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 Abstract 

  I 

Abstract 

Purpose – The purpose of the study is to propose a framework for standardized 

workstations with focus on operators work activities and material presentation on a 

mixed-model assembly line. In order to fulfill the purpose, it was decomposed into 

three research questions:  
Research question 1: What problems in existing manual workstations can be 

identified, regarding work activities and material presentation? 

Research question 2: What can be considered regarding operators’ work activities in 

creation of standardized workstations for a mixed-model assembly line? 

Research question 3: What can facilitate the work performance and ergonomics of 

operators when designing material presentation for standardized workstations for a 

mixed-model assembly line? 

Methodology – This study was carried out inductively through analysis of empirical 
data from a case study against existing theories from a literature study. Theories were 
in the areas of mixed-model assembly line, workstation design, material presentation, 
work activities, ergonomics and human aspect, and standardization and flexibility. To 
gather empirical data, a document study, observations and interviews were conducted 
at one case company.  

Findings – The study resulted in a framework for work activities and material 
presentation in standardized workstations on a mixed-model assembly line within the 
perspectives of ergonomics, standardization and non-value-added work. Results 
indicated on decreased efficiency if the involvement of human factor and 
standardization were insufficient in the workstation design, by increased non-value-
added work and decreased ergonomics.   

Implications – The proposed framework intended to support companies to merge 
assembly lines into a mixed-model assembly line with low automation. 

Limitations – The framework in this study only focused on workstations’ work 
activities and material presentation. Workstations are linked to more than these two 
areas therefore should more areas be included in merging assembly lines. This 
framework had the perspectives of ergonomics, standardization and non-value-added 
work, more perspectives should be considered in a merger.  

Keywords – Mixed-model assembly line; Workstation; Standardized; Material 
presentation; Work activities; Ergonomics; Non-value-added work 
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1 Introduction 

The chapter provides a background of challenging demands for manufactures. Further, how 
companies in this industry handle the increased need of flexibility for their production systems, by 
focusing on the assembly lines. The problems in this area are highlighted in the problem description 
and narrowed down into the purpose. Furthermore, three research questions are presented. Followed 
by the scope and delimitations of the study, the chapter ends with the disposition of the report. 

1.1 Background 

The environment for manufacturers are tough, customers challenge them with high 
requirements and elusive demands. The global integration creates strong competition 
across the world, which results in customers’ awareness of products’ prices and high 
quality across organizations (Prashar, 2014). Manufactures must aim to find new paths 
to achieve faster production with higher quality and lower costs, in order to be 
competitive in an international and global market (Choi, Chan, & Yuen, 2002). 
Manufacturers face increasing demands to offer multiple varieties of products and 
reduced product life cycles. These demands mark the necessity for having flexible 
machines and processes with high performance. These requests lead to higher 
complexity in the production systems, for instance in the development of processes, 
production planning, factory and its operations (Ferreira, Faria, Azevedo, & Marques, 
2016).  

According to Bukchin et al. (2002) it is in the manufacturers interests to produce 
numerous product models in small batches and to offer short lead-time. Followed, 
flexibility is often an objective in order to be competitive on the market. Manufacturers 
needs flexibility to enable small to medium-sized batches, shorter lead-time and broad 
variety of products. At the same time, it is of great importance to offer high productivity 
(Prashar, 2014). In this study, productivity stands for “how much and how well” 
something is produced from the resources used (Tangen, 2005). Prashar (2014) states 
the importance to offer low assembly costs. Manufactures’ capability to lower costs and 
at the same time increase the quality determines their market position (Prashar, 2014). 
Asadi et al. (2017) state that one solution to handle the broad variety of products is by 
using mixed-model assembly lines (MMAL’s), which according to Weber (2016) is a 
design that handles different models of products with similar work activities, materials 
and processes in a mutual assembly line (AL). AL’s consist of multiple workstations 
(WS’s) where materials are assembled on the unit, which moves along the AL (Alghazi 
& Kurz, 2017; Finnsgård, Wänström, Medbo & Neumann, 2011) and ends as a final 
product (Finnsgård et al., 2011).   

In order to address the complex demands, manufacturers are beginning to greatly 
involve manufacturing knowledge in the early stages of engineering and production 
activities. This requires knowledge interactions and continuous improvements on the 
communication between planning, design and operations (Ferreira et al., 2016). 
According to Bruch and Bellgran (2013), it is of manufacturers interest to create 
appropriate design of production systems. The choice of design of production systems 
are directly linked to cost efficiency (Bruch & Bellgran, 2013). According to Tangen 
(2005), efficiency can be described as "doing things right" and is linked to the 
utilization of resources and mostly affects the input of the production.  

Assembly systems is stated to be one important phase in the production process. Major 
sections within assembly operations often consist of manual activities. Particularly so, 
when considering manual assembly systems with a low automation and/or when 
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handling large products (Battini, Delorme, Dolgui, Persona, & Sgarbossa, 2016b). 
Regarding manual work in manufacturing, it is considered as both vital and costly 
(Soares, et al., 2012). Research on the design of assembly systems and the well-being 
of operators has discovered a link between ergonomics and productivity (Battini, 
Delorme, Dolgui, Persona, & Sgarbossa, 2016a). According to Wilson (2000) is 
ergonomics about understanding the human behavior and performance in interactions 
with other things, which was the definition of ergonomics in this study. The 
understanding should be involved in the design of interactions in real settings (Wilson, 
2000). When ergonomics has been involved in the design of operations it has resulted 
into a win-win situation. It is well known that ergonomics assessments in AL design 
improves the operators condition, quality and the productivity, while minimizing the 
risk for injuries (Battini et al., 2016a). Furthermore, the layout of the assembly process 
directly relates to how the material can be planned and presented (Wänström & 
Medbo, 2008). The work performance of the operator, such as efficiency of work tasks, 
is greatly affected by the presentation of materials (Goncalves & Salonitis, 2017). 
Material presentation can be explained as "how material is presented to the assembler 
at the workstation" (Brolin, Thorvald, & Case, 2017), which is how material 
presentation was defined in this study. 

The most significant position in the production system is WS’s (Goncalves & Salonitis, 
2017). Asadi et al. (2017) state that WS’s is a crucial part of the production regards to 
time and cost. Standardization is an approach to optimize the use of resources, both in 
terms of operations and materiel (de Waal & Buys, 2007). Standardization is an 
important parameter that reduces the risk of non-value-added time and 
simultaneously controls WS’s, especially when consisting of a broad variety of 
materials, tools and equipment (Goncalves & Salonitis, 2017). According to Perumal 
and Bakar (2011) standardization is mainly used to achieve conformity. In this report, 
the term standardization was in line with the following definition; “a process of 
constructing uniformities across time and space, through the generation of agreed-
upon rules” (Timmermans & Epstein, 2010). Lack of standardization in the design 
phase has negative impact on the performance of material presentation, operators’ 
safety and ergonomics, and their interactions which are needed to enable WS efficiency 
(Goncalves & Salonitis, 2017).  

1.2 Problem Description 

The problem is based on the difficulty for manufacturers to achieve flexibility without 

reducing efficiency in their production system (Asadi et al., 2017). Increasing the 

number of AL’s, to meet the flexibility requirements, is often associated with higher 

inventory costs, occupancy of space in the production area, imbalance of both workload 
and part usage (Weber, 2016). Instead of having several AL’s, one solution to manage 

variation may be through MMAL's (Asadi et al., 2017; Weber, 2016), but the high 

variety of models is connected to problems of increased complexity and decreased 

performance (Brolin et al., 2017).  

Standardization is usually missed in the design of WS’s (Goncalves & Salonitis, 2017) 

even though it is an approach to manage variation (Fujimoto, Alauddin, Iida, & Hanai, 

2003). At the same time is manual assembly vital in manufacturing (Soares et al., 2012) 
and deterioration of the human aspect emerges with the increasing number of 

managed components in each WS. Furthermore, reduced ergonomics are connected to 
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decreased efficiency (Lešková, 2014). The complexity of WS’s including the material 

presentation is created by the broad variety of components that must be identified and 

matched with each model (Brolin et al., 2017).  

1.3 Purpose and research questions 

Based on the background and problem description, MMAL’s are highly complex. 
Standardization is often neglected in the design of manual WS’s, its work activities and 
material presentation. Therefore, the purpose of this study is:  

To propose a framework for standardized workstations with focus on operators 
work activities and material presentation on a mixed-model assembly line.   

In order to answer the purpose of the study, it has been decomposed into three research 
questions (RQ’s). The first RQ aims to investigate the existing WS’s work activities and 
material presentation, with focus on the existing problems. This to enable a framework 
for standardized WS’s that supports variation between models, thus is RQ1: 

What problems in existing manual workstations can be identified, regarding work 

activities and material presentation? 

After the current WS’s are mapped, next question aims to examine how different 

models’ work activities for the operators can be merged into the same standardized 

WS’s, therefore is RQ2: 

What can be considered regarding operators’ work activities in creation of 

standardized workstations for a mixed-model assembly line? 

The gathered information in RQ1 and RQ2, enables creation of standardized material 

presentation that takes the different models’ activities and components into account. 

With regards of the human aspect, RQ3 follow:   

What can facilitate the work performance and ergonomics of operators when 

designing material presentation for standardized workstations for a mixed-model 
assembly line? 

1.4 Scope and Delimitations 

The aim of this study was to include existing theories in the design phase of 
standardized WS’s on a MMAL. The scope of this study was delimited to only focus on 
material presentation and work activities in manual assembly WS’s, which is 
illustrated in Figure 1. Furthermore, this study examined material presentation and 
work activities through a limited number of perspectives, which were ergonomics, 
standardization, and non-value-added work. 
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Figure 1 Scope of this study 

1.5 Outline 

The first chapter of the report consists of a background, which describes the 
challenging demands for manufacturers and the increased complexity in WS’s. 
Further, the problem description and purpose are presented together with the RQ’s. 
Thereto the scope and delimitations are described and finally the outline of the report. 

The second chapter of the report explains the work process. It further explains the 
methodology and research approach used to answer the RQ’s. Then the data collection 
methods used were described and how the analysis of the data was conducted. The 
chapter ends with a discussion of the trustworthiness of the report. 

The third chapter of the report presents the theoretical framework of the study. 
Existing theories within the areas of AL, MMAL, WS design, material presentation, 
work activities, ergonomics & human aspect and standardization & flexibility were 
described and were later analyzed against the empirical data. 

The fourth chapter, empirical data, begin with a description of the case company 
and its environment. Followed by an explanation about the two AL’s examined in this 
study.  

The fifth chapter, analysis, were divided into the three RQ’s. These were analyzed 
through comparison between the empirical data and the theoretical framework. 

The sixth chapter of the report discuss the finding and implications of the study. 
Further, the methodology used in the study are discussed. Followed by the conclusion 
and recommendations and the chapter ends with suggestions of further research. 
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2 Methodology 

This chapter provides an overall description of the study work process. Further the study research 
approach and design are described. Continued with the data collection and analysis. The chapter end 
with a discussion about the trustworthiness of the study. 

2.1 Work process 

The study was carried out from January to May 2018 at the case company Husqvarna 
Group, the work flow is described in Appendix 1: Work process. Initially the 
researchers chose the case company due to they planned to create a MMAL. Thereafter 
a detailed project description was then sent from the case company to the researchers. 
A visit was later made at the company to discuss the existing problem and to go for a 
tour of the plant, to get a brief view of the manufacturing and its processes. The 
problem was defined into a problem description and down to the purpose of the study. 
In the next step, data collection began with a literature study, which contributed to 
cover the existing theories used in the study. This was later the foundation of the 
theoretical framework. In parallel with the literature study and problem definition, the 
methods were selected to be able to start collection of the empirical data. Data 
collection was conducted through document study, observations and interviews. The 
data was continuously analyzed during the collection and the report was written 
throughout the major period of the study.  

2.2 Research Approach    

The aim of this study was to reach conclusions by connecting the information gathered 
by data collection with existing theories. The mentioned approach enables creation of 
new concepts, which contributes to new research in the studied area and is called an 
inductive study (Yin, 2016). In order to fulfil the purpose of the study, three RQ’s was 
formulated in an inductive manner.  
 
The collected data was derived from interactions between the material presentation 
and the operators in the AL’s, which was information that could not be quantified. This 
is in line with Golafshani’s (2003) explanation of qualitative research, a "real world 
setting" with results that cannot be achieved through quantification. Furthermore, the 
findings in a qualitative research are often closely connected to generating an 
understanding and illustrations of a similar situation (Golafshani, 2003). In this study, 
it was required to get an understanding of the existing AL’s and to create an illustration 
of a similar situation, the MMAL, to achieve the purpose of combining the AL’s. The 
majority of the analysis consisted of processing words from documents, observations 
and interviews. Firmin (2012) states that data analysis in a qualitative research often 
is connected to words.  

2.3 Design  

In order to achieve the purpose of the study, a case study was conducted. In case 
studies, the investigation is conducted on a delimited group, in this study an 
organization. The fact that only one organization is studied, means that the study is 
called single-case study (Patel & Davidson, 2011; Yin, 1994). 
 
The methods used in this study are illustrated in Figure 2, it also demonstrates how 
these relates to RQ’s. Further down in this chapter, the methods were described in 
more detail and how they were used in this study. 
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Figure 2 Information flow between RQ’s and methods 

2.4 Case Study 

Case study is a favorable method when conducting a qualitative analysis (Kothari, 
2004). The initial intention of this study was to examine how manufactures can use 
MMAL’s to meet the demands of high flexibility and how to handle the complexity of 
that AL design. According to Yin (1994) is it beneficial to do a case study when parts of 
the study’s focus is making a closer observation of a social unit. For example, people in 
a certain situation or environment. The researchers found this approach suitable for 
investigating manual MMAL’s, because the human aspect in terms of the operators, 
and their work environment were vital. 
 
To get a close and realistic insight of the chosen processes in the AL’s and to conduct 
a feasible combination of them, the study was focused on depth rather than 
breadth which is a hallmark for case studies (Kothari, 2004). Kothari (2004) further 
explains case study as dealing with processes and their interrelationships. It was 
consistent with this study due to it was about investigating and 
combining processes in the AL’s. Furthermore, the collected data in this study had a 
high level of details such as investigations of operations decomposed into seconds-
basis steps. The detailed data was later generalized with existing theories. Kothari 
(2004) states that in case studies the observed information often extends down to 
details in short time sequences and it then becomes a basis for generalizations and 
conclusions, which was in line with this study. 

2.5 Case Company 

The choice of case company was made with the intention to examine the important 
factors needed to consider in a merge of two AL’s in a manufacturing company.  The 
researchers chose Husqvarna Groups factory in Orangeburg, South Carolina as their 
case company. The factory was a perfect choice for several reasons, first because it was 
a manufacturing company. Secondly, there was an intention to merge two of their 
existing AL’s.  
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When the case study was conducted, Husqvarna Group was the market leader in the 
market of outdoor power products and had over 13.000 employees within 40 
countries. Husqvarna Group also manufactured garden watering products, cutting 
equipment and diamond tools. The products were sold under different brands to 
customers in more than 100 countries (Husqvarna, 2018).  

2.6 Data Collection 

The data collection of the study consisted of a literature study, document study, 
observations and interviews, which were explained below.  

2.6.1 Literature Study  

A literature study was conducted to create the theoretical framework of this study. The 
literature study together with the data collection, aimed to enable answers to RQ2 and 
RQ3. The researchers collected literature through different databases, for instance 
Scopus, ProQuest Central, Primo and Encore. The used databases covered worldwide 
researches and were accessed through the library of Jönköping University and 
University of South Carolina.  
 
The searches were performed using different keywords and key phrases, some 
examples are described in Table 1. In order to use relevant theories, the results from 
the searches were limited to publications made between the years of 2000 and 2018. 
The chosen literatures were all peer-reviewed material, which according to Taylor, 
Bogdan and DeVault (2015) means it has been audited by experts within that field. The 
selection from the search results was made through examinations of the times they 
were cited and that their abstracts were consistent to the purpose of this study. The 
selected literature was then read, and the researchers selected the most relevant ones 
to include in the theoretical framework.  
 
The researchers occasionally used snowballing to search for literature. According to 
Badampudi, Wohlin, and Petersen (2015) is snowballing a method to find the most 
reliable source in the literature, by going through reference lists of relevant papers and 
then source back to the original paper. 

Table 1 Literature search 
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2.6.2 Document Study  

One reason to use documents in research is to answer RQ’s considering actual events 
and conditions (Patel & Davidson, 2011). Documents from the case company was used 
and analyzed in particular to answer RQ1, which was about mapping the current state 
of operators’ work activities and material presentation. According to Yin (2016) is 
document study a method that strengthens the results from interviews and 
observations. All documents were provided by a representative at the case company 
(due to this person had competence within the two selected AL’s). The Individual Part 
List of one model on each AL were investigated together with documents of work 
instructions for the selected WS’s. This information was gathered to get knowledge of 
which work activities performed and components assembled in each step of the work 
activities. Also, documents (called Pin analysis) of the selected AL’s layouts were 
examined, in order to get a holistic view of where the WS’s were positioned. All 
documents gave the researchers a foundation of information and understanding for 
the upcoming observations and interviews.  

2.6.3 Observation 

According to Kothari (2004) is observation a favorably choice when studying 
behavioral science. This was in line with this study, due it was focused on work 
activities of operators and their interactions with material presentation on AL’s. Baker 
(2006) states, by studying people in their natural environment, it enables researchers 
to understand “things” from other peoples’ perspectives. In this study, understanding 
of the operators’ perspective on the performance of work at current WS’s was crucial 
in order to enable creation of standardized WS’s that take the human aspects into 
account. Before the observations, the operators were asked if they approved to be 
observed. 
 
Baker (2006) states that structured observation is classified as a qualitative research 
method. In this study three structured observations were done in each WS on both 
AL’s, all with different purpose as described in Table 2. Topics that aligned with the 
purpose of the study and the purpose of each observation were settled beforehand for 
all observations, for more details see Appendix 3: Observation scheme. The topics were 
used as guidelines for the researchers during the observations, which according to 
Baker (2006) is a hallmark for structured observations. The structured observations 
schemes were used to facilitate the researchers’ registration and to minimize the risk 
of miss registrations and incorrect results. The observation scheme of all three 
observation types were tested on the first WS at each AL before the “real” observations 
were done. According to Patel & Davidson (2011) it is crucial to find out if the observing 
schedule works by conducting tests.  
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Table 2 Observations 

 

The researchers were complete observers during all observations. Baker (2006) states, 
during this approach the observers focus on assimilating the events occurring by 
watching and listening. This is done by being present with a low degree of participation 
and interactions with the studied objects (Baker, 2006). The choice of being complete 
observers enabled the researchers to measure, take photos, and to be detached from 
the studied objects. Furthermore, this type of observations often is used as a 
complementary study to other dominated methods (Baker, 2006). In this study, the 
observations were used to mainly control and complement the interviews but also the 
documents.  

2.6.4 Interview  

Interviews are an information gathering technique based on questions (Patel & 

Davidson, 2011) and was the main data collection method in this study, see  

Table 3. The interviews were made face-to-face which according to Kothari (2004) is 

suitable for intensive investigations. Blue-collar 1 (BC1) and blue-collar 2 (BC2) were 
chosen to be interviewed since their deep knowledge and daily contact with both the 

chosen WS’s and operators on AL1 and AL2. 

Table 3 Interviews 

 

In this study the purpose of the interviews was to get an insight of the interviewees’ 

perceptions of a particular area, which according to Patel and Davidson (2011) is a 
hallmark for qualitative interviews. A correct perception of the current WS’s was 
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crucial in order to create standardized WS’s and to implicate improvements from the 

existing WS’s. Further, the researchers were not able to formulate possible answers in 

advance, which is a further hallmark for qualitative interviews (Patel & Davidson, 

2011).  

After the observations, the researchers wrote the interview questions based on 

brainstorming. They were then selected by comparing the purpose of the questions 

with the purpose of the study. The chosen questions were then divided into the areas 

shown in  Appendix 2: Interview questions. The questions were of unstructured nature 

which according to Patel and Davidson (2011) infer when the interviewee is able to 

answer with his/her own words. The unstructured questions were made to minimize 

the risk of omitting important inputs from BC1 and BC2 and the interviews were audio 
recorded. The order of the questions was in this study set beforehand to ensure the 

interviews remained within the predetermined areas. According to Patel and Davidson 

(2011) questions that are asked in a certain order have a high degree of standardization. 

2.7 Data Analysis 

The data analysis was conducted in parallel with the data collection, as described in 
Appendix 1: Work process. The inputs of information in this study together with the 
analysis are illustrated in Figure 3. The empirical data and theoretical framework were 
analyzed together and later concluded the results of the study. The information in the 
result-phase was re-categorized according to the RQ’s. 

 
Figure 3 Data analysis 

The documents used in this study was first analyzed through accurate reading 
supported by discussion. The documents were then analyzed together by connection of 
the gathered information and discussion about the contents. The material from the 
interviews and observations was compiled directly after it was collected, which 
according to Yin (2016) ensure that collected data would not get lost. The material was 
also discussed and organized by the researchers. The interviews were recorded, to get 
a correct registration of the responders’ answers (Patel & Davidson, 2011), which was 
immediately transcribed after they were conducted. It was done in order to ensure a 
complete explanation of what was observed, which is considered as important (Patel & 
Davidson, 2011). In the literature study, the theories were collected and analyzed in 
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order to align with the purpose of the study. This was done by reading the articles and 
comparing the content with the purpose of this study. 

2.8 Research Quality 

Logistics researches are dominated by quantitative approaches. An increase of 
qualitative approaches in recent years has made researchers to adopt different criteria 
for evaluating research quality (Halldórsson & Aastrup, 2003). The researchers in this 
study used the perspectives of trustworthiness, which consist of the terms credibility, 
transferability, dependability and confirmability (Halldórsson & Aastrup, 2003), 
known as internal validity, external validity, reliability and construct validity in the 
quantitative approach (Ellram & Tate, 2015). 
 
The researches based the study on data gathered through multiple methods and 
included theories supported by several sources. The use of several angles and sources 
is called triangulation, which is done to entrench the trustworthiness in a qualitative 
research (Tolley et al., 2016; Yin, 2016).  

2.8.1 Credibility 

The credibility in a qualitative research rely on the researcher which can be considerate 
as the "instruments" in the study (Golafshani, 2003). In this study, the researchers 
strived to increase the credibility by having an objective and honest position. To ensure 
that the observations and interviews did not lead the studied objects in any direction 
and to get two perceptions of the occurred events, both researchers were involved in 
each data collection. According to Yin (2016), the credibility increases by conducting 
repeated observations. In this study, the researchers carried out three observations on 
each of the seven WS’s. Furthermore, field notes were taken during the observations 
and the interviews were audio recorded, which according to McGinn (2012) enhance 
the credibility of the study.   
 
On an ongoing basis collect and analyze data increases the credibility of the study 
(McGinn, 2012). This approach was followed by the researchers throughout the study. 
Furthermore, in the methodology chapter of this report, the researchers carefully and 
transparent explained the sampling processes. To do a brief explanation of the 
sampling processes increase the credibility (Tolley et al., 2016).  

2.8.2 Transferability 

According to Thomas and Magilvy (2011) is transferability to transmit the study 
findings or methods from one group to another. Halldórsson and Aastrup (2003) 
explains transferability as the extent that the report is capable of making general claims 
about the world. In this study, there was a risk of reduced transferability due to it was 
a single case study which provides results that can be difficult to transform to general 
claims. According to Toma (2011) the case investigated needs to provide usefulness to 
others in similar situations or with similar problems. To increase the possible 
transferability, the researchers therefore provided thick description of the context 
within this case study throughout the report. The fact the study examined two out of 
five AL’s at the case company indicates that the results could be generalized to similar 
companies with similar AL’s. For the study to be transferable, the companies should 
assembly large products on AL’s with mostly manual work activities in the developed 
world. According to Thomas and Magilvy (2011), a strategy to establish transferability 
is to provide a thick description of the research context.  
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2.8.3 Dependability 

According to Thomas and Magilvy (2011) the dependability of a study increases by the 
level of detailed explanation of the research methods, this is called an audit trail. Audit 
trail also include a description of the choice of participants, describing the data 
collection and duration of them and describing the purpose of the research (Thomas & 
Magilvy, 2011). The researchers in this study described all of these factors in detail in 
the chapter Methodology, which strengthens the dependability.  
 
According to Ellram and Tate (2015) is repeatability an aspect of dependability, which 
refers to if the study were conducted again in the same context and with the same 
participants the result would be similar (Toma, 2011). The researchers as stated above 
persistently described the process of the study in detail and the results were explained 
and discussed in below chapters Analysis and Discussions and Conclusions.  

2.8.4 Confirmability 

The confirmability of a study can be strengthened by using continuous verification in 
the processes within the study. The verification consists of controls, corroborating, also 
to collateral and be assured (Morse, Barrett, Mayan, Olson, & Spiers, 2002). Only peer-
reviewed material was used as sources, and in some cases also snowballing was used, 
to insure confirmability in this study. The verification in this study consisted of 
continuous controlling of collected data and making sure maintained focus by 
connecting the data with theories. According to Morse et al. (2002), to involve 
verification throughout the entire study is vital in a qualitative research, due to it 
enable continually contributing to the confirmability and the accuracy. In that way, can 
any errors be detected before they are contemplated in the study process. 
 
According to Halldórsson and Aastrup (2003) is the findings the results of the 
investigation and not the researcher’s biases, this accent on the researcher’s ability to 
confirm the findings through the data. Furthurmore, the conclusions and discussions 
should be traceable to their source (Halldórsson & Aastrup, 2003). The research of this 
study were reviewed by an external researcher, which assessed the results claimed in 
this study. 
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3 Theoretical Framework 

This chapter describes the theory for the study that is compiled into the theoretical framework. Further 
it describes the studies four large theoretical areas; assembly line, workstation design, ergonomics & 
human aspect, and standardization & flexibility. 

3.1 Connection between Research Questions and Literature 

The following chapter describes the theories collected to fulfill the RQ’s. As Figure 4 
shows, intended the RQ’s be answered through different theoretical areas.  

 
Figure 4 The connection between RQ's & literature 

3.2 Assembly Line 

In an AL, the final products start as a unit that moves along the line through multiple 
WS’s on a transportation system, typically a conveyor belt. Materials are assembled on 
the unit from the multiple WS’s (Alghazi & Kurz, 2017; Finnsgård et al., 2011), which 
results into a final product (Finnsgård et al., 2011). According to Kucukkoc and Zhang 
(2014), can AL’s be categorized into two groups based on the operations side of the AL; 
one-sided AL and two-sided AL. Two-sided AL’s are most often used in the production 
of large products and operators work opposite each other and on the same unit. The 
time it takes to perform the work activities in these WS’s is dependent on the takt-time 
(Alghazi & Kurz, 2017). Takt-time refers to the time that is used by matching the rate 
of production to the rate of demand (Weber, 2005).  

3.2.1 Mixed-model Assembly Line 

According to Weber (2016), means MMAL that a family of products with similar work 
activities, materials and processes are assembled on the same AL, with high 
productivity, quality and flexibility. The concept of MMAL’s was developed by Toyota 
in the mid 1960s as a response to changeover generated problems (Weber, 2016). Asadi 
et al. (2016) state that flexible assembly system can be created through MMAL’s as they 
offer high variety and alleviate variations in demand. Furthermore, MMAL’s share 
these characteristics, regardless of the type of product assembled; 

• The line includes different models’. 

• The material is presented in along the line. 
• Operators can perform several work activities for each model. 
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• The sequence of the line can be complex, and it must decrease the risk for 
overloaded WS’s (Weber, 2016). 
 

Enhanced number of products on an AL ordinarily contributes to added components 
that must be identified and maneuvered at each station (Brolin et al., 2017). According 
to Weber (2016) is the human worker the most flexible, intelligent assembler in a 
MMAL’s and low-volume environment.  

3.3 Workstation Design 

The WS design affects the performance of the whole company, it involves placement of 
materials, tools and equipment. It also involves routing work activities that the 
operator performs in the most efficient way (Goncalves & Salonitis, 2017). One of the 
cost-drivers of assembly production is space, in the design of an AL the space is often 
set and the WS’s along the line must be designed within these limits (Finnsgård et al., 
2011). By minimizing the size of the WS’s facilitates a shorting of the distance between 
operators’ work activities (Lešková, 2013).  Furthermore, states Lešková (2013), a WS 
must be easily remodeled and allow for fast changeovers and thereby reducing the non-
value-added time. 

3.3.1 Work Activities 

In a WS, a specific number of activities are performed, and it covers a certain area with 
known work instructions. The only value-added activity in a manual assembly is when 
a component is assembled on the assembly object (Finnsgård et al., 2011). Therefore, 
should operators have as few interruptions in their work as possible, to facilitate this 
should materials be supplied to the operator from the outside (Lešková, 2013). In 
manual assembly is the time picking materials for the operator substantial, which leads 
to large impacts on assembly cost (Hanson, Medbo, & Medbo, 2012). 

Ergonomics & Human Aspect 

Battini et al. (2016a) state that the frequency of manual work activities in AL’s is high, 
particularly when the products are large or when the incidence of automated tools are 
low. Further, these manual work activities are mainly performed with the upper body 
and consists of common repetitive movements, such as, moving arms, walking, and 
picking materials or tools (Battini et al., 2016a). Weber (2005) states that non-value-
added time can be concatenated with activities requiring obsessive usage of large-
muscles. These activities are often related to movements of bending and stretching 
when in standing position (Weber, 2005). By having job rotation and lifting aids, 
companies can reduce the physical exertion on the operator’s and thereby increasing 
the performance. When operators are under exertion, torso rotations and shoulder 
movements should be eliminated (Lešková, 2014). 
 
The work activities shall be performed as fast as sustainable possible, meaning that the 
operator should have sufficient time for recovery (Falck, Rosenqvist, Söderberg, & 
Örtengren, 2017). Therefore, the work sequence needs to be kept in the mind of the 
operator, because the time for checking work instructions are limited. At the same 
time, making the AL more flexible by producing different models, raises the demands 
on the operator’s mental ability to remember different work instructions. Falck et al. 
(2017) further state that the operators must make more choices in this environment, 
such as, picking right material or tool and assembly the materials in the right 
sequences. This evolves to high load on the operators cognitive and physical 
performance, which can trigger mistakes, such as quality defects, health concerns, and 
other assembly related faults (Falck et al., 2017). Therefore, should the focus of the 
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design be on the operators’ needs, with regards to the ergonomics, picking parts and 
tools and safety of the operator (Weber, 2005). 
 
When ergonomics is involved in the design of WS’s it also reduces injuries and fatigue 
(Lešková, 2014). According to Lešková (2014), supports ergonomic WS’s efficiency and 
reduces non-value-added work during production. Lešková (2013)  further explains 
the importance of performing the work activities at the ergonomically correct height 
throughout the process. Therefore, should the design of the WS’s prevents work 
activities being performed above the heart, because over that height, the circulation of 
blood and oxygen to the muscles is decreased (Lešková, 2014). Furthermore, small 
adjustments in the WS could lead to operators experience less fatigue and being more 
productive throughout their shift (Lešková, 2013).  

3.3.2 Material Presentation 

Several aspects need to be considered in presenting the materials for the operator, such 
as, format of containers, distance between the material and the AL, and the feeding of 
the materials (Hanson et al., 2012). Wänström and Medbo (2008) explain that 
material presentation is often placed on components racks, most often on a stand, 
fixture or shelf within the component rack. Furthermore, can flow racks be used 
(Wänström & Medbo, 2008), see Figure 5, which uses gravity to carry the containers to 
the operator and thereby suppling the operator with new materials (Lešková, 2013).  

 
Figure 5 Example of flow rack 

According to Wänström and Medbo (2008), can organizing containers within the racks 
minimize the movement, simplify the visibility, picking of materials, and reduce the 
times operators need to bend down to pick materials. Therefore, the design of both the 
WS and the materials position is regarded as the most significant in terms of 
productivity, with the aim of placing materials in arm’s length for the operator 
(Finnsgård & Wänström, 2013).  
 
Wänström and Medbo (2008) describes that the placement of materials is a 
determining factor for the operators’ time of picking materials. To facilitate this can 
racks with small containers and with large depth improves both the efficiency and 
flexibility of picking, imply Wänström and Medbo (2008). Furthermore, explain 
Goncalves and Salonitis (2017) that operators use different materials and tools to 
perform their required work activities. If they are confusingly presented, the operators 
lose time in order to locate them and thereby increasing the non-value-added time 
(Lešková, 2013). Weber (2005) states that materials and tools should be positioned in 
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a way that the operators do not have to look when reaching them. Therefore, the tools 
used in WS’s should have an own holder and a designated position (Lešková, 2013). 
 
Hanson et al. (2012) state that the location of the presented material can have 
considerable impact on the work cycle time, because of the operator needs to walk in 
order to pick the materials. Therefore, should the materials delivered to the AL be in 
the right quantity and match the production pace. The WS may otherwise increase and 
thereby increase the size of the AL and the risk of non-value-added work (Finnsgård & 
Wänström, 2013). Furthermore, the components displayed in continuous supply are 
limited to the space in each WS, which decreases the flexibility of handling several 
products (Hanson & Brolin, 2013).  

Ergonomics & Human Aspect 

Goncalves & Salonitis (2017) explains that the design of WS’s should be done from the 
aspects of operators, that it is crucial to create “from the inside and out”. The materials 
and tools should be positioned strategically and comfortable for the operator in the WS 
(Goncalves & Salonitis, 2017). To relate placement of materials with ergonomics, can 
the VASA model be used. The method aims to divide height and depth of materials into 
red, yellow and green zones, see Figure 6. The colors indicate the ergonomic impact, 
where red should be avoided, and green is the ideal from an ergonomic aspect 
(Finnsgård et al., 2011).  

 
Figure 6 Zones of VASA model with height (centimeters) from the floor & depth (Finnsgård 

et al., 2011) 

Wänström and Medbo (2008) state that it is an advantageous choice to place the 
material at the WS in the order of the work activities or of the variation of products. 
Material presentation that is structured as mirroring the assembly work creates; 
“holistic learning, which facilitates efficient learning of comprehensive and varying 
work tasks, is made easier in such an environment” (Wänström & Medbo, 2008). 
Furthermore, poor information and handling of various components during time 
pressure can cause added mental load (Brolin et al., 2017). Other ways to assist the 
operator are by adjusting the workbenches, containers, position of tools and material, 
and minimizing movements, which reduces the physical exertion (Lešková, 2013). 
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3.4 Standardization & Flexibility 

Weber (2016) states that there will always be built-in variation in work content at 

MMAL’s, where cross-trained operators is beneficial. An approach to handle variation 
is trough standardization (Fujimoto et al., 2003), which controls WS’s regarding 
variations of materials, tools and equipment (Goncalves & Salonitis, 2017). 
Furthermore, explains Weber (2005) that there are four pre-conditions and three pure 
work elements necessary in achieving standardized work, see Figure 7.  

 
Figure 7 Pre-conditions & pure work elements (Weber, 2005) 

 Goncalves and Salonitis (2017) state that it is fundamental to involve continues 
improvements, in order to have standardized WS’s. An often-used approach to reach 
well-organized WS’s is 5S (Goncalves & Salonitis, 2017). 5S stands for five Japanese 
words as described in the Table 4. Some of the discovered benefits of implementing 5S 
is a safer work environment, reduction in cost, time and non-value-added work, 
improved quality, productivity and efficiency, and employee learning (Gupta & Jain, 
2015).  

Table 4 Steps in 5S & their aim (Gupta & Jain, 2015) 
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Lean WS’s are designed for minimal non-value-added motions, such as twists, turns, 
reaches, pickups, and walking that is unnecessary for the operator when assembly the 
unit (Weber, 2005). Where reaching is the most common source of non-value-added 
work and by designing the WS’s in regards to size, height and configuration this could 
be decreased (Weber, 2005).  
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4 Empirical Data 

This chapter first describes the case company and then the empirical data that has been collected 
through several methods, in order to fulfill the purpose of this study. 

4.1 Case Description 

The case study was conducted in Husqvarna Group’s largest plant, located in 
Orangeburg, South Carolina, USA. The plant had a workforce of approximately 2 000 
employees and assembled riding lawn mowers, so called “riders”. They also produced 
a large amount of the ingoing components. The products which were assembled on the 
plant’s five AL’s were divided into Zero-turn radius, Lawn riding Vehicle, Stand-On 
mowers, and Tractors, with a volume of approximately 438.000 units per annum 
(Husqvarna Group, 2018). These products were assembled against forecast.  
 
This study was delimited to two of the plant’s AL’s, AL1 and AL2, that assembled 
product that differed in size, ingoing materials and functions. The plant wanted to 
reduce floor space occupancy and reduce non-value-added work for these AL’s. There 
was also a need to combine workforce for better managing. These factors led to the 
request of creating a MMAL by combining AL1 and AL2.  In this study AL1 and AL2 
was further delimited to seven WS’s that assembled transmission and when 
transmission merged with frame, circled in Figure 8 and showed in Picture 1. At both 
AL’s, operators assembled in fixed WS’s with one operator in each, while the units 
moved forward either manually or automatically. 

 
Figure 8 Focus on AL1 & AL2 
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Picture 1 Transmission merged with frame 

To get an idea of how the studied transaxles and transmission appearance and 
assembly, see Picture 2. The study was further delimited to only focusing on the 
operators’ work activities and WS’s material presentation.  

 
Picture 2 Transaxle & transmission 
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4.2 General for both Assembly Lines 

The summarized information in Table 5 is gathered through observations and 
interviews from both AL’s. The hoists used in both AL’s are showed in Picture 3. 

Table 5 General information for both AL’s 

 

 
Picture 3 Different types of hoist used in AL1 & AL2 
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4.3 Assembly Line 1 

With regard to the observations and document study, the chosen WS’s (WSA, WSB, 
WSC and WSD) on AL1 are illustrated as grey boxes in Figure 9. The white boxes were 
space without a WS, but the operators with the same letter used that space (A) to lift 
the frame and (B) to lift the transmission on the AL. When the work activities were 
completed for both operators at WSA/WSB, the operator at WSA pressed a button to 
move the units on the AL forward. In AL1, had all models the same components except 
that they required different transaxles. 

 
Figure 9 Layout of AL1 

4.3.1 Workstation A 

Picture 4 displays how the materials and tools were located at WSA and the height of 
materials are described in Figure 10. The observation showed, reaching the belts and 
the materials on the second highest shelf in the rack, caused shoulder-arm raise. The 
operator needed to take a step to reach the belts and the belts clogged several times, 
which during the observation added extra picking time. Furthermore, the observation 
showed that two wrenches were occasionally mixed when picking.  
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Picture 4 WSA & WSB 

 
Figure 10 Height (centimeters) of materials in WSA 

According to the observations, had WSA more work activities to perform than other 
WS’s in AL1. This operator was hurried to catch up while remaining three operators 
had waiting time and they also helped other WS’s. BC1 explained that WSA consisted 
of difficult work activities, there had been situations when other people attempt to fill 
in when the regular operator was gone. All times complaints occurred about excessive 
pressure. BC1 stated, "I have people tried this job and they have actually been with the 
company for a minute and then they like this is too much”.  
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The observations and work instructions showed that twice in each cycle did the 
operator walk back and forth between the workbench and the pallets of transaxles 
which were manually lifted, see Picture 5.  The observation further confirmed that for 
each unit the operator had to walk from the workbench to the hoist/frames, lift the 
frame to the AL, go back to leave the hoist at the frames and then go back to the 
workbench. Both the interview with BC1 and the observations showed that the use of 
this hoist required a lot of upper body movements with shoulder-arms raise. 
Furthermore, showed the observation that the operator performed work activities on 
the transaxle in the opposite side of the workbench (WSB), which caused the operator 
to bend over. 

 
Picture 5 Hoist for frame and pallets of transaxles (centimeters) 

During the observation, the operator had to bend down to reach transaxles when the 
pallets had two layers or less. When the pallets had four layers, the operator had to 
stretch over the edge of the pallet in order to lift the transaxle over, the pallets of 
transaxle are described in Figure 11. BC1 explained that the operator had responsibility 
of lifting off the empty layers. When the pallet had three layers or more, this movement 
forced the operator to work with shoulder-arm raise. Bc1 stated that no equipment 
existed to assist the operator to lift the transaxles or empty layers.  
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Figure 11 Pallet of transaxles in AL1 (centimeters) 

4.3.2 Workstation B 

The material presentation in WSB is illustrated in Figure 12. The observation showed 
that the main difference in material presentation between WSA and WSB was that in 
WSB was not the top shelf underneath the workbench used. BC1 stated that the 
operator placed a container on the workbench because it did not fit the top shelf 
underneath the workbench and the bottom shelf was for storage. BC1 further explained 
that the design of the material presentation was adapted for an operator that worked 
when AL1 had six more operators. 
 
The observations showed that the loose materials placed on the workbench, see Picture 

4, were in Figure 12 containers underneath the workbench, in the rack, and in 
containers on the floor behind the rack. After an overview of the containers, the 
majority of them consisted of mixed materials.  

 
Figure 12 Height (centimeters) of materials in WSB 

It was clear from work instructions, observations and interview with BC1 that WSB 
consisted of waiting on the opposite operator. During the observation, the operator 
spent time helping other WS’s to assemble and refill materials. The observation further 
showed that the operator performed work activities on the transaxle on the opposite 
side of the workbench (WSA), which required the operator to bend forward. According 
to the observations and work instructions, the operator lifted the transmission from 
the workbench to a holder on the table in Picture 6.   
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4.3.3 Workstation C & Workstation D 

According to the work instructions and observations, the only difference between WSC 
and WSD was that the work activities was done on the left versus right side of the unit. 
The operators in those WS’s shared containers of materials, which were placed in front 
of the operators on the moving table under the unit, see Picture 6.  

 
Picture 6 Placement of materials and tools in AL1 

The observations and interview with BC1 showed that the existing holders for tools 
alongside AL1 were designed for other another type of airguns and the ones they used 
did not fit. During the observations, the operators went between tables to search for 
and retrieve tools.  
 
Both the observations and the interview with BC1 showed that the operators in WSC 
and WSD worked in a way that required them to continually walk back and forth along 
the AL. According to BC1 and the work instructions were the work activities performed 
in a different order and division between each other than stated in the work 
instructions. BC1 explained that this approach is risky,” … that’s where you really have 
errors because they might be finishing one unit and have to come back and finish up 
on another unit, while the AL moves forward and continue to go on the next unit and 
that is how you forget parts”. 
 
BC1 explained that the containers were occasionally in the way for the operators when 
performing work activities. During the observations, it happened that the operators 
pushed the containers on the table when they assembled. BC1 further stated that the 
material presentation was perceived as confusing. According to observations and 
individual part lists, the material used in these WS’s looked alike, see Picture 7. BC1 
described, as the material were placed close and the only difference between some 
materials were their size or shininess, the material presentation was vulnerable. 
Furthermore, BC1 declared that there were issues with operators not knowing what 
sequence the material should be assembled. 
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Picture 7 Material presentation in WSC & WSD (picture taken from above)  

The tables were located 90 centimeters above the floor and the majority of work 
activities were performed at the top of the frame, which was 1,3 meters above the floor, 
Figure 13 illustrates the table of materials. The interview with BC1 and the observations 
showed that most work activities required the operators to bend over to reach materials 
on the opposite side of the table and to see when assembling parts underneath the unit. 
According to BC1 did this mostly occur because the height of the AL was not suitable. 

 
Figure 13 Table with containers of materials (centimeters) in WSC & WSD (illustration 

from above) 
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4.4 Assembly Line 2  

With regard to the observations and document study, the chosen WS’s (WSE, WSF and 
WSG) in AL2 were illustrated as grey boxes in Figure 14. The white boxes were space 
without a WS for the chosen model, but WSE lifted the transmission and pallet in the 
white box with letter E. WSE and WSF were positioned on the transmission line, 
located next to the main line and WSG were the first WS on the main line. Both AL's 
were named AL2 in this report. In AL2 were the units manually pushed forward when 
the operators’ assembly was completed. As mentioned the takt-time for AL2 was seven 
minutes as per the researchers’ supervisor, but according to the observations it took 
around four minutes to assembly one unit for WSE and WSF (getting a cart was 
excluded in the estimated time due to it was performed by different operators in the 
AL2). BC2 explained, changing model in AL2 required replacement of all components. 
The limited time and storage space resulted in having all model’s materials present 
along the line all the time. BC2 further stated that performing a changeover in AL2 
without letting non-used materials for that model being present at the line, probably 
required one hour.    

 
Figure 14 Layout of AL2 
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The observations showed that WSE had more work activities to perform comparatively 
to WSF and WSG. WSF consisted of waiting for the opposite operator. According to 
BC2, the three WS’s had together the responsibility of bringing back the carts, see 
Picture 8, from the end of the main line. The carts were located in a distance of about 
40 meters one way from WSE and WSF. The carts were manually pushed, and 
according to BC2 was the carts perceived as heavy and the work activity perceived as 
time consuming. BC2 further stated that the operators occasionally had to leave their 
main occupation, assemble, to get a cart.  

 
Picture 8 Unit on cart 

4.4.1 Workstation E 

The design of the AL and material presentation, are shown in Picture 9 and the 
dimensions of WSE are shown in Figure 15. The height of WSE and WSF was 94 
centimeters and the containers in front of the operators hanged at 66 centimeters. The 
containers of materials that hanged further down from WSE and WSF were materials 
for other models.  

 
Picture 9 WSE & WSF 
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Figure 15 Dimensions of WSE (centimeters) 

When the transmission was lifted to the cart on the other side of the AL from WSE, the 
white pallet under the unit had to be lifted down to the conveyor under the AL, see 
Picture 9. The pallet was then transported underneath the AL thus the operator lifted 
the pallet at WSE and WSF again. The picking up and down caused the operator to 
walk between the edges of the AL and to bend almost as far down as the floor. The 
observations showed that the operator varied manual lifting with using a hoist. BC2 
stated that there was no hoist designed for the pallet. The operator used the hoists that 
were made to lift the transaxles/transmissions. Which according to BC2 and 
observations were unwieldy and time consuming to use for the purpose of lifting the 
white pallets. Also, the observations and the interview with BC2 showed that the 
stopper for the pallet underneath the AL was broken which forced the operator to bend 
over to stop the pallet each time it reached WSE. Furthermore, the pallet moved freely 
on top of the AL, which implied that both operators in WSE and WSF had to hold one 
side while they assembled on the other.  
 
There were three wrenches, three gauges, one open bottle of oil with a brush used at 
this WS which were mixed in the containers of materials, see Picture 10. There were 
also two hoists used. Furthermore, the observations showed that the operator had to 
search visually for the tools before grasping them. Some tools also required an 
additional look after they were grasped, in order to determine which was left versus 
right. It was also clear that the operator placed the tools in different containers after 
use.  
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Picture 10 Material and tool presentation in WSE 

The observations showed that the operator needed to bend over and walk in order to 
assemble each unit. One work activity was for example when the operator walked from 
WSE lifted the transmission from the AL to the cart, moved the cart to the main line 
and walked back to WSE. The work activity of lifting the transmission to the cart did 
according to the work instructions belong to WSF, but BC2 explained that the hoist 
was hard for that operator to maneuver.  
 
The operator had the responsibility of manually lifting the frames from the pallet to 
WSE, see Figure 15. According to BC2 and the observations, were the frames hooked 
into each other when delivered to the WS, see Picture 11. The operator spent additional 
picking-time to search for a frame that could be lifted and that movement of lifting a 
frame required the operator to shoulder-arm raise.  

 
Picture 11 Pallet of frames 

The observations and work instructions displayed, that after the frame was picked, the 
operator had to walk to each pallet of transaxles. Due to the limited space, the pallets 
were placed behind each other. The observations showed that fastening the hoist on 
the transaxles required the operator to bend down when the pallet consisted of one 
layer, but when it had three layers it resulted in shoulder-arm raise, see Figure 16. 
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Figure 16 Pallet of transaxles in AL2 (centimeters) 

The observations and BC2 confirmed, when a layer was empty the operator in WSE 
was responsible of manually lifting off the empty layers from the pallet and place it in 
a pile beside. As seen in Figure 17, comparatively with AL1 the pallets in AL2 had an 
additional lid for each layer, which required the operator to perform an additional lift 
in order to reach a new layer of transaxles.  

 
Figure 17 Pallets of transaxles in AL1 versus AL2 

4.4.2 Workstation F 

The observations showed that the operator needed to bend over the material 
presentation and shoulder-arm raise to assemble some parts on the unit. Control rods 
were placed loosely at the WS, see Picture 12, and stored in a rack 2,7 meters from the 
operator in a height of 1,4 meters. According to the observations, the operator needed 
to shoulder-arm raise when reached for the control rods in the rack. To grasp the 
control rods the operator needed to take a few steps to the side. According to the 
operator and BC2, the left and right control rods were identical except for their article 
number, which required them to be handled separately. BC2 was asked if there was a 
risk for picking the wrong control rod, and the response was “it’s always a possibility”. 
BC2 stated that the reason the operator placed them closer to the AL was to check them 
and avoid turning around in each cycle.  
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Picture 12 Material presentation in WSF 

4.4.3 Workstation G 

The material presentation in WSG consisted of a rack, see Picture 13 and the dimension 
of the WS is illustrated in Figure 18. During the observations, did the operator shoulder-
arm raise to grasp material from the top shelf in the rack. Nevertheless, BC2 stated that 
the location of containers in the rack depended on that the operator was tall and 
constantly moved material up higher.  

 
Picture 13 Material presentation in WSG 
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Figure 18 Dimensions of WSG (centimeters) 

According to the observations, the use of hoist required the operator to perform work 
with shoulder-arm raise. The observations also showed that all tools except the hoist 
were placed in different places in the rack each time after they were used or in the 
operators’ pocket. Furthermore, it showed that the operator several times needed to 
search for the tools both visually and by hands. BC2 explained that placing tools in 
pockets caused problems. For example, in situations when someone had to go in and 
cover for the operator and the tools were not available at the WS.  

 
The observations showed that the “workbench” was the unit on the cart, see Picture 14, 
and the operator moved around the cart to perform the work activities. For almost 
every work activity the operator walked between the rack and the unit, and twice per 
unit between the unit and frames/hoists.  
 
BC2 stated, “to maneuver this station it would almost need a heavy”, which means a 
person that can handle heavy work activities. The limited space at the WS forced the 
operator to work with the unit partly in the carriageway, and further away from the 
rack of materials and tools, see Picture 14. 

 
Picture 14 WSG 
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5 Analysis 

This chapter is structured after RQ1, RQ2 and RQ3. The RQ’s were analyzed by comparing the collected 
data with the theoretical framework. 

5.1 What problems in existing manual workstations can be identified, regarding 
work activities and material presentation? 

Work activities and material presentation are related and therefore did the answers to 
the RQ’s interfere with each other.  

5.1.1 Work Activities 

The interviews and observations showed that both AL’s operators divided the work 
activities between each other different than stated in the work instructions. Weber 
(2005) explains that operators’ workload should be close to the takt-time. It was 
further clear from the observations, interviews and work instructions that both AL’s 
had WS’s consisted of waiting time and WS’s that consisted of work activities that were 
tight to accomplish within the takt-time. Weber’s (2005) explanation of work load, may 
therefore be seen as not followed in the AL’s. According to Falck et al. (2017) should 
operators have appropriate time for recovery, which means that the work activities are 
accomplished as fast as sustainable possible. BC1 explained that the operator in WSA 
was exposed for excessive pressure and the observations showed that this WS had 
difficulties to perform the work activities within takt-time. With regards to Falck et al. 
(2017) explanation of as fast as sustainable possible, were neither the WS’s at the case 
company with almost non-existent rest or with abundant of rest performed as fast as 
sustainable possible.  
 
Weber (2005) states that the takt-time should be considered as a balance between the 
production rate and the demand. The observations showed that AL2 differed 
approximately three minutes between the main line and the transmission line. The 
main line and the transmission line had the same rate of demand (one unit in main 
line had one transmission) but apparently not the same production rate. According to 
Weber’s (2005) explanation of takt-time, was AL2’s takt-time imbalanced.  
 
According to Lešková (2014), is job rotation a way to reduce the risk of physical 
exertion and to increase the performance among the operators. The interviews showed 
that the limited cross-trained operators resulted in no job rotations. With regards to 
Lešková’s (2014) advantages with job rotation, may the limited cross-training at the 
case company increase the risk of physical exertion and prevent increased performance 
among operators.  
 
Lešková (2014) explains that the efficiency and value-added work is increased in an 
ergonomic WS. The height of the performed work activities is vital in an AL (Lešková, 
2013) and should not be performed above the height of the heart (Lešková, 2014). The 
observations displayed that operators in both AL’s worked above the height of the heart 
mainly when used hoists, reached materials and assembled. According to Lešková’s 
(2013; 2014) explanation of ergonomic WS’s, were the mentioned work activities not 
performed ergonomically which Lešková (2014) states is a risk of inefficiency and 
increased non-value-added work.  
 
The interviews declared that the limited space in both AL’s was problematic, especially 
during changeovers. In AL2 were all components required to be changed between 
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models and to replace all components along the line was estimated to take one hour. 
Finnsgård et al. (2011) describes space as a cost-driver of assembly production, at the 
same time highlights Lešková (2013) that WS’s should be remodeled easily and support 
for fast changeovers due to changeovers are non-value-added work. The limited space 
at the case company was therefore more linked to the value of space being a cost-driver 
(Finnsgård et al., 2011) than the value of space being a support for fast changeovers 
(Lešková, 2013).  
 
Weber (2005) links non-value-added motions with reaches and walking, the 
observations demonstrated that majority of the WS’s had work activities consisted of 
walking. For instance, operators walked to use the hoists in order to lift frames, 
transaxles, and pallets. Also, in some WS’s operators walked back and forth along the 
AL to assemble. Furthermore, showed the observations that the majority of operators 
assembled on the opposite side of the unit which required them to bend over the 
workbench/AL to reach. Weber (2005) further highlights a connection between non-
value-added work and operators’ excessively use of large muscles, such as 
bending/stretching in standing position. At the case company were the transaxles 
manually lifted to the workbench. The operator stood and bended/reached when 
moved the transaxles. With regards to Weber’s (2005) link to non-value-added work, 
could the mentioned work activities involve non-value-added work.  
 
Lešková (2013) highlights that operators in an AL should have as few interruptions as 
possible, which means that material should be supplied from the outside to the WS’s. 
According to the observations did the operators mostly refill their own materials. For 
instance, did operators lift off every empty layer of the transaxle pallets, also switch to 
new pallets which were placed on the other side of the carriageway. Another example 
was in AL2 when operators had to walk approximately 40 meters one way in order to 
get one cart, which was required for completing one unit. With regards to Lešková’s 
(2013) statement of interruptions, were the operators exposed to interruptions.  

5.1.2 Material Presentation 

WS’s do not only include work activities, also the placement of equipment, tools, and 
materials are included in WS’s. Materials and tools should be tactically placed and 
suitable for the operators (Goncalves & Salonitis, 2017). The interviews demonstrated 
that not all WS’s were adapted for the existing operators and some containers and 
shelves did not fit. According to Finnsgård et al. (2011) can placement of material be 
connected to ergonomics through the VASA model. The materials are divided into 
zones depending on the height and depth from the operator. Green zone indicates an 
ideal ergonomic placement and red should be avoided (Finnsgård et al., 2011). 
Finnsgård’s et al.  (2011) VASA model, was applied in the WS’s at the case company, 
see Figure 19. It showed that storage shelves and some constantly used containers were 
located in red zones. With regards to Finnsgård’s et al. (2011) statement of avoiding 
red zones, were some of the existed placement of materials non-ergonomic.  



 Analysis 

  

 37 

 
Figure 19 VASA model (Finnsgård et al., 2011) applied in the case company’s WS’s 

According to Goncalves and Salonitis (2017) should the material presentation be 
designed to facilitate operators to perform the work activities. Operators should not 
even have to look when grabbing material (Weber, 2005). At the case company did 
some operators bend over the material presentation and some were occasionally in the 
way for the operators when assemble. Further, some materials and tools looked alike. 
With regards to Goncalves’ and Salonitis’ (2017) and Weber’s (2005) statements about 
material presentation, did the material presentation lack in supporting the operators’ 
performance.   
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According to Hanson et al. (2012) is the time operators spend picking materials in 
manual assembly substantial. Therefore, has the picking time a big impact on the 
assembly cost (Hanson et al., 2012). The observations showed that some materials 
added extra picking time for the operators. For instance, the belts clogged in WSA, the 
frames were hooked into each other in the pallet at WSE and the pallets of transaxles 
consisted of one additional lid for each layer in AL2 compared to AL1. With regards to 
Hanson’s et al. (2012) statement of picking time, may the mentioned material 
presentation be a risk for increased assembly cost.  
 
BC1 explained that operators had problems knowing the order materials should be 
assembled. According to Wänström and Medbo (2008) are there advantages in placing 
the materials in the order which the work activities are performed. In AL2 were all 
models’ components present all the time. Weber (2005) explains that the only 
materials presented at the WS should be the materials the operator uses. More material 
increases the size of the WS, which in turn increases the risk of non-value-added work 
(Finnsgård & Wänström, 2013). With regards to placing materials in the order of work 
activities (Wänström & Medbo, 2008), was there a lack in the placement of containers 
in AL1. According to Finnsgård’s and Wänström’s (2013) connection between unused 
materials and non-value-added work, were there a risk of increased non-value-added 
work at the WS’s. 
 
There is a potential reduction of physical exertion and increased performance of the 
operators if lifting aids supports the work activities (Lešková, 2014). The observations 
and interviews showed that some movements of lifting above the shoulders combined 
with walking did not have supporting hoists, for instance when the operator lifted 
transaxles from pallet to the workbench in WSA. According to Lešková’s (2014) 
statement of lifting aids, did the case company lose potential performance of operators 
in mentioned work activities due to non-existing lifting aids.  

5.2 What can be considered regarding operators’ work activities in creation of 
standardized workstations for a mixed-model assembly line? 

Standardized work activities guarantee the best practice of the work activities to be 
performed (Gupta & Jain, 2015). To enhance the probability that operators follow the 
work instructions, should WS’s be designed so that the easiest way to perform the work 
activities is by following the work instructions (Weber, 2005). At the case company, 
four out of seven operators did not follow their work instructions. For instance, did the 
operators in WSE and WSF divide their work activities differently due to one operator 
had difficulties to maneuver the hoist. According to Weber’s (2005) statement of WS’s 
design and standardized work (Gupta & Jain, 2015), may it be of even greater 
importance with Brolin’s et al. (2017) fact of high variety of models and components in 
MMAL’s. Connected to the case company must also the work activities be supported 
with the right equipment so that more than one operator can handle each WS. If more 
than one operator enables to handle each WS it also promotes the possibility to manage 
cross-training, which according to Weber (2016) enhance the flexibility in a MMAL. 
 
Goncalves and Salonitis (2017) state that the design of WS’s affects the performance of 
the whole company and Weber (2016) claims that the human is the most flexible and 
intelligent assembler in a MMAL. Further explain Battini et al. (2016a) that the manual 
work activities are often performed with the upper-body and arms and the height of 
the work activities must be ergonomically correct (Lešková, 2013). At the case 
company, different height of WS’s existed. In AL1 was the workbench at WSA and WSB 
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89 centimeters high and at WSC andWSD was the AL’s height similar but the majority 
of work activities were performed form the top of the frame at 1,3 meters. Due to the 
importance of the height in manual work activities (Lešková, 2013), should therefore 
the height in a MMAL both concern different work activities for every single WS 
(require the AL to change height depending WS) and also concern the different models’ 
work activities in WS (balancing the different work activities for each WS per model).  
 
According to Weber (2016) is there a risk for the sequence in MMAL’s to be complex 
and the workload must not be overloaded in any WS. The operators should perform 
work activities close to the takt time (Alghazi & Kurz, 2017), but according to Falck et 
al. (2017) with time to recovery. The observations and interviews demonstrated an 
imbalance between operators, but also work activities that was perceived to be 
performed on the “wrong” side of the AL. In the AL’s operators assembled on both sides 
of the same unit, which according to Kucukkoc and Zhang (2014) is the most common 
way when assembling large products. At the same time states Weber (2005) that WS’s 
should be designed to minimize the amount of motions such as reaches. In creation of 
MMAL is it therefore vital that the work activities are carefully balanced in order to 
reduce overloaded WS’s (Weber, 2016), according to the case company both regarding 
where the work activities are performed at the unit and by which operator. WS’s 
designed to reduce reaches (Weber, 2005), may with regards to the observations be 
achieved by dividing work activities to selected sides on the AL. 
 
The amount of motions can be connected to the size of the WS, decreased size of WS 
leads to decreased distance for operators to move between work activities (Lešková, 
2013). At the case company, some operators needed to walk 40 meters one way to get 
one cart for each unit. Another example, on WSA and WSB were the transaxles first 
lifted from the pallets to the workbench, on the workbench where the transaxles 
composited into a transmission which then were lifted on the AL table. According to 
Alghazi and Kurz (2017) move often units along the AL with a conveyer while operators 
assemble on the unit at different WS’s. In order to reduce the size of the WS’s and also 
the motions (Lešková, 2013), could a conveyor (Alghazi & Kurz, 2017) at the case 
company eliminate the above examples of activities that increased the size of the WS’s. 
Due to the increased number of models and components handled in each WS on a 
MMAL (Brolin et al., 2017), may there be an even greater risk for increased size of WS’s 
which must be considered in the performance of the operators.  
 
The approach of MMAL’s are that they manage a family of products in the same AL 

(Weber, 2016), one of the advantages in MMAL’s is the high flexibility (Weber, 2016). 

Therefore, must WS’s be designed to support for fast changeovers because it is a type 

of non-value-added work (Lešková, 2013). As mentioned was the limited space at the 

AL’s perceived as a problem during changeovers. At the same time is the space a cost-

driver of assembly production (Finnsgård et al., 2011), and also increased size of WS’s 

increase the risk for added motions  (Lešková, 2013). The space should therefore be 
considered in the creation of MMAL, with a balance between the aim of fast 

changeovers (Lešková, 2013), cost-driver (Finnsgård et al., 2011), and added motions 

(Lešková, 2013). 

The increased number of components emanates with the increased number of models 

handled in the MMAL (Brolin et al., 2017). Refills can be seen as equal to interruptions 

in the operators work (Lešková, 2013). As earlier mentioned, did the operators refill 
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the majority of their own materials. With regards to refills as interruptions (Lešková, 

2013) and the increased number of components in MMAL’s (Brolin et al., 2017), may 

there be a dramatically increase of interruptions (refills) for operators in MMAL’s if 

not distributed to external operators. 

5.3 What can facilitate the work performance and ergonomics of operators 
when designing material presentation for standardized workstations for a 
mixed-model assembly line? 

The enhanced number of components in MMAL’s, creates a complexity that must be 
managed in each WS (Brolin et al., 2017). When designing material presentation 
concerns must be taken to the distance between materials and AL, and materials’ 
feeding. The location of material in WS’s can have a big impact on the work cycle time 
(Hanson et al., 2012), and the position of materials it is also stated to be the most 
important when it comes to the productivity of the operator (Finnsgård & Wänström, 
2013). At the same time, the refill of materials is equal to interruptions (Lešková, 2013) 
which according to Finnsgård et al. (2011) is non-value-added time. In the majority of 
the WS’s were the small components placed between the operator and the AL or in 
racks next to the workbench. The larger components such as transaxles were placed in 
walking distance to the AL. With regards to the importance of both distance and 
feeding (Hanson et al., 2012), may the racks therefore be seen as in the most beneficial 
position due to shorter distance than the larger components and less conflicts with the 
assembly during feeding than when placed between the operator and the AL. Due to 
MMAL’s numerous components (Brolin et al., 2017), may the performance of 
operators in MMAL’s be even more dependent on the level material presentation 
facilitates external operators to conduct refills without interrupting the assembly and 
that the distance between the AL and material is kept as short as possible.  
 
Hanson et al. (2012) explain that except for distance and feeding should also the format 
of containers be involved in the design of material presentation. The time it takes for 
operators to pick materials is vital and has a substantial impact on the assembly cost 
(Hanson et al., 2012). At the case company was the transaxles presented in two 
different ways for each AL. In AL2 were the transaxles presented in pallets with an 
additional layer compared to AL1. This resulted in one extra motion when changing 
each layer. Due to the increased number of components handled in MMAL’s (Brolin et 
al., 2017), may the importance of avoiding time consuming format of transaxle pallets 
(as in AL2) be of even greater importance for the operators’ performance. 
Furthermore, to keep down the assembly cost (Hanson et al., 2012).  
 
The material presentation and tools should be designed with respect to ergonomics 
and minimal non-value-added motions (Weber, 2005). The ergonomically height and 
depth of material presentation can be achieved by using the VASA model (Finnsgård 
et al., 2011). At the case company were frequently used material presentations both in 
red and green zones. With regards to Weber’s (2005) link between ergonomics and 
reduced non-value-added work, would the performance and ergonomics of operators 
be increased at the case company if the material presentations only were located in 
Finnsgård’s et al. (2011) green zones in the VASA model. 
 
Component racks are stated to minimize movements (often bending) and simplify the 
visibility of materials (Weber, 2005). One type of component rack is flow rack which 
use gravity to supply containers to the operator (Lešková, 2013). The observations 
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showed that the case company used flow racks in some WS’s. Furthermore, the 
containers in racks should be deep and consist of small containers for increased 
flexibility and efficiency (Wänström & Medbo, 2008). At the case company did the 
racks consist of different sizes of containers with only one container in depth. With 
regards to Wänström’s and Medbo’s (2008) statement of racks, increased performance 
and ergonomics for the operators could have occurred if another design of racks were 
used.  
 
It is vital to design WS’s “from the inside and out” which means that the operators’ 
view should be the starting point (Goncalves & Salonitis, 2017). Material presentation 
organized as mirroring the assembly, facilitates learning of various work activities 
(Wänström & Medbo, 2008). BC1 mention that operators had issues with not knowing 
the sequence of assembly material, which led to errors. In MMAL’s must operators 
make more choices of picking right materials in the right sequence (Falck et al., 2017). 
With regards to the connection between material presentation and learning work 
activities (Wänström & Medbo, 2008) and increased choices in MMAL’s (Falck et al., 
2017), may placement of material in the sequence of work activities be of even greater 
importance in MMAL’s due to the issues at the case company.  
 
Standardization can control a broad variety of tools and equipment. If the tools are 
confusingly placed the risk for increased picking-time and non-value-added work 
occur (Goncalves & Salonitis, 2017). According to Lešková (2013) should all tools that 
operators use in WS’s have one holder each with a designated position. At the case 
company were the majority of tools mixed with materials due to the lack of supporting 
holders, which led to additional search for the operators to grasp tools. With regards 
to the increased components that comes in MMAL’s (Brolin et al., 2017), may 
standardized placement and own holders of tools reduce the risk of increased picking 
time (as occurred in the case company).  
 
Standardization is an approach to handle variation (Fujimoto et al., 2003), and 
variation is common in MMAL’s (Weber, 2016). In order to create standardized WS’s, 
a beneficially choice is to encompass continuous improvements, such as 5S (Goncalves 
& Salonitis, 2017). 5S is an approach that cut costs, time and non-value-added work 
(Gupta & Jain, 2015), Table 6 connect theories with the situation at the case company.  
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Table 6 5s approach linked to the case company 
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6 Discussions and Conclusions 

This chapter begins with compound description of the findings, further a discussion about the three 
RQ’s. Furthermore, is the implications, methodology and conclusions discussed. The chapter ends with 
suggestions on further research.  

6.1 Discussion of findings  

6.1.1 What problems in existing manual workstations can be identified, regarding 
work activities and material presentation? 

The first RQ aimed to map the existing problems in the AL’s at the case company. The 
current state of WS’s were investigated by the collected and analyzed empirical data, 
which was collected through observations, interviews and document studies. The RQ 
was then divided into the areas of work activities related problems and material 
presentation related problems. Both areas were focused on the perspectives of 
ergonomics, standardization and non-value-added work. 
 
The researchers found several existing problems in the case company’s WS’s, through 
connection of the analyzed empirical data and analyzed literature study, which resulted 
in answering the first RQ. The main problems in the existing WS’s were mentioned in 
the Analysis. This study discovered several problems in the existing WS’s at the case 
company in the areas of material presentation and work activities, regarding 
ergonomics, standardization and non-value-added work. The results showed on a 
diverse range of problems and lack in the involvement of the human aspect in the 
design of WS’s both regarding material presentation and work activities. The 
researchers found that the ergonomics was not included everywhere in the design of 
work activities or material presentations which resulted in identified non-value-added 
work, which strengthen Battini’s et al. (2016a) connection between productivity and 
ergonomics. The results showed various problems in the design of material 
presentation and work activities which highlighted a lack of standardization. The 
researchers discovered a clear connection between the non-standardized material 
presentations and work activities with non-value-added work, which prove Goncalves’ 
and Salonitis’ (2017) link between standardization and efficiency. Thereto has RQ1 
been answered and contributed with empirical data to RQ2 and RQ3. With regards to 
the limitation to work activities and material presentation, and the chosen perspectives 
of ergonomics, standardization and non-value-added work, do not the researchers 
guarantee no inefficiencies in other areas.  
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6.1.2 What can be considered regarding operators’ work activities in creation of 
standardized workstations for a mixed-model assembly line? 

The second RQ aimed to examine how operators’ work activities for different models 
can be merged into standardized WS’s on a MMAL. As mentioned, the empirical data 
that was needed in order to identify problems in existing WS’s, the answers from RQ1 
and the literature study contributed to the answer to RQ2. The researchers found some 
indications of factors regarding work activities that can be considered in creation of 
standardized WS’s on a MMAL. These are highlighted in the analysis 5.1 and in Table 

7, which stands for the answer to RQ2.  

Table 7 Indication of findings to RQ2 
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6.1.3 What can facilitate the work performance and ergonomics of operators when 
designing material presentation for standardized workstations for a mixed-
model assembly line? 

The aim of the third RQ was to examine standardized material presentation that takes 
the different models’ activities and components into account together with the human 
aspect on a MMAL. The empirical data for identification of existing problems in WS’s, 
answers to RQ1 and RQ2, and the literature study contributed to the answer to RQ3. 
The researchers found some indications of factors regarding material presentation that 
can be considered in creation of standardized WS’s on a MMAL. These are highlighted 
in the analysis 5.1 and in Table 8, which stands for the answer to RQ3. 

Table 8 Indication of findings to RQ3 

 

6.2 Implications 

The framework proposed during this study are guidelines for companies in the process 
of designing new WS’s especially for MMAL’s. It is important to view this as a 
framework for standardized WS’s and not the key guidelines for successful WS’s. The 
framework regarded the operators’ interactions with the material presentation and 
work activities in the design of combining two AL’s to a MMAL. The results and 
collected data revealed WS’s as a crucial part of the productivity of the assembly 
process. The study results indicated that the framework could be useful for addressing 
efficiency and operators’ well-being. Therefore, aims the research to support and 
facilitate the creators of new WS’s for MMAL, with focus on operators’ performance 
and ergonomics and thereby the efficiency of the production process. 
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When this study was conducted, the area of MMAL’s and WS’s was well researched by 
other researchers and multiple articles within the area were published. However, the 
existing researches mainly focused on the automotive industry. Researches within 
industries with low automation and high presence of manual WS’s in MMAL’s was 
nearly non-existent. This study contributes theoretically by a general context with a 
framework for standardized WS’s on a MMAL. Practically contributes this study with 
theories that could be used by companies that are in the process of merging AL’s into 
a MMAL with low automation. Case specific contributes the study by presenting a 
framework for the case company to be based on when merging the two existing AL’s 
into a MMAL.  

6.3 Discussion of method  

The researchers approach was a case study and collected data through literature study, 
document study, structured observations, and interviews in order to answer the 
purpose. This approach of triangulation (use of several sources and methods) 
entrenches the trustworthiness of the study (Tolley et al., 2016; Yin, 2016). The 
triangulation enabled comparison between different methods and literatures, also to 
strengthened the empirical data collected from different methods revealing the same 
perception when possible.  
 
The work followed the predetermined work process, thereby conducted the study in a 
structured manner. The collected data was continuously analyzed through the study, 
which is explained in Appendix 1: Work process. Further were the sampling process 
carefully and transparently described, which according to Tolley et al. (2016) increases 
the credibility.  
 
Husqvarna Group was selected as case company to study, due to their intention to 
merge two of their existing AL’s. This turned out to be an appropriated selection, 
because that enabled the researches to examine the AL’s in depth. The information in 
the document study was later observed, which concluded that the Pin Analysis were 
not updated from their recent improvements of the AL’s. Furthermore, did the 
researchers realize after the observations that the work instructions were not followed 
by every operator. The researchers were to examine the work activities in detail and 
created new work instructions that was accurate. This was done to strengthen the 
confirmability of the study.  
 
The literature study was built on several sources that were analyzed thoroughly and 
compared to each other. This literature created a reliable base for the study and this 
approach strengthened the credibility and the confirmability. The researches revealed 
difficulties to collect literature about MMAL that were not oriented against the 
automotive industry, and also literature purely about manual WS. This was time 
consuming and forced the researchers to expand their search area, key words and key 
phrases. Fortunately, were this study conducted during an exchange semester at 
University of South Carolina, which enabled usage of their library as well.  
 
The researchers were involved in each of the 21 observations, for the purpose to gather 
two perspective’s and decrease the objectivity, compared to if only one were present. 
The disadvantage with this approach were the amount of time it took to conduct these 
within the timeframe of this study. Golafshani (2003) explains that the researchers are 
the “instrument” in qualitative research. Thereto were both researches involved in each 
observation. Multiple observations contributed to strengthen the other observations 
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due to reoccurring events which increase the credibility in the empirical data. 
Therefore, can the credibility be viewed as strengthened (Yin, 2016).  
 
This study consisted of two interviews with the purpose of gather the interviewees’ 
perceptions of the WS’s. The interviews contributed with deep insight in the area, 
which the researchers had not been able to gather otherwise. The unstructured nature 
of the questions enabled the interviewees to answer them freely, which contributed to 
extended information that was useful. Because of this could the study be hard to repeat 
since the supplementary questions depended on the interviewees’ answers. The 
researchers considered that the questions should have been given to the interviewee’s 
beforehand and not only the interview topics. Thereto, had probably the answers been 
shorter and more consistent with the topics. The interviews were also audio recorded, 
which according to McGinn (2012) enhances the credibility.  
 
The research was a single-case study in a specific context, resulting in decreased 
transferability. Tomas and Magilvy (2011) explains the importance to describe the 
context of the study, enabling the reader to assess the transferability in their own 
context. The researchers in this study transparent and accurate described the methods 
used, to help the reader to interpret the results and repeat this study. If a multiple-case 
study were to be conducted the transferability of the study had been strengthen, but 
the depth in the study had probably decreased. The fact that the study examined two 
out of five AL’s at the case company indicated that the results could be generalized to 
similar companies with similar AL’s. To increase the transferability to other 
manufactures, the companies should assembly large products on AL’s with mostly 
manual work activities in the developed world. Furthermore, could more interviews 
have been conducted to increase the transferability, but the timeframe made it not 
possible for the researchers.  
 
The exchange semester contributed to difficulties and limitations on the researchers. 
The duration of the study was a limit for the researches, January to May, which affected 
the amount of data collected. Further, the time did not make it possible for the 
researches to be a part of the merge of the two AL’s, which could have helped to confirm 
the contribution of the framework proposed in this study. Furthermore, that the study 
was conducted in a country with new cultural contexts compared to the researchers’ 
home country, added to the complexity of this research. Also, the case company did 
not allow the researchers to ask questions about MMAL, due to the project of merging 
the existing AL’s was a management secret.  

6.4 Conclusions and Recommendations 

As previous stated arguments, this study indicated on the importance to ensure that 
the work activities and material presentation in WS’s involve and balance all three 
perspectives of ergonomics, standardization and non-value-added work. The result of 
the research was the framework that takes these three perspectives into account in the 
design of WS’s work activities and material presentation on a MMAL. Therefore, was 
the purpose “to propose a framework for standardized workstations with focus on 
operators work activities and material presentation on a mixed-model assembly line” 
considered as fulfilled. 
 
This research though hinted on a need of involvement of more areas than the work 
activities and material presentation in creation of standardized WS’s on a MMAL. 
Furthermore, additional perspectives than ergonomics, standardization and non-
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value-added work should be included in a merger. Therefore, do not the researchers 
recommend companies to only use the framework presented in this research in 
creation of WS’s on a MMAL, but instead connect it with additional research.  

6.5 Further Research 

This study was conducted in order to propose a framework for WS’s regarding material 
presentation and work activities in the perspectives of ergonomics, standardization, 
and non-value-added work. Further research could be conducted with involvement of 
more perspectives, which may contribute to a more profound framework. The 
framework was a result of a single-case study, which needs to be validated through 
multiple case studies, to increase the transferability.  
 
This study showed the complexity that can occur in MMAL’s. Further research could 
be about when it is favorably to create MMAL’s, and how much models’ components 
and work activities can distinguish for MMAL to still be an advantageous choice.  
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8 Appendixes 

Appendix 1: Work process 
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Appendix 2: Interview questions 
Work activities/workstation:  

1. What is your opinion about the sequence of work activities? (the order of 
assembly) 

2. What is your opinion of the takt-time? 
3. What is your opinion about standardized work? 
4. What is your opinion about the balance of work activities between the 

workstations? 
5. Do the operators rotate workstations?  
6. Have you notice any work activity that is hard to perform? 
7. Have you noticed work activities that require the operator to have unnatural 

body positions?  
8. What is your opinion about how the workstations are structured? 
9. Do the workstations support the ability for the operators to perform the work 

activities ergonomically and time efficient? 
10. As your line is similar to the MZ/PZ line, what is your perception (mentioned in 

previous questions), do you experience that this is better in the MZ/PZ line? 
And why? 

 
Material presentation: 

1. What is your opinion about the current material presentation, does it support 
the work activities or not? 

2. What is your opinion of the operator’s ability to identify the right material? 
3. What is your experience of the accessibility for the operators to pick the 

materials? 
4. Have you notice any material presentation that requires the operator to have an 

unnatural body positions?  
5. What is the reason why the containers are not used for the, but are freely placed 

on the workbench or the tools in the pockets?  
6. Could you please describe how you experience the interactions between 

material presentation and work activities?  
7. As your line is similar to the MZ/PZ line, what is your perception (mentioned in 

previous questions), do you experience that this is better in the MZ/PZ line? 
And why? 

 
Tools/Equipment: 

1. Do the workstations share tools? 
2. Are there any decided places for the tools to be placed when they are not used 

during work activities? 
3. Our perception from the observation is that the operators sometimes need to 

look an extra time before picking the tools, do you have suggestions of 
improvements to decrease these events? 

4. Do you think that the tools/equipment supports the operator in their 
performance of the work activities? 

5. Would you consider to sub-assembly any other materials? 
6. Have you notice any tools/equipment that requires the operator to have an 

unnatural body positions when using or picking?  
7. Does the tools/equipment support the ability for operators to perform the work 

activities ergonomically, in regards to placement/accessibility/weight/physical 
constraints? 
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8. As your line is similar to the MZ/PZ line, what is your perception (mentioned in 
previous questions), do you experience that this is better in the MZ/PZ line? 
And why? 

 
General questions: 

1. What are your task at the assembly line? 
2. Do you have any comments/ideas about anything in these topics that we have 

not asked about? 
 
PZ specific questions: 

1. Which workstation are responsible for getting the wagon back from the end of 
the line to the transmission line?  

2. What are the additional stations after TA010 and TA011 used for? 
3. Which workstation are responsible of lifting off transaxles and frame from the 

line to the wagon in the very end of the transmission line? 
4. During our observation, we understood it as the right and left control rod at 

TA011 are identical except from the article name. Could it happen that the 
control rods are assembled on the wrong side?  

5. When the transaxle pallets are delivered to the workstation, do you know why 
they are delivered on pallets with 5 layers? 

 
MZ specific questions: 

1. During our observation, we had a problem to understand which work activities 
that belong to which workstation, could you please explain? 

2. We experience that the operators helped each other out, can you please explain 
the reason for this?  

3. What is your viewpoint in the operator’s collaboration? 
4. Do you think there is a possibility that work activities is missed when it is not 

obvious who will do what activity? 
5. We notice during the observations that when a layer of transaxle is finished on 

the pallet, operators move the plastic container manually, Is there any hoist for 
this activity? 

6. Do you know the reason why workstation TA010 don’t use the shelf underneath 
the workbench? 

7. What do you think about the placement of the transaxle pallets?  
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Appendix 3: Observation scheme 

Observation 3 
Material Presentation Workstation: Date 

Replenishment of 
containers 

Part Who? Comments Improvements 
      

  

Placement of 
materials outside the 
container  

Part Comments   Improvements 

        

Reach for material 
(<arm’s length) bend 

Part Amount Comments Improvements 
  

  

  

  

Reach for material 
(<arm’s length) steps 

Part Amount Comments Improvements 
      

  

Shoulder-arm raise 

Part Amount Comments Improvements 
      

  

Searching for material 

Part Amount Comments Improvements 
  

  

  

  

Help on the 
workstation  

Amount Comments   Improvements 

        

Tools and Equipment 

Reach for 
tool/equipment 
(<arm’s length) bend 

Tool/equipment Amount Comments Improvements 
      

  

Reach for 
tool/equipment 
(<arm’s length) steps 

Tool/equipment Amount Comments Improvements 
      

  

Shoulder-arm raise 

Tool/equipment Amount Comments Improvements 
      

  

Other observations 
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