied Social Cognition. 26.  
[16] C. Saarni, Development of emotional competence. 

New York: Guilford Press, 1999. 
[17] D. Watson and L. A. Clark, "On traits and 

temperament: General and specific factors of 
emotional experience and their relation to the five-
factor model," Journal of Personality vol. 60, pp. 
441-475, 1992. 

[18] J. Posner, J. A. Russell, and B. S. Peterson, "The 
circumplex model of affect: An integrative approach 
to affective neuroscience, cognitive development, 
and psychopathology," Development and 
Psychopathology, vol. 17, pp. 715-734, 2005. 

[19] H. Schlosberg, "The description of facial experession 
in terms of two dimensions," Journal of 
Experimental Psychology, vol. 44, pp. 229-237, 
1952. 

[20] J. A. Russell, "A Circumplex Model of Affect," 
Journal of Personality and Social Psychology, vol. 
39, pp. 1161-1178, 1980. 

[21] A. Mehrabian and J. Russel, An approach to 
environmental psychology. Cambridge, MA: MIT 
Press, 1974. 

[22] A. E. Stamps, "In search of dominance: the case of 
the missing dimension," Perception Motor Skills, 
vol. 100, pp. 559-66, 2005. 

[23] M. M. Bradley and P. J. Lang, "Measuring emotion: 
The self-assessment manikin and the semantic 
differential," Journal of Behavior Therapy and 
Experimental Psychiatry, vol. 25, pp. 49-59, 1994. 

[24] B. Figner and R. O. Murphy, "Using Skin 
Conductance in Judgement and Decision Making 
Research," in A Handbook of Process and Tracing 
Methods for Decision Research, A. K. M. Schulte-
Mecklenbeck, & R. Ranyard, Ed., ed New York: 
NY: Psychology Press, 2011, pp. 163-184. 

[25] W. B. Mendes, "Assessing Autonomic Nervous 
System Activity," in Methods in Social 
Neuroscience, E. H.-J. a. J. Beer, Ed., ed New York: 
Guilford Press, 2009, pp. 118-147. 

[26] I. Affectiva. (2012, 2012-08-05). Measure Emotion - 
Q Sensor. Available: http://www.affectiva.com/q-
sensor/ 

[27] M. Passer, R. Smith, N. Holt, A. Bremner, E. 
Sutherland, and M. Vliek, "Motivation and 
Emotion," in Psychology - The Science of Mind and 
Behaviour, R. Hale, Ed., ed Berkshire, UK: 
McGraw-Hill Education, 2009. 

[28] C. A. Smith and L. D. Kirby, "Appraisal as a 
pervasive determinant of anger," Emotion vol. 4, pp. 
133-138, 2004. 

[29] R. Picard, "Affective Computing: Challenges " 
International Journal of Human-Computer Studies, 
pp. 55-64, 2003. 

[30] D. Conway, I. Dick, Z. Li, Y. Wang, and F. Chen, 
"The Effect of Stress on Cognitive Load 
Measurement," Human-Computer Interaction - 
Interaction 2013, Lecture Notes in Computer 
Science, vol. 8120, pp. 659-666, 2013. 

[31] C. Setz, B. Arnrich, J. Schumm, R. L. Marca, G. 
Tröster, and U. Ehlert, "Discriminating Stress from 
Cognitive Load Using a Wearable EDA Device," 
IEE Transactions on Information Technology in 
Biomedicin: Personal Health Systems, vol. 14, pp. 
410-417, 2009. 

[32] K. W. Kallus, M. Barbarino, and D. Van Damme. 
(1998, Integrated Task and Job Analysis of Air 
Traffic Controllers. Available: 
http://www.eurocontrol.int/humanfactors/gallery/con
tent/public/docs/DELIVERABLES/HF13 
(HUM.ET1.ST01.1000-REP-03) Released.pdf 

[33] Y. K. S. a. C. S. Park, "Economic measure of 
productivity, quality and flexibility in advanced 
manufacturing systems," Journal of Manufacturing 
Systems, vol. 6, pp. 193-207, 1987. 

[34] A. J. d. Ron, "Measure of manufacturing 
performance in advanced manufacturing systems," 
International Journal of Production Economics, vol. 
4, pp. 147-160, 1995. 

[35] A. R. K. Gunasekaran, I. Virtanen, and P. Yli-Olli, 
"Improving Productivity and Quality in 
Manufacturing Organizations," International Journal 
of Production Economics, vol. 36, pp. 169-183, 
1994. 

[36] R. Inman, Blumenfeld, R., Huang, R. and Li, J., 
"Designing Production Systems for Quality: 
Research Opportunities from an Automotive 
Perspective," International Journal of Production 
Research, vol. 41, 2003. 

[37] P. Thorvald, "Presenting Information in Manual 
Assembly," PhD, Loughborough University, 
Loughborough, UK, 2011. 

[38] S. Mattsson, M. Tarrar, and Å. Fast-Berglund, 
"Perceived Production Complexity – understanding 
more than parts of a system. ," submitted to 
International Journal of Production Research 2016. 

 
 


