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Abstract:

Purpose: Identifying possible ergonomic risks generated by the implementation of  Lean Manufacturing in
organizations. Shows a need to integrate ergonomics and productivity indicators in process analysis, thus
giving place to the ErgoVSM methodology, which is VSM (Value Stream Mapping) complemented with
ergonomic analysis.

Design/methodology/approach: This  literature  review  aims  to  refer  to  the  methodology  and
instruments used for its application, as well as the benefits obtained and the challenges that arise when
applying it.

Findings: This article presents a review of  26 publications regarding the ErgoVSM methodology. The
ErgoVSM is mainly based on the VSM methodology developed by Rother & Shook that is most applied in
the healthcare sector with ergonomic analysis instruments that focus on the physical and psychosocial
factors of  the workers. 

Originality/value: The review revealed that when using ErgoVSM, processes can be improved from the
ergonomic perspective without negatively affecting productivity. Even though ErgoVSM requires more
time for application compared to VSM, the value of  the ergonomic data for decision making in process
changes justifies the extra time.
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1. Introduction

In the last decades, manufacturing has been a constant game of  doing more with less, and one of  the key strategies
that have changed the way Lean Manufacturing is produced is to demonstrate that it leads the companies that apply
it to reach high production efficiency levels (Pampanelli, Found & Bernardes, 2014). 

-552-

http://www.jiem.org/
https://doi.org/10.3926/jiem.3507
https://doi.org/10.3926/jiem.3507
mailto:samantha.cruz@uabc.edu.mx
mailto:cnavarro51@uabc.edu.mx
mailto:mildrend.montoya@uabc.edu.mx
mailto:ismael.mendoza@uabc.edu.mx
mailto:dominguez.denisse@uabc.edu.mx
http://www.omniascience.com/
https://orcid.org/0000-0002-8222-5363
https://orcid.org/0000-0002-0810-2090
https://orcid.org/0000-0001-5575-8060
https://orcid.org/0000-0003-3873-3800
https://orcid.org/0000-0001-8224-0101
https://orcid.org/0000-0001-8928-6882


Journal of  Industrial Engineering and Management – https://doi.org/10.3926/jiem.3507

The history of  Lean Manufacturing begins in Japan after World War II as a survival technique that pushed the
automobile company Toyota to focus on low-cost production (Khani, Salehi & Sajad, 2018). The publication of  the
book  “The  Machine  that  Changed  the World”  (Womack,  Jones  &  Ross,  1990)  drove  the  growth  of  Lean
Manufacturing and its acceptance as a highly beneficial practice for companies from different industries  (Abu,
Gholami, Mat-Saman, Zakuan & Streimikiene, 2019). As time went by, Lean Manufacturing has demonstrated that
it can adapt to the changing needs of  organizations, which is why it continues to be used (Hernandez-Matias &
Vizan-Idoipe, 2013).

There are several application tools within Lean Manufacturing. VSM or Value Stream Mapping stands out among
them because it is considered a key element to initiate implementation of  the methodology (Madariaga-Neto, 2018).
Rother & Shook define VSM as all  the actions (both value-added and non-value added) currently required to
produce a product (Rother & Shook, 2009). VSM shows the material flows in the company’s processes through a
graphic model that illustrates all the productive activities to identify the value chain and detect where the most waste
is produced in the process (Hernandez-Matias & Vizan-Idoipe, 2013).

Lean Manufacturing and its application tools aim to reduce or eliminate activities that do not add value (Villaseñor
& Galindo,  2007).  Addressing  the  activities  identified  as  waste  or  non-value-added  improves  productivity  in
companies  (Leong,  Lam,  Ng,  Lim, Tan & Ponnambalam, 2019).  Lean Manufacturing identifies  the  following
activities as waste: overproduction, waiting, transportation, overprocessing, inventories, defects, and unnecessary
motion (Santos, Vieira & Balbinotti, 2015). The waste of  human talent has been added recently (Wahab, Mukhtar &
Sulaiman, 2013). 

The goal  of  Lean Manufacturing does not  consider the impact of  the changes in processes on the  workers
(Dombrowski,  Reimer  &  Wullbrandt,  2018). Some  studies  demonstrate  that  rigorous  application  of  Lean
Manufacturing can be associated with an increase in musculoskeletal disorders (MSD) as well as work stress (Botti,
Mora  & Regattieri,  2017;  Dombrowski  et  al.,  2018;  Koukoulaki,  2014).  MSD increase  is  related to repetitive
activities or critical postures for the workers that result from applying productive improvements to the processes
(Botti et al., 2017). Eliminating inefficient worker motions that are considered not to add value to the product may
generate ergonomic risk factors since sometimes these activities represent physical and mental recovery periods for
the workers. (André, Heldal & Edwards, 2015; Dombrowski et al., 2018; Koukoulaki, 2014).

By identifying a lack of  consideration of  ergonomic risks in the rigorous implementation of  Lean Manufacturing,
as well as the consequences, it could have for the worker (Edwards, Winkel, Laine, Sinervo, Sjovold, Bragadottir et
al.,  2012), the integration of  Lean Manufacturing Ergonomics has been pushed in order to apply the analysis
methods that allow identifying ergonomic risks at work (Dombrowski et al., 2018).

The  International  Ergonomics  Association  defines  ergonomics  as  the  scientific  discipline  concerned  with
understanding interactions among humans and other elements of  a system and the profession that applies theory,
principles, data, and design methods to optimize human well-being and overall system performance (Thatcher &
Yeow, 2018). Ergonomics is divided into three fields of  specialization (IEA, 2019): Cognitive, which is concerned
with mental processes, focusing on mental workload and work stress; organizational, whose relevant topics are the
optimization of  sociotechnical systems, their structures, policies, and processes; and physical, which is related to the
physical characteristics of  human beings and the activities they perform. 

Making ergonomic improvements once the process has been designed from a productivity point of  view has
demonstrated that it does not solve problems at the root since the processes are not designed in full but only
focusing on specific activities (Edwards, 2014). The concept of  VSM with ergonomic analysis (ErgoVSM) arises as
part  of  an  effort  to  highlight  the  importance  of  including  Ergonomics  in  Lean  Manufacturing  (Jarebrant,
Birgisdóttir, Dudas, Edwards, Gunnarsdóttir, Harlin et al., 2014). ErgoVSM seeks to raise awareness of  ergonomics
among the  people  who design  the  processes,  who rarely  understand the  ergonomic impact  on workers,  and
encourages the integral use of  Ergonomics and productivity when planning production  (Mathiassen,  Jarebrant,
Birgitta & Winkel, 2004). 
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The purpose of  this work is to analyze the recent literature on the application of  ErgoVSM technology using a
descriptive review to demonstrate its notable benefits, the challenges that come up in its application, and the main
tools used for ergonomic analysis, and the methodology used for its implementation. 

2. Method 
2.1 Search Process and Inclusion and Exclusion Criterion.

A literature review was conducted between May and June of  2020 to identify the works related to the concept or
application of  the VSM methodology, including ergonomic analysis. The keywords defined for this research are:
Ergonomics, Ergonomic, VSM, and Value Stream Mapping. The word Green, which refers to reducing negative
environmental impacts and ecologic efficiency improvement, was used as an exclusion criterion.  (Zhan,  Tan, Ji,
Chung & Chiu, 2018). In the last years, the Lean-Green union has become more relevant worldwide because it
seeks both operational and environmental efficiency in the processes (Abreu, Alves & Moreira, 2017). The union
of  Lean Manufacturing tools and the environmental approach is not within our study area; thus, it was defined as
an exclusion criterion. 

Search keywords and the exclusion criterion are combined using the Boolean operators “OR”, “AND”, “NOT”, as
well  as  the  use  of  parentheses  to  define  the  search.  They  were  combined  as  follows:  (“Ergonomic”  OR
“Ergonomics”)  AND  (“VSM”  OR  “Value  Stream  Mapping”)  NOT  (“Green”).  The  language  was  another
exclusion criterion; only articles written in English and Spanish were considered.

In the first stage, the search was conducted using the databases Science Direct, Springer, and Google Scholar (see
Figure 1). The title and abstract of  each publication were checked as a first filter, and then the full text was analyzed
to select the publications to be included. As the last step to complete the search, it was decided to review the
references included in the chosen articles to have a full review of  the publications.

Figure 1. Flow chart of  the research method

2.2. Descriptive Information 

Twenty-six products related to ErgoVSM were selected (See Table 1). Eighteen of  these products are case studies in
which the methodology is applied mainly in the healthcare sector. In contrast, the rest of  the studies approach
ErgoVSM  at  a  conceptual  level,  describing  the  methodology,  suggesting  its  application,  or  describing  the
advantages of  uniting Ergonomics with the production approach.
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3. Development and discussion
3.1. Concept and Goal of  ErgoVSM 

In the literature, the concept of  ErgoVSM has not varied significantly since it was defined for the first time in by
Mathiassen et al. (2004) as a complement of  VSM methodology to highlight ergonomic indicators in production
systems.  ErgoVSM  originates  after  identifying  that  both  VSM  and  Lean  Manufacturing  lack  ergonomic
considerations in their analyses and only consider indicators that are focused on productivity. This deficiency can
result in the intensification of  work, which increases the ergonomic risks that lead to worker disability  leaves
(Edwards, Dudas, Hanse, Harlin, Hegstad, Holte et al., 2009).

Article Type of  Publication Application

Mathiassen et al. (2004) Conference Proceeding Conceptual

Neumann and Winkel (2005) Journal Article Conceptual

Jarebrant, Dudas, Harlin, Hanse and Winkel (2009) Conference Proceeding Conceptual

Edwards et al. (2009) Conference Proceeding Conceptual

Jarebrant, Dudas, Harlin, Hanse and Winkel (2010) Conference Proceeding Conceptual

Winkel, Birgisdóttir, Dudas, Edwards, Gunnarsdóttir, 
Harlin et al. (2012)

Conference Proceeding Conceptual

Edwards and Winkel (2013) Conference Proceeding Hospital

Gunnarsdóttir and Birgisdóttir (2013) Conference Proceeding Hospital

Winkel, Dudas, Harlin, Jarebrant and Hanse (2013) Conference Proceeding Hospital

Aqlan, Lam, Testani and Ramakrishnan (2013) Conference Proceeding Electronics Industry

Edwards (2014) Conference Proceeding Hospital

Jarebrant et al. (2014) Conference Proceeding Hospital

Winkel, Edwards, Birgisdóttir and Gunnarsdóttir (2015) Journal Article Conceptual

Winkel, Edwards, Birgisdóttir, Jarebrant, Hanse, 
Gunnarsdóttir et al. (2015) Conference Proceeding Hospital

Edwards and Winkel (2016a) Conference Proceeding Hospital

Jarebrant, Hanse, Harlin, Ulin, Winkel, Edwards et al.(2016) Book Conceptual

Hasle, Starheim, Jensen and Diekmann (2016) Conference Proceeding Hospital

Edwards and Winkel (2016b) Conference Proceeding Hospital

Jarebrant, Winkel, Hanse, Mathiassen and Birgitta (2016) Journal Article Automotive Industry

Edwards (2017) Conference Proceeding Conceptual

Suryoputro, Sari, Burhanudin & Sugarindra (2017) Conference Proceeding Musical Instrument Industry

Kim (2017) Journal Article Conceptual

Arce, Romero-Dessens and Leon-Duarte (2018) Conference Proceeding Electronics Industry

Pereiro da Silva and Goncalves-Amaral (2019) Conference Proceeding Hospital

López-Acosta, García-Vilches, Velarde-Cantú and Chacara-
Montes (2019)

Journal Article Food Industry

Sakthi, Jeyapaul, Vimal and Mathiyazhagan (2019) Journal Article Textile Industry

Table 1. List of  articles that applied ErgoVSM, as well as their conceptual description
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Ergo VSM focuses on the VSM participatory tool  (Winkel,  Edwards,  Birgisdóttir,  & Gunnarsdóttir,  2015) by
encouraging the inclusion of  people from all work groups and seeking the active cooperation of  the staff  to
identify areas of  opportunity and improvement ideas that should be deployed around the organization (Jarebrant,
Hanse et al., 2016).

Regarding the terms utilized to refer to this tool, ErgoVSM predominates in 19 of  these products, as the concept
introduced by Mathiassen et al. (2004). The concept ERGONOVA is used by Jarebrant et al. (2009) and Edwards et
al. (2009), and in subsequent studies, it is standardized with the name ErgoVSM. The rest of  the works utilize very
similar concepts, such as Ergonomic Value Stream Map  (Aqlan et al.,  2013), VSM with ergonomic evaluation
(López-Acosta et al., 2019), and the singular name P-lean, named as such because it uses lean tools (VSM) that
focus on improving the psychosocial factors of  the work environment  (Hasle, Starheim, Jensen, Diekmann &
Jensen, 2016).

The goal of  ErgoVSM is to complement the analysis carried out with VSM by adding evaluations of  the ergonomic
consequences that arise in workers due to the current production flow (Mathiassen et al., 2004). This integration of
Lean Manufacturing and Ergonomics  seeks  to develop sustainable  flows in  the process  (Edwards & Winkel,
2016b). ErgoVSM allows focusing on achieving greater efficiency, improving the work environment, and reach a
sustainable  work-life  (Neumann  &  Winkel,  2005).  The  methodology  contributes  to  evaluating  and  drawing
attention to the ergonomic risks that can happen when processes are improved (Jarebrant, Winkel et al., 2016), as
well as to facilitate the participation of  the workers in the evaluation of  the current and future state of  the process
(Jarebrant et al., 2009).

3.2. ErgoVSM Methodology 

The Rother & Shook methodology (see Figure 2) is the most used for applying VSM in organizations (Faulkner &
Badurdeen, 2014). Therefore Jarebrant, Hansen et al. (2016), Jarebrant, Winkel et al. (2016), Suryoputro et al. (2017)
and López-Acosta et al. (2019) work based on these four main steps to apply ErgoVSM: preparation; map current
state; define future state; and design and execute the action plan. Below is a description of  each of  these stages.

Figure 2. Workflow of  the ErgoVSM Methodology Stages

Preparation: It is the essential part of  the process because it ensures a successful outcome. It is where the focus of
the project is determined (Suryoputro et al., 2017). This stage requires the commitment of  the organization at all
levels to carry out the project and select the flow to be mapped, as well as integrate the multidisciplinary work team
(Jarebrant, Hanse et al., 2016). 
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Current state mapping: This stage is where operations are analyzed using VSM to know the current situation of
the processes, including the ergonomic tools selected (López-Acosta et al., 2019). The estimated time that activities
take must be identified, the ergonomic evaluation must be carried out, data must be gathered, areas of  opportunity
must be identified, and improvement ideas must be developed (Jarebrant, Winkel et al., 2016).

Future state definition: Based on the issues identified in the current state, solutions that integrate Ergonomics
must be created in the future state. In case this does not happen, improvement ideas must continue (Jarebrant,
Hanse et al., 2016). It is vital to integrate the ergonomic improvement ideas in future VSM, as well as consider the
economic risks that can arise due to changes (López-Acosta et al., 2019). Rother & Shook emphasize that, once the
current state begins to be mapped, future state ideas will emerge; this is why the arrows go both ways (see Figure 1).
Sometimes the distinction between one step and the other will become so blurred that they may begin to happen
simultaneously (Rother & Shook, 2009). 

Design and execution of  improvement plan: It is necessary to establish an implementation schedule for each
action (Jarebrant, Winkel et al., 2016), to achieve the desired future state. When making changes to the process,
activities in the workstations must be evaluated to verify the changes and how they affect workers (López-Acosta et
al., 2019).

Lean Manufacturing and its application tools continuously look for new ways to carry out tasks in more agile,
flexible,  and  economical  ways  (Hernandez-Matias  &  Vizan-Idoipe,  2013).  In  VSM,  to  achieve  this  desired
continuous improvement, it is important that when the future state becomes a reality (current state), the future state
stream map is drawn again in order to start the value chain improvements anew (Rother & Shook, 2009). 

Sakthi  et  al.  (2019)  propose  the  following  implementation  stages:  a)  Preparation,  b)  Current  state  mapping,
c) Definition of  the improvement plan, d) Execution of  final plan, e) Evaluation of  the results obtained after
implementation of  the improvement plan, f) Identification of  learnings and g) Continue with the continuous
improvement cycle.

Both present methodologies similarities in the first two steps, coinciding in the importance of  preparing the project
and selecting key indicators and team members. After building the current state, Rother and Shook (2009) indicate
that an analysis of  the information gathered must be carried out to define the desired future state before making
changes to the processes, while Sakthi et al. (2019) opted for defining the improvement plan after building the
current state of  the process based on the data obtained and the areas of  opportunity identified while mapping the
current state.

This change by Sakthi et al. (2019) that consists of  not defining the future state stands out against the importance
that Rother & Shook (2009) give to defining the desired future state by considering it the guideline that helps define
improvement actions that will help us get closer to what the value flow should be. Jarebrant, Hanse et al. (2016)
emphasize the importance of  evaluating the future state before implementing the changes to know if  the desired
indicator improvements will be achieved and present the future state mapping to all the workers to help generate
more improvement ideas and ensure the staff's participation in the action plan.

3.3. Distribution by Country, Year, and Type 

The countries that make up the Nordic council stand out notably for their contributions with 19 products between
Denmark, Iceland, and Sweden (see Figure 3). Additional to the countries mentioned above, this council is made up
of  Finland, Norway, the Faroe Islands, Greenland, and Åland, and their goal is to make this region the most
sustainable  and  integrated  of  the  planet  (The  Nordic  Council  and  the  Nordic  Council  of  Ministers,  2018).
ErgoVSM is identified as a recently discovered tool outside of  the Nordic council, and it started to be used in 2013
in countries such as Brazil (Pereiro da Silva & Goncalves-Amaral, 2019), United States (Aqlan et al., 2013), United
Arab Emirates (Kim, 2017), Indonesia (Suryoputro et al., 2017), India (Sakthi et al., 2019) and Mexico (Arce et al.,
2018; López-Acosta et al., 2019). 

Even though Ergonomics  has worked along with other sciences such as engineering or medicine  since 1970
(Obregon-Sanchez, 2016), and the VSM methodology became popular in 1998 in the western countries (Madariaga-
Neto, 2018), most of  the publications about ErgoVSM are more recent, from 2010 to 2019 (see Figure 4), so the
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methodology can be considered new. The works conducted in this area have been mainly presented at conferences,
less often published in research journals, and there is only one book on the ErgoVSM methodology (Figure 4).

Figure 3. Distribution of  products by country

Figure 4. Distribution of  products by year and type of  publication

3.4. Ergonomic Instruments Applied

The  instruments  used  for  the  ergonomic  risk  analysis  module  can  be  divided  into  those  developed  by  the
researchers themselves for the study and those that used instruments that are recognized and validated by the
industry (See Table 2). The physical and psychosocial risk analysis set is the one with the most products compared
to the separate studies of  physical, psychosocial, or cognitive risks.
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Physical  risk  factors  are  those  related  to  repetitive  tasks,  load  weight,  and  posture  (Otto  &  Battaïa,  2017).
Psychosocial factors refer to the work conditions relating to work organization and work environment (Fernandes,
Figueiredo, Ribeiro, Neves & Vicente, 2020). Cognitive risk factors focus on the mental load of  the work, mainly
stress (Kim, 2016).

Risk factors, both physical and psychosocial, have become an object of  study for the application of  ErgoVSM
within the Nordic council due to physical and mental burnout issues detected in healthcare workers (Edwards et al.,
2009). These studies (Edwards, 2014; Edwards & Winkel, 2013; Jarebrant, Winkel et al., 2016; Winkel, Edwards,
Birgisdóttir, Jarebrant et al., 2015) were led mainly by ergonomists who worked on the analysis instrument applied
for more than ten years at different hospitals to improve it according to their observations. Said instrument was
presented in the 2016 book Ergonomic Value Stream Mapping (Ergo VSM), Tool and User Guide (Jarebrant,
Hanse et al., 2016).

The analysis of  ergonomic factors in the industrial sector mainly used already known instruments that focus on
identifying risk loads or postures for workers (Aqlan et al., 2013; López-Acosta et al., 2019; Suryoputro et al., 2017).
Aqlan et  al.  (2013) stand out to develop a comfort survey for workers that  touches on posture,  load,  noise,
temperature, vibration, and lighting. Arce et al. (2018) focused on analyzing mental workload factors in the industry,
and Hasle,  Starheim, Jensen and Diekmann (2016) identified communication problems in the organization that
reflected psychosocial factors. 

Instrument used Physical Psychosocial Cognitive Physical and Psychosocial

Previously 
validated

López-Acosta et al. 
(2019)
Aqlan et al. (2013)
Suryoputro et al. (2017)

None Arce et al. (2018) Pereiro da Silva and 
Goncalves-Amaral (2019)

Developed by the 
authors

Aqlan et al. (2013)

Hasle, 
Starheim, 
Jensen and 
Diekmann 
(2016)

None

Edwards and Winkel (2013)
Gunnarsdóttir and Birgisdóttir (2013)
Winkel et al. (2013)
Edwards (2014)
Jarebrant et al. (2014)
Winkel, Edwards, Birgisdóttir, 
Jarebrant et al. (2015)
Edwards and Winkel (2016a)
Jarebrant, Winkel et al. (2016)
Edwards and Winkel (2016b)
Edwards (2017)
Sakthi et al. (2019)

Table 2. Types of  instruments applied, and ergonomic factors analyzed in ErgoVSM

3.4.1. Application in Hospitals

ErgoVSM application studies have been carried out mainly in the healthcare sector, focusing on hospitals. The
applications were in Nordic countries, except for the Pereiro de Silva & Goncalves-Amaral (2019) research carried
out in Brazil. They implemented the method indicated in the book “Ergonomic Value Stream Mapping (Ergo
VSM), Tool and User Guide” (Jarebrant, Hanse et al., 2016) and reached the identification of  areas of  opportunity
phase (Pereiro da Silva & Goncalves-Amaral, 2019). 

The application of  Lean Manufacturing tools in the healthcare sector, known as Lean Healthcare, begun in 2001 by
helping to eliminate unnecessary processes or duplicates that extended patient stays (Radnor,  Holweg & Waring,
2012). Lean Healthcare demonstrated to have positive impacts when focusing on the services that patients receive
(Spagnol, Min & Newbold, 2013).

The application of  Lean Healthcare in the Nordic healthcare system gained strength after creating the NOVO
Network in 2006  (Winkel, 2009). The goal of  the NOVO Network is to create sustainable healthcare systems
(NOVO, 2020). By identifying the possible ergonomic physical and psychosocial risks to which healthcare workers
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are exposed,  they proposed implementing an ErgoVSM  (Jarebrant et  al.,  2009;  Winkel,  Edwards,  Birgisdóttir,
Jarebrant et al., 2015).

The first applications of  ErgoVSM in Nordic hospitals happened in 2013 (Edwards & Winkel, 2013; Gunnarsdóttir
& Birgisdóttir,  2013; Winkel et al.,  2013). The study aims to compare the results obtained between VSM and
ErgoVSM (see Table 3).  Two independent teams participated in the studies, one for VSM and the other for
ErgoVSM. A more significant number of  improvement ideas, as well as a lower negative ergonomic impact was
identified in the ErgoVSM room proposals. 

Winkel, Edwards, Birgisdóttir, Jarebrant et al. (2015) conducted a study with a greater number of  hospital rooms to
compare ErgoVSM against VSM (see Table 3), following the same principle of  the previous studies, 50% of  the
rooms applied VSM, and the rest applied ErgoVSM. One result that stands out is that the rooms with ErgoVSM
work teams participated on average  8% more than the  VSM teams.  It  was  also found that  ErgoVSM room
participation offered a 96% positive ergonomic impact on the worker compared to 84% in VSM rooms.

Article Country Application VSM Result ErgoVSM Result

Edwards and 
Winkel (2013)

Denmark 2 hospital wards • 18 improvement ideas.
• No ideas with negative 

ergonomic impact were 
identified.

• 25 improvement ideas.
• 1 idea with possible negative 

ergonomic impact was 
identified.

Gunnarsdóttir 
and 
Birgisdóttir 
(2013)

Iceland 2 hospital wards • Pending to define future state and action plan.

Winkel et al. 
(2013)

Sweden 2 hospital wards • 22 improvement ideas.
• 5 of  the ideas were 

considered to possibly have 
negative ergonomic impact.

• 37 improvement ideas
• No ideas with negative 

ergonomic impact were 
identified.

Winkel, 
Edwards, 
Birgisdóttir, 
Jarebrant et al. 
(2015)

Denmark, 
Iceland, and 
Sweden

14 hospital 
wards: Denmark 
(6), Iceland (2), 
and Sweden (6).

• 84% positive ergonomic 
impact or without affecting.

• 95% of  proposals increased 
efficiency.

• 2 rooms did not complete the
study.

• 96% positive ergonomic impact 
or without affecting.

• 88% of  the ideas would 
improve efficiency in the rooms.

• 8% more participation in 
improvement ideas.

Table 3. Comparative of  VSM against ErgoVSM in hospital ward

3.4.2. Application in the Industrial Sector

The application of  ErgoVSM in the industrial sector consists of  six analyzed products. The industries included
with one case each are: textiles, food, automotive, manufacturing of  musical instruments. The electronics industry
has two case studies, this is the highest application recurrence.

The ergonomic module in the industrial sector has focused on identifying physical risk factors related to worker
posture and load (See Table 4), mainly using recognized tools that have been previously applied in the industrial
sector (Aqlan et al., 2013; López-Acosta et al., 2019; Suryoputro et al., 2017). The psychosocial and physical factors
of  the workers were analyzed to a lesser degree (Jarebrant, Winkel et al., 2016; Sakthi et al., 2019), and only one of
the products evaluated the cognitive factors related to mental load (Arce et al., 2018). 

One of  the most-used methods in the ergonomic risk analysis literature is REBA (Boulila, Ayadi & Mrabet, 2018),
which focuses on evaluating the position of  the body of  the person carrying out the task (Enez & Nalbantoğlu,
2019). Suryoputro et al. (2017) applied the method and included the scores obtained in each ErgoVSM process.
López-Acosta et al. (2019) used REBA and complemented it with physical analysis methods such as Brief, NIOSH,
and MAC.
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The use of  information technology programs for ergonomic risk analysis is present in the studies by López-Acosta
et al. (2019) with the Ergo/IBV software, which allows evaluating repetitive movement risks, while Aqlan et al.
(2013) used the Jack software to model the ergonomic risks proposed for the processes. 

Author Industry Ergonomic Analysis Method used 

Suryoputro et al. (2017)
Musical 
Instruments Physical

• Job Safety Analysis 
• 10 Beats
• REBA

Aqlan et al. (2013) Electronics Physical
• OWAS
• Jack Software 
• Developed by the authors

López-Acosta et al. (2019) Food Physical

• Brief  Method
• REBA
• NIOSH Method
• MAC Method
• ERGO/IBV Software

Arce et al. (2018) Electronics Cognitive • NASA-TLX 

Jarebrant, Winkel et al. (2016) Automotive Physical and Psychosocial − Developed by the authors

Sakthi et al. (2019) Textile Physical and Psychosocial − Developed by the authors

Table 4. Articles that include ergonomic analyses and the methods used

A study  that  provides  a  precedent  of  ErgoVSM and the  application  of  Lean Manufacturing  tools  with  an
ergonomic approach is the one carried out by  Aqlan et al. (2013). However, even though the application of  an
ergonomic  value  stream  map  is  mentioned,  the  information  shown  does  not  entirely  coincide  with  the
characteristics of  VSM. The mapping shown is more similar to the characteristics of  a flow chart. It is important to
remember that the goal of  VSM is to show all the actions that are carried out to produce a product, not only the
individual processes (Rother & Shook, 2009), while the flow chart helps us represent the order of  operations in a
given process (Cuatrecasas, 2010).

The  methodology  applied  mainly  in  the  Nordic  healthcare  sector  was  adapted  to  the  automotive  sector  by
Jarebrant, Winkel et al. (2016), comparing the results after forming three independent work teams, one of  them
applying the VSM methodology and two of  them und ergoVSM. The results obtained show that both VSM and
ErgoVSM can achieve similar production performance results, but only ErgoVSM teams included improvements
regarding work conditions (Jarebrant, Winkel et al., 2016).

Sakthi et al. (2019) developed a physical and psychosocial analysis instrument and applied it in the textile sector in
collaboration with Lean Manufacturing and Ergonomics experts. The instrument was validated by applying it to a
sample and carrying out a reliability test. Sakthi et al. identify a lack of  indicators focused on the security and
hygiene of  the workers who also contribute to the performance of  activities as a limitation of  the instrument. 

3.5. Lean Manufacturing Tools Used 

Lean manufacturing has different tools to achieve continuous improvement, which can be applied independently or
together, depending on the needs detected in the organization of  the study  (Hernandez-Matias & Vizan-Idoipe,
2013). The application of  ErgoVSM in the industrial sector has been implemented in 80% of  the cases using Lean
Manufacturing tools (see Table 5),  while the healthcare sector does not indicate the use of  more continuous
improvement tools. 
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Author Industry Lean Tool 

Aqlan et al. (2013) Electronics • SIPOC (Analysis) 
• Cause and effect diagram (Analysis) 

López-Acosta et al. (2019) Food

• Kanban (Application) 
• Kaizen (Application) 
• Poka-yoke (Application) 
• SIPOC (Analysis) 

Arce et al. (2018) Electronics
• Kaizen (Application) 
• Gemba Walk (Analysis) 
• 3P (Application) 

Sakthi et al. (2019) Textile • Gemba Walk (Analysis) 

Suryoputro et al. (2017) Musical Instruments • Considers ergonomic risk factors as the ninth waste. 

Table 5. Lean Manufacturing tools used in ErgoVSM

The tools that were used the most were the SIPOC diagram (Aqlan et al., 2013; López-Acosta et al., 2019), and
Gemba Walk (Arce et al., 2018; Sakthi et al., 2019), which were used to complement ErgoVSM in the current state
mapping stage, which helps to know the processes and identify production problems. Kaizen was mainly used in
the step corresponding to designing and executing the improvement plan (Arce et al., 2018; López-Acosta et al.,
2019).

The SIPOC tool is a process diagram that identifies suppliers, inputs, process, outputs, and customers (Gutiérrez &
de la Vara, 2013). The application of  SIPOC allowed López-Acosta et al. (2019) and Aqlan et al. (2013) to know
the manufacturing process and identify and analyze the ergonomic risks of  the activities performed.

Gemba Walk refers to seeing the actual process or the production area in this case (Flumerfelt & Wenson, 2019).
Sakthi et al. (2019) used it as the first step to collect data, observe the process, and interview the production
workers.  Arce  et  al.  (2018)  applied  Gemba  Walk  to  identify  areas  for  improvement  in  the  processes.  These
applications highlight the importance that  Imai (2012) gives to being present in the workplace and then apply
continuous improvement. 

The most used tool to design and execute the improvement plan is Kaizen, a Japanese word that has been generally
translated as a continuous improvement (Imai, 2001). The application by López-Acosta et al. (2019) and Arce et al.
(2018) focused on creating Kaizen team works to solve areas of  opportunity in the process. Previous applications
of  Lean Manufacturing tools in ErgoVSM demonstrate the adaptation of  this production system to achieve better
situations that focus either on productivity or ergonomic risks.

An  approach  that  goes  beyond  complementing  Lean  Manufacturing  tools  with  Ergonomics  is  that  of
Suryoputro et al. (2017) considers ergonomic risks as another type of  waste within lean manufacturing, so these
risk factors must be reduced or eliminated just like all traditional waste in the methodology. Including a new
waste approach is a topic also developed by Dombrowski et al.  (2018) and Dombrowski, Reimer and Stefanak
(2019), by considering that avoiding waste from the customer point of  view is not enough, that worker health
must be included in the goals, and that due to musculoskeletal disorder increase, an inclusive and sustainable
work design is required.

3.6. Benefits of  ErgoVSM application

Among the benefits of  applying ErgoVSM that were identified, one that stands out is the union it achieves between
improvement activities by considering the ergonomic conditions of  the workers and the key productivity indicators,
thus obtaining ergonomic improvements that do not affect operational performance and successfully encourage
process  improvement (Jarebrant,  Winkel  et  al.,  2016).  The adaptation of  ErgoVSM has  demonstrated that it
reduces the negative effects that the application of  Lean Manufacturing can have on the quality of  life of  the
workers (Sakthi et al., 2019). 
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Analyzing the ergonomic risks before implementing an improvement plan avoids the intensification of  activities
and encourages discussion and the contribution of  ideas by the staff  (Jarebrant, Hanse et al., 2016). The union of
Ergonomics and VSM offers the possibility of  improving communication and coordination issues, thus ensuring
the participation of  the workers in implementation (Hasle, Starheim, Jensen, & Diekmann, 2016). Applying the
ErgoVSM methodology facilitates the analysis of  ergonomic issues in the processes (Edwards & Winkel, 2016b)
and identifies the intensification of  work after an improvement (Westgaard & Winkel, 2011). 

Using ErgoVSM helps us achieve sustainable systems (Jarebrant et al., 2010; Jarebrant, Winkel et al., 2016). In the
Nordic health sector, sustainability has been defined as achieving efficiency in patient care, improving the work
environment  in healthcare organizations,  and complying with patient care quality  standards  (Sinervo,  Laine &
Pekkarinen, 2013). 

3.7. Challenges

Most of  the challenges found for the implementation of  ErgoVSM in an organization stem from the application
of  traditional VSM. This is evident because ErgoVSM is a tool that complements VSM. It should be emphasized
that there must be a commitment and responsibility of  the management, as well as constant effort and a strong
conviction to be able to adapt the methodology to the selected process (Rother & Shook, 2009).

Lack of  communication and coordination in the tasks to be completed by different groups or departments result in
the work team losing the focus to solve problems or considering that the situation cannot be changed  (Hasle,
Starheim, Jensen, & Diekmann, 2016). Implementing a multidisciplinary team is recommended to allow achieving
an analysis based on the knowledge of  the activities carried out by all the teams (Jarebrant, Hanse et al., 2016). On
the other hand, work teams must have responsibility, participation, and focused leadership in order to be able to
achieve the appropriate changes; if  this  is  not present, the possibilities  of  successfully  implementing the tool
decrease (Jarebrant, Hanse et al., 2016).

When comparing the challenges between the application of  ErgoVSM and VSM, it is evident that the current state
of  the process stage takes more time when applying ErgoVSM compared to traditional VSM (Jarebrant, Winkel et
al., 2016), since ergonomic data gathering requires more time and analysis. Despite this, the value of  these data for
decision-making by the management justifies the extra time (Sakthi et al., 2019).

4. Discussion
ErgoVSM  originates  from  the  need  to  have  tools  that  increase  ergonomic  conscience  and  consider  both
Ergonomics and productivity in process planning  (Mathiassen et al., 2004). ErgoVSM studies are regarded as a
novel because the publications found were from 2004 to 2019, and the number of  publications was reduced
compared to Lean Manufacturing and environmental (Lean-Green) studies, which have become popular in recent
years  (Farias,  Santos, Gohr., Oliveira & Amorim, 2019; Siegel,  Antony, Garza-Reyes, Cherrafi & Lameijer, 2019;
Zhan et al., 2018). 

Even though Lean Manufacturing was born in  the industrial  sector  (Fercoq,  Lamouri  & Carbone,  2016),  the
application of  ErgoVSM has happened mainly in the healthcare sectors of  Nordic countries. It is related to the
push that the NOVO Network has given to creating sustainable healthcare systems in the region (NOVO, 2020).
Sustainable is defined as achieving efficiency in medical care, improving the work environment, and complying with
patient care standards (Sinervo et al., 2013). 

In countries such as Mexico, India, and Indonesia, which are considered countries with emerging economies (Wu,
Chen, Chen & Jeon, 2020), ErgoVSM applications focused on the manufacturing industry, which coincides with the
characteristics of  this type of  economies that seeks economic growth by focusing on industrialization (Onyiriuba,
2016). On the other hand, economies regarded as developed, such as Sweden and Denmark  (Li & Lin, 2019),
focused on improving the conditions of  the healthcare sector, which coincides with the peculiarities of  developed
countries that focus on improving the quality of  life of  their inhabitants (Onyiriuba, 2016).

In  the  healthcare  sector,  ErgoVSM  applications  have  focused  mainly  on  considering  both  the  physical  and
psychosocial factors by applying instruments developed by the authors themselves, while the industrial sector has
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focused on analyzing the physical factors using tools that are already known in the industry. Since it has been
identified that the negative effects of  the application of  Lean Manufacturing can appear in both physical and
mental factors  (Koukoulaki, 2014; Pereiro da Silva,  Tortorella & Goncalves-Amaral, 2016; Westgaard & Winkel,
2011), it is considered necessary to include instruments that help ergonomic, physical, and psychosocial analysis.

It was identified that ErgoVSM requires more build time than VSM due to the amount of  extra data needed (Sakthi
et al., 2019). Rother & Shook  (Rother & Shook, 2009) estimate that building the current and future VSM for a
family of  products should conclude after  two days of  work,  to then start  to  execute the improvement  plan.
Jarebrant,  Winkel  et  al.  (2016) compared ErgoVSM against  VSM regarding the time required to build  them,
demonstrating that VSM took 18 hours of  work against 24 hours required by ErgoVSM for the same production
process.  Even  though  ErgoVSM  required  more  time,  Sakthi  et  al.  (2019) proved  that  the  results  of  the
methodology justify the additional time invested. Jarebrant, Winkel et al. (2016) concluded that the extra hours
invested in ErgoVSM are reasonable because they yield positive results by improving the ergonomic conditions of
the workers without negatively affecting productivity.

The inclusion of  a greater amount of  Lean Manufacturing tools in ErgoVSM happened mainly in industrial sector
applications, while the healthcare sector focused on developing and improving ErgoVSM. Among the main Lean
Manufacturing tools that were not used are 5S, which is considered key in implementing Lean Manufacturing and
work environment improvement for being a tool that focuses on order, cleanliness, and discipline  (Villaseñor &
Galindo, 2007). Bhattacharya et al.  (Bhattacharya,  Nand & Castka, 2019) indicate that the application of  5S can
improve the security and hygiene conditions of  the workers.

5. Conclusion 
The ErgoVSM methodology has been demonstrated to be an essential technique to improve the productive and
ergonomic conditions of  the processes, allowing to identify the areas of  opportunity in industrial or healthcare
processes. The extra time required for the construction of  an ErgoVSM should be considered as an investment that
will allow to improve the processes in an integral way. 

Most  of  the  studies  analyzed to  consider  the  physical  and  psychosocial  factors  of  the  workers.  An area  of
opportunity that was identified to strengthen ErgoVSM was including factors relating to the physical environment
of  the workers, such as noise, temperature, and lightning, which affect not only the health of  the workers but also
their performance in the workplace. Including physical environmental conditions in the methodology will allow us
to better to identify integral improvements in process and activity design.

The application of  the ErgoVSM in different economic sectors will help in the inclusion of  a greater number of
ergonomic instruments, depending on the nature of  the activities carried out by the employee, which allow us to
make  comparisons  and  evaluations  of  the  results  obtained.  Having  more  case  studies  can  encourage  those
responsible for designing and improving processes in the workplace to apply an ErgoVSM for decision-making. It
is suggested the application in those activities recognized for the ergonomic risk for employees either due to the
characteristics  of  their  physical  environment,  the  activities  carried  out  by  the  employee  or  their  identified
psychosocial demands should be a priority.
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