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Abstract

With the goal of developing a unified approach for implementation of training for
quality methods—with the help of innovative assistance systems—the current state
of research is determined within the scope of this work. These quality methods
include Quality Management Systems such as Lean Management and Six Sigma. A
systematic literature search is conducted to determine the current state of research
on Augmented and Virtual Reality data glasses, which are considered here as inno-
vative assistance systems. This search extends without restriction to the date of data
collection at the beginning of the year 2022, as Augmented and Virtual Reality data
glasses are considered to be particularly immersive technologies. Based on the data-
bases Scopus and Web of Science, an extended systematic literature review was
used for the research. By answering the research question and classifying the imple-
mented research work, an overview of the current state of virtual and augmented
reality research will be given. This makes it clear that further research is needed,
especially with regard to the training of quality methods, to develop specific models
and action guidelines.

Keywords Augmented reality - Virtual reality - Systematic literature review - Lean
management - Six Sigma - Quality methods

JEL Classification 125

1 Introduction

While growing global competition, companies are exposed to increasing deadline
and cost pressure (Deuse et al. 2015). In addition, demographic change and globali-
zation are issues to which medium-sized companies and large corporations must
respond today and in the future (Senderek and Geisler 2015). A continuing trend
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toward customer-specific products with an increasing number of variants, smaller
batch sizes and an expanded range of tasks and responsibilities can also be observed
(Crute et al. 2013). Currently, a growing number of applications based on Aug-
mented Reality (AR) and Virtual Reality (VR) are being developed for industrial
purposes (Eswaran and Bahubalendruni 2022). The technology is proving to be very
flexible and shows great potential for use in numerous areas. Such innovative tech-
nologies can offer the possibility to convey quality methods from Lean Management
and Six Sigma immersively. To ensure that this is not just a theoretical possibil-
ity, it is important to explore how quality methods can be presented and applied
operationally through assistance systems so that added value can be achieved in
business applications. To remain competitive, companies must continuously find
innovative solutions for improving various industrial processes and focusing value
creation (Segovia et al. 2015). In this context, Lean Management, for example, was
established in the early 1990s to create highly efficient processes in industry and
has since been widely recognized in industry (Kolberg and Ziihlke 2015). It is not
only the processes that experience innovation, but also the qualification of employ-
ees, who are indispensable for the success of the company (Molzbichler and Sturmer
2022; Wildemann 2020). In the context of qualification, the term education refers
to the process of acquiring new knowledge, skills and competencies beyond one’s
existing vocational qualification. Education, in the context of further qualification,
allows individuals to expand their professional skills, explore new areas and enhance
their career opportunities (Halawi and Haydar 2013). Further qualification encom-
passes various forms of learning, including formal educational programs such as
courses, seminars, or degree programs, as well as informal learning in the workplace
or through self-directed learning. The focus is on deepening existing knowledge,
developing new competencies and preparing for new professional requirements or
advancement opportunities. Education in the context of further qualification is a
lifelong process aimed at continuously expanding individual knowledge, skills and
professional expertise. It can help individuals keep pace with the constantly chang-
ing demands of the labor market and advance their personal and professional devel-
opment. Through further qualification, individuals can enhance their employability,
pursue new career paths, or advance within their current field.

The development of assistance systems is seen as an important field of action
for qualification measures. Against this background, the compatibility of established
quality methods with the increasingly important assistance systems must be ana-
lyzed more closely. So far, no holistic overview of methods and projects in connec-
tion with virtual and augmented reality could be taken from the literature research,
so that a basic, Systematic Literature Review process for the analysis of the research
situation and the compilation of a literature review seems to be necessary and will
provide an up-to-date overview. A literature review serves as a basis for knowledge
growth, facilitates theory development, concludes mature research areas and uncov-
ers new research areas (MacDonell et al. 2010; Webster and Watson 2002). A neces-
sary literature review process is a tool for the analysis and summary of the literature
(Booth et al. 2016; Fisch and Block 2018). For this process, a structured framework
called Systematic Literature Review (SLR) is utilized, incorporating documented
criteria and standards (Dyba et al. 2005), as outlined by (Tranfield et al. 2003). A
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SLR is used in different areas such as economy, social policy, nursing (Kitchenham
et al. 2009: 8), medicine (Phutrakool and Pongpirul 2022), software development
(Babar and Zhang 2009) and process modeling (Zhang et al. 2008). Likewise, the
SLR is used in the range of Lean Management and its different areas of application
such as in production, administration, logistics, leadership, development or health
service (Ilangakoon et al. 2022). Other areas of application are education and digi-
tal assistance systems. As evident, there exists a myriad of applications within the
specified domains; however, there is no analysis on the combination of VR/AR,
quality methods and (further) education could be taken from the literature. Thus,
the goal of the analysis is to provide an overview of the current state, as well as the
development of viral learning applications to Quality Management Systems (QMS)
so far. It would be welcome if direct instructions or guidelines for the creation of
such immersive learning environments for quality methods could already be taken
from the literature and thus existing research work. This could then be used directly
as an aid in the creation to proceed efficiently and sustainably. Such applications
could then be used concretely in the qualification of employees within a company
or in further education. Especially in Virtual Reality, the location-independent use
is considered an advantage, for example, to enable learners during a lock-down of
the Covid-19 pandemic to experience a variety of learning and to vary processes
(Horst et al. 2021). Through VR, for example, different industries and different value
streams with different levels of difficulty can be realized in alternating presentation
modes such as comic, entertainment or business. Further advantages are a stronger
emotional engagement with the topic, as well as increasing the motivation of learn-
ers. It is not always possible, even regardless of a pandemic, to meet in person for a
training workshop, for example. However, VR offers a way to mimic this real-world
experience through 3D workspaces where people can move freely and communicate
in a natural and intuitive way. VR offers a powerful solution that enables educa-
tion and training staff to learn effectively in an interactive, simulative and immer-
sive environment. These advantages should now be transferred to quality methods
in combination with VR and AR. For this reason, it is imperative to analyze the
current state of research. Thus, the SLR enables to create a sound understanding of
the existing literature and to identify potential gaps in knowledge. It helps identify
the potential and opportunities of VR/AR, QMS and education. By bringing these
areas together, innovative approaches and solutions can be developed. Identifying
best practices and success stories from the literature can help unlock the full poten-
tial of these topics. Combining VR/AR, QMS and education can lead to synergies
and interfaces that open new opportunities. This research work allows for a closer
look at connections and identification of ways in which these fields can benefit from
each other. This can lead to improved learning methods, more efficient processes
and better use of VR/AR technologies. The SLR provides insights into the practi-
cal application of VR/AR, QMS and education. Use cases, application possibilities
and experiences can be derived from the literature. This helps companies, organiza-
tions and educational institutions to implement and integrate these topics into their
working and learning environments. It also shows which areas need further research
and which questions are still open. It identifies research gaps and points to possi-
ble future developments, which will help initiate new research projects and advance
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Fig. 1 SLR process I own representation according to (Brereton et al. 2007)

knowledge in the field. To achieve the aforementioned goals, research questions are
defined in advance, which are then used to derive the requirements for the SLR,
which in turn affect the implementation and results. In the following, however, the
entire SLR with all the necessary sub-steps is described first.

2 Research methodology—SLR of QMS with VR/AR

SLR is a method by which existing work by researchers can be identified, selected
and evaluated to then analyzed and synthesized the data. The results help to provide
an overview of the current state of research, identify research gaps and thus fur-
ther needs (Boell and Cecez-Kecmanovic 2015; Saad et al. 2021; vom Brocke et al.
2015). Thus, regardless of the topic, SLRs are essential (Webster and Watson 2002).
For the intended Systematic Literature Review process, the approach the procedure
according to.

Kitchenham (Kitchenham 2004; Kitchenham and Charters 2007)
Brereton, Kitchenham et al. (Brereton et al. 2007)

Webster and Watson (Webster and Watson 2002) and also
Denyer (Denyer and Tranfield 2009)

will be followed as a guideline. These approaches will be analyzed first and then
compared to each other. These approaches will be analyzed first and then compared
to each other. According to Kitchenham, one of the most relevant (Shakeel et al.
2018) cited sources (Kriiger et al. 2020), SLR consists of three main phases: Plan-
ning, Implementation and Documentation. This documented process makes it pos-
sible to repeat the SLR to independently verify the results. The process used here,
based on the sources mentioned, can be seen in Fig. 1.

Based on the authors mentioned above, our procedure was created, which can
be seen in Fig. 1. The diagram shows the process of the SLR, which is divided into
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three main phases (1 Planning, 2 Implementation and 3 Documentation) and subdi-
vided into further sub-steps. These are presented below.

Phase 1—planning

The first main phase of planning consists of the sub-steps 1.1 Definition of
research questions and 1.2 Derivation of requirements, which must be recorded in
advance. The definition of the research questions is the most important element of
the SLR (Brereton et al. 2007). They determine the data that must be extracted and
constrain the aggregation process. The recorded research questions are the first part
of the documentation and should not be changed after the requirements have been
completed (Brereton et al. 2007). The research questions serve to convert problems
or information into answerable questions and to explain these completely (Dyba
and Dingsgyr 2008). When conducting SLR, the goal is always to these questions.
Depending on the question, the selection of literature, the survey data and their com-
pilation is influenced.

Sub-step 1.2 Derivation of requirements should consider the elements of selection
of bibliographic sources to be used, keywords and also selection of inclusion and
exclusion criteria (Lenarduzzi and Taibi 2016). To identify bibliographic sources,
the databases AlSnet, Eric, Google Scholar, IEEExplore, Science Direct, Scopus,
Web of Science and Web of Knowledge, among others, can be used for research
(Blomer et al. 2020; Brereton et al. 2007; Freina and Ott 2015; Lenarduzzi and
Taibi 2016). For the actual search process, the databases used and the applications
to be used play a role. Depending on the database, the search terms or the Boolean
operators such as AND, OR differ and should be adapted and documented (Brereton
et al. 2007). The keywords should be selected specifically, alternative spellings and
acronyms should be considered (Lenarduzzi and Taibi 2016). Furthermore, a con-
ceivable translation and its meaningfulness should be considered. The inclusion and
exclusion criteria are topic-specific and depend on the objective. Thus, a temporal
limitation of the observation area may or may not make sense. If, for example, the
SLR is only applied on a national level, this leads to an exclusion of foreign lan-
guage literature.

Phase 2—implementation

The second main phase Implementation can be divided into 2.1 Identification of
relevant research, 2.2 Selection of primary research, 2.3 Assessment of study qual-
ity, 2.4 Extraction of relevant information and 2.5 Compilation of the information.

The implementation can be considered as a search process, distinguishing the
entire literature into relevant and irrelevant content. The difference between the
individual literature databases must be taken into account since different search
models as well as query options exist. To avoid the problem of possible result
deviations, the search term must be adapted individually for each search data-
base, which increases the time expenditure of the SLR and the error suscepti-
bility of this (Babar and Zhang 2009). Furthermore, this search process can be
differentiated into a manual, automated or reference-based search (Kriiger et al.
2020; Lenarduzzi and Taibi 2016). To keep the effort as low as possible, an auto-
mated search is recommended. However, according to Zhang and Ali-Barbar, an
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automated search is not sufficient to comply with a fully comprehensive search,
so a manual search, albeit more complex, should be carried out as a supplement
(Zhang and Ali-Babar 2010). This can be done by an individual Internet search,
the addition of gray literature or also by (industrial) research projects.

The factors explained so far have implications for sub-step 2.1 Identifying
relevant research. The identification of publications that can be used to answer
the research questions is thus a decisive step of an SLR (Zahedi et al. 2016). The
subsequent sub-step 2.2 Selection of primary research is usually carried out in a
three-step procedure:

e Selection by title:

The titles of publications captured in the initial search process are checked
for applied keywords and content relationships and literature that is not rel-
evant is rejected.

e Selection by abstract:

The abstracts of the now-selected publications are checked and non-rele-

vant literature is rejected.
e Selection by full paper:

Of the literature now available for selection, all publications should be
complete. These publications are reviewed against the inclusion/exclusion
criteria to obtain a final list of primary studies (Brereton et al. 2007; Lenar-
duzzi and Taibi 2016; Riemann et al. 2020).

Duplicates are also removed during these selection steps. The remaining sub-
step 2.3 Evaluation of the study quality requires a practical application and is
therefore explained directly in the application area. For the sub-steps 2.4 Extrac-
tion of relevant information and 2.5 Compilation of information, different soft-
ware can assist in addition to classic literature management or spreadsheet pro-
grams. For this purpose, various applications are available, that document a
collaborative work process in a comprehensible way, as well as the results of the
study selection itself (Kohl et al. 2018). Examples are the software CADIMA,
HAWC and Rayyan, which differ in aspects such as free accessibility, coding of
data, collaborative work or documentation (Kohl et al. 2018).

Phase 3—documentation

The third main phase Documentation consists of the sub-steps 3.1 Compile
final report and 3.2 Validate final report. Once the systematic review has been
completed and the questions have been answered, documentation takes place,
for example using a suitable tool such as a spreadsheet (Brereton et al. 2007).
According to Kitchenham and Brereton, it is suggested that these documents and
the presentation of results be independently reviewed or submitted for external
validation, to a peer-reviewed journal (Brereton et al. 2007).

@ Springer
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2.1 Phase 1—presentation of the research questions

Following the SLR process described in Fig. 1, the research questions (RQ) are
defined first. These can be subdivided as follows:

RQ1: Are VR/AR used to teach QMS?

RQ2: Which VR/AR systems are used in connection with QMS?

RQ3: Are there implementation models for the use of VR/AR techniques?

RQ4: Are VR/AR being used for training in the education sector?

RQS5: Can a trend of research on the use of VR/AR systems in the context of
QMS be identified?

RQ1: Are VR/AR used to teach QMS?

The motivation for this question is to show the current state of VR/AR-based
applications in the context of QMS within education or industry. All applications
should be considered. This means that the degree of development is irrelevant, for
example purpose, environment and complexity are not further considered. In this
way, a holistic identification of application areas can be achieved. However, it is rel-
evant that in virtual applications the teaching of the method itself within VR/AR is
meant and not the use of the medium itself.

RQ2: Which VR/AR systems are used in connection with QMS?

Here, the technology should first be narrowed down further. In the VR area, no
caves, no low-end devices such as Google Cardboard, no 360-degree applications
and no simple 3D worlds are considered. The focus is on immersive and interac-
tive virtual applications, which are realized by high-end data glasses. In the AR
area, the focus will also be on interactive applications, so that applications using AR
data glasses will serve as a basis. Other augmented applications such as viewing 3D
models, superimposing head-up displays, etc. are not relevant here.

RQ3: Are there implementation models for the use of VR/AR techniques?

The area of education can be divided into the four areas of primary, secondary,
tertiary and quaternary education. For the intended SLR, the focus is in the area of
secondary, tertiary and quaternary education, since VR/AR and especially quality
methods are most likely to be taught here. With this question, it is to be inquired
whether a certain use and/or addressee group is already focused on the VR/AR
application. Furthermore, it is interesting to question whether the QMS are rather
used in the university or entrepreneurial context. This idea will be taken up again in
sub-step 2.5 Compiling the information.

RQ4: Are VR/AR being used for training in the education sector?

Through this research question, we aim to understand how VR/AR technology is
currently being implemented in training/education programs to derive generalized
conclusions for future applications.

RQS5: Can a trend of research on the use of VR/AR systems in the context of
QMS be identified?

For this purpose, the number of publications per time interval is to be displayed
to make trend developments visible. This trend is to be compared with the general
trend of AR/VR applications.

In the following, the further steps of the planning are presented. For sub-step
1.2 Derivation of requirements, the selection of bibliographic sources is made
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from the Scopus and Web of Science databases. These databases have provided
the most results for related SLRs in the areas of Lean Management (Salentijn
et al. 2021), Virtual Reality (Domingueti et al. 2021; Mak et al. 2020), Aug-
mented Reality (Ho et al. 2022; Quandt and Freitag 2021), education (Checa and
Bustillo 2020) and oncepts in order to achieve the most comprehensive overview
possible. In this context, the term concepts refers to general ideas, models or the-
oretical approaches as well as concrete procedures, which are related to abstract
concepts or frameworks, which are used for the analysis, evaluation or implemen-
tation of certain aspects or principles, which are conveyed to the content imple-
mentation in the technical realization or also the guidance by VR/AR. The main
topics are combined with the subtopics, see Table 1.

This first overview provides an orientation to refine the keywords in the subse-
quent application. The selection of the keywords is based on common terms from
industry and research as well as the available literature research from the respec-
tive fields, see Table 1. The final groupings and combinations of keywords, acro-
nyms used and the Boolean operators applied are listed directly in the respective
Tables 2, 3,4, 5,6, 7, 8, and 9.

In the next step, the selection of the inclusion and exclusion criteria as well as
the optional criterion is presented. The latter can be added as an option if further
filtering of the results is necessary. Publications are either included or excluded
based on their compliance with the following criteria.

Formal exclusion criteria

1. Studies published in languages other than English or German.
Studies in which the combination of both keywords is not to be taken in the
abstract.

3. Studies that are not open source or accessible through the university networks.

Content exclusion criteria

4. Studies that describe a practical implementation of quality methods within AR/
VR and do not describe conceptual or methodological treatises and their applica-
tion.

Formal inclusion criteria

5. All studies, meaning there is no time limit for the analysis period (reference to
RQ5).

6. Studies in which desktop-based Virtual Reality technologies, VR glasses and
caves were used as application scenarios (supplementary to RQ2).

7. Studies in which recognizable Augmented Reality technologies, independent of
AR glasses were used as application scenarios.

@ Springer
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Table 5 Number of results

. Database: Scopus
per search term for the topics P

AR +Education I Database Search string No

Scopus [Search: by Title, Abstract, and Keywords]
{education} AND {augmented reality } 5497
{education} AND {augmented reality} OR {AR} 6986
{higher education} AND {augmented reality } 391
{higher education} AND {augmented reality} OR AR} 511
{further education} AND {augmented reality } 7
{further education} AND {augmented reality} OR {AR} 16
{training} AND {augmented reality} OR {AR} 5989
{training} AND {augmented reality } 3799
{upskilling} AND {augmented reality 4
{upskilling} AND {augmented reality} OR {AR} 4

8. Studies that have been published in academic journals and/or presented at confer-
ences with at least one peer review.

Content inclusion criteria

9. Studies that implement Virtual Reality based teaching in the form of games,
simulations or worlds.

10. In addition, contributions of gray literature and YouTube are added to consider
possible opinions expressed in non-scientific works. In this way, the space is
created for the consideration of findings in this still very young technology,
which were not developed in the classical scientific environment.

Optional criterion

11. Studies, which show a relative citation frequency. As a starting point for the
present SLR, a minimum of 20 citations of the scientific contribution is taken
as a basis.

After retrieving the search results of the SLR data collection, the inclusion and
exclusion criteria are applied to filter the collected publications. This was done
according to the described three-stage selection of title, abstract and full paper.

In further planning for the concrete implementation Citavi should be used as lit-
erature management software. This program was chosen because of its user-friend-
liness, the fast processing of large numbers of references, the add-in for Word cita-
tions, the integrated PDF viewer and the teamwork. In step 2.4 Extraction of relevant
information, the selection will be checked again for its actuality. For the sub-steps
2.4 and 2.5 rayyan is used as a support tool, for the manual search and for the also
necessary data extraction and evaluation Microsoft Excel.

@ Springer
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2.2 Phase 2—implementation of the SLR

In the following, first interim results of the implementation are presented. Start-
ing with the database Scopus and with the main topic of Virtual Reality, an
overview was first created according to the application of the associated search
terms, see Table 2. As a result, more than 282,000 publications were identi-
fied for the search term Virtual Reality, for example. Thus, it became clear that
a consideration of keyword combinations is more meaningful to answer the RQ
in a meaningful way. The single keyword seems to be too unspecific to obtain a
search-optimized database analysis. Likewise, the use of a restricted search on the
Scopus parameters Title, Abstract and Keywords seem to be more target-oriented
due to the number and the performed search. Consequently, the results with the
search field all fields were compared with the search field Title, Abstract and Key-
words, which confirmed the previous thesis. For this reason, the search results
with the search field Title, Abstract and Keywords serve as the basis for further
elaboration.

In the course of an initial review of the results, it was noticed that, despite clear
search parameters for VR, a few publications were found on the topic of AR, for
example for the parameters Six Sigma and Virtual Reality, around 22 of 259 publi-
cations could be assigned to AR.

To obtain a first overview of the topic AR, the identical procedure as already used
for VR was applied, see Table 3. In this analysis, it became particularly clear that
no qualitative improvement of the analysis was achieved when the Boolean operator
OR was added, but the results for the abbreviation AR =action research were added,
which is not expedient at this point.

In addition to the duplicate use of the acronym, the AR data collection found
that no further relevant research articles were found when the search terms were
expanded to include OR {AR}. For example, for the search term {Lean Manufac-
turing} AND {augmented reality} with 21 results and the search term {Lean Man-
ufacturing} AND {augmented reality} OR {AR} with 27 results, the 21 identical
results are included in the 27, see Table 3. The remaining six publications do not
exhibit content relevance to the keywords. This duplication of publications may be
an exception and needs further verification. For this reason, all relevant results will
still be examined together, duplicates will be subsequently removed and no search
terms will be excluded beforehand.

For an initial overview of RQ4, the Scopus database was searched using the terms
VR and AR in conjunction with the terms education, higher education, further edu-
cation, training and upskilling. The basis for the latter terms was derived from both
the related SLR in Table 1 and the English translations defined in the expert round
for the term education.

In the area of VR, it is clear that a restriction is reasonable due to the number of
search terms and the number of searches performed in the search field Title, Abstract
and Keywords. For this reason, the keywords for the subject area of education in the
area of AR are applied directly in the search field Title, Abstract and Keywords and a
search in the search field all fields is omitted. For both results, the selection of search
terms does not seem to be specific enough and should be specified in a further step.

@ Springer
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To get a first overview of RQ3, a search was performed directly in the search field
Title, Abstract and Keywords, see Table 6.

Likewise, the selected search terms seem to be too imprecise due to the number
and the number of searches performed and should be specified or combined in a
further search.

The data collection of the search was subsequently extended to the database Web
of Science, in which the already presented searches were carried out again. Table 7
shows the evaluation of the search of the individual search terms. It is also to be
noted that the separate search of the search term Virtual Reality is not purposeful
but should be carried out in combination.

In the search term {Six Sigma} AND {VR} in the search field all fields VR is not
used as a Virtual Reality abbreviation and in the search field by Title, Abstract and
Keywords, the keyword Six Sigma is used and not the specific area of Six Sigma, so
that no paper with Six Sigma reference was found here.

In the area of AR, the same approach was also taken and AR was also abbrevi-
ated as action research and is not target-oriented for the present data collection. The
results can be seen in Table 8.

The comparison of the results of the databases shows that identical publications
and numbers of publications are found for most of the search terms, such as for the
search term {Lean Management} AND {virtual reality }. At this point, it can already
be stated that after searching both databases, the number of search results for the
parameter VR is significantly more extensive than for the search parameter AR.

To further specify the results from Tables 4, 5, 6, 7, and 8, the search terms are
extended. These can be seen in Table 9. An extension of the search term for the
acronyms VR and AR is omitted, since this is not purposeful. In both databases, the
search is also performed directly in the search field Title, Abstract and Keywords.

For the purpose to obtain a first impression of the data collection and the qualita-
tive use to be derived from it, a limitation of the results in the three-digit range is
considered reasonable and narrowed down accordingly, in the next step the inclusion
and exclusion criteria are applied and selected according to the three-stage proce-
dure (see sub-step 2.2 Selection of primary research).

2.3 Phase 3—evaluation of the SLR

The review of the publications, starting with the respective search terms from
Table 2, 3, 4, 5, 6, 7, 8, and 9, leads to the assumption that the respective search
terms represent a supposedly extensive literature. However, upon closer examination
and the analysis performed by SLR, this unfortunately cannot be confirmed. A large
number of the results are irrelevant due to the inclusion and exclusion criteria and
lie outside the context of the targeted search terms.

After filtering the results, 58 publications were still available for detailed analy-
sis. Of these, 39 publications could be assigned to the topic area of VR and AR
combined with Lean Management and Six Sigma, while the other 19 publications
focused on VR and AR in the context of education and concept development. To
find an answer to RQS5, Fig. 2 serves as a first orientation.
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Fig.2 Number of publications on the specific keywords per year I Own presentation

It should be noted here that the year 2022 has not yet been completed and
is therefore only of limited informative value. Otherwise, a clear trend (dashed
graph) can be seen in recent years. A particular increase can be seen from 2020
onwards.

This also confirms the chosen inclusion criterion of working with an unrestricted
temporal view and is considered a sensible approach for the intended overview. With
the present result, the period under consideration for future SLRs could now be nar-
rowed down, for example from 2014 onwards. Due to the low number of publica-
tions, the optional criterion of excluding studies with a minimum of twenty citations
was waived to comprehensively address the posed research questions.

The next step is the selection by full paper. As a result, 11 full publications are to
be noted, which are to be used as further support for answering the research ques-
tions. The remaining publications deal with the technologies and their application as
well as the applied search criteria, but they are missing an essential element of the
focus of the present SLR and therefore they are not helpful in the overall context.

To ensure that the broadest possible spectrum of existing research work is
reflected, a manual search is used, as explained in Phase 2—Implementation. In
this process, additional publications and projects were added to the status quo. The
results of both searches are shown in Table 10, 11, and 12. The listed results have
different focuses, once the aspect of research projects (Table 10 and 11) and once
the focus on paper (Table 12). Publications that were collected during the SLR or
also during the manual search and refer to a project are not additionally noted. Start-
ing with the following Table 10, the projects, their source and the hardware used in
the project can be found.

As shown in Table 10 the projects already use head-mounted displays, so there is
no need for further selection as envisaged in RQ2. For the project Lean Principles in
Earthworks, the hardware usage could not be inferred.

Table 11 shows that few projects deal at all with Lean Management and VR/AR
assistance systems as educational technology and publicize this effectively. The
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Table 11 Overview of VR/AR projects incl. evaluation

Assistance system Secondary e.

Research projects
VR AR Focus

Tertiary e. Quaternary e.

University

Further

Lean

Qams

Six

Method

Apprenticeship education Management Sigma
Portal -~ -~ -~ Value stream
O O
o O O [ ® [ J (@] vl
VR on-site PDCA-method
O O O [ ] (] (] (Realization of the
Plan and Do phase)*
Lean Masterclass -
[ ] O O [ ] [ [ ] O Gemba
Anwend_ung von After triage: Lean
Lean-Prinzipien im application should
Erdbau N N p serve as a solution
® ® o o o ) o (outlook), concrete
application not
recognizable
Virtual Quality Toolbox Pareto Diagram*
Shewhart control
chart*
Histogram*
P —~ Fishbone diagram
[ ] O [ O 4 [ [ (Ishikawa)*
Affinity diagram*
why?-why?-diagram*
Force Field
Analysis*
WILLEN Methods that overlap
[ J [ J O @ [ [ J [ J from both QMS
iVRTrain LEAN 58
[ ] O O (@] O [« ] O 5S-method
Legend: e. = education; Harvey Balls: Assessment of the degree of application of the respective QMS; * = Assignment retroperspective

Table 12 Overview of VR/AR Paper incl. rating

Publication

VR

Focus

Apprenticesh University

Assistance system  Secondary e. Tertiary e. Quaternary e.

Further
education

Lean

ams

Six

Management  Sigma

ip

Lean Courses in Process Form - Do as We Leam, Success or Not? o) o ° o ° 0o PDCA
Immersive virtual realty to vindicate the application of value stream mapping in an US-based Value
SME ¢} ¢} ¢} ) O | steam
analysis
[VR and AR in Lean Manufacturing Classes. 7 - 55
(SLR) (¢] [ ] o [ ] (0] [ O G
[VR and AR in Lean Manufacturing Classes. - -
(SLR) O [ ) O (e) a
[A Case Study of Educalional Games in Virlual Reallly as a Teaching Method of Lean =
[Management ) C g
o ° o o ° o - O | mosed
(SLR)
[Adopting lean thinking in virtual reality-based personalized operation training using value stream Value
mapping [ ) O ] O [ O stream
(SLR) analysis
[The Application of Information Technologies in Consideraion of Augmented Reality and Lean - - - ~
[Management of Enterprises in the Light of Sustainable Development O [ ) O O O [¢) (e) a
[Contribution of Virtual Realfty for Lines Production's Simulation n a Lean Manufaciuring
[Environment ® O O O O () O a
Tniegrating lean production strategies, virtual reality technique and building information modeling
[method for mass customization in cabinet manufacturing [ ] (] (] O O (<) O a
an Based on Reality
Tools Usage: China and Other World IT Companies’ Experience [ ] [ ] O O O [¢] O a
for the Integration of Lean Construction, BIM and Virtual Reality in the N N N
Planning Phase of Structural Intervention in Heritage Structures [ ) O O O [¢) (e) a
[Augmneted reality in production management classes 55-
(SLR) - - o method
O [ ) O [ ] O [ © (notin
detail)
Tmmersive virtual reality inalean Loan
(SLR) principles/
® O O ® O () O waste
(notin
detail)
[Cegend: SLR = Source from SLR; & = educalion Harvey Balls Assessment of e degree of applicalion of e respecive QMIS: a = Afler age: concrete Lean Managemnel applcations not discermible

target group is further education, certain preliminary test runs are carried out with

students, which is indicated by the corresponding Harvey Balls in Table 11.
Furthermore, the scope of the application or the direct reference to Lean Manage-

ment is not always apparent. A specific project dealing with Six Sigma as well as
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VR and AR was not found. In the case of the VR on-site project, it should be noted
that none of the Quality Management Systems was mentioned by name, but the
PDCA method! can be assigned to both QMS. The same applies to the Virtual Qual-
ity Toolbox (VQT) project. However, methods are used here that can be assigned
more specifically to Six Sigma, such as the Pareto diagram. Since the project indi-
rectly addresses both QMS, this will be explained in more detail. The VQT uses VR
technology in seven lessons for learning quality tools. These lessons were Pareto
diagram, Shewhart control chart, histogram, fishbone diagram, affinity diagram,
why?-why?-diagram and force field analysis. These quality tools contain statistical
methods, which are classically assigned to Six Sigma. The VR applications were
found to be more attractive and convincing learning formats in direct comparison
to classical formats, for example lectures, slides and written exercises. Furthermore,
the independent learning and the presented interaction possibilities were evaluated
as conducive to the project. It should be noted, however, that in the VQT’s source
reference no structured procedure model for the implementation of such training
offers is recognizable. Likewise, no holistic concept in the sense of Lean Manage-
ment or Six Sigma can be identified since the selection of the chosen methods at the
VQT was subjective. Schematically structured, specific VR/AR learning scenarios
to Six Sigma with the emphasis on further training are not well-known on basis of
further literature searches (Zhao et al. 2019). The further results in this regard are
presented in the following Table 12.

It can also be seen here that Lean Management is used in part and that no results
can be found on the topic of Six Sigma coupled with VR and AR. It is noticeable
that mainly students are focused on as the target group here and that no attention is
paid to further education as a target group.

Up to this point the results were presented to the topic area VR and AR combined
with Lean Management and Six Sigma. In the following the results with the topics
VR and AR in connection with the topics education and concept development are
to be represented. For this purpose, the following three publications are to be men-
tioned, which particularly stood out after reviewing the abstract and full paper and
which most closely answer RQ3:

(1) Kavanagh et al. (2017)
(2) Makransky and Peterson (2021)
(3) Rojas-Sanchez et al. (2022)

Paper (1) is an extensive 2017 research that first presents a systematic review of
the use of Virtual Reality in education as well as two shifting thematic analyses. The
first analysis examined the applications and motivations for developing Virtual Real-
ity education systems reported by educators in the academic literature, while the
second examined the issues involved. There were 99 publications to choose from for

! PDCA stands for “Plan-Do-Check-Act” quality method and describes a cyclic process for continu-
ous improvement of processes and workflows, involving creating a plan, implementing it, checking the
results and taking appropriate actions.
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evaluation, 19 publications could be assigned to the engineering application domain
and 51% of the applications were within higher education. Further results can be
found in the paper. Relevant at this point are the findings that despite the historically
longer use of VR in education, acceptance continues to be a challenge, VR applica-
tions play only a minimal role in education and the factors of cost, user experience
and interactivity play a crucial role in the use and continue to be explored today
(Kavanagh et al. 2017).

The latter is also criticized in (2) that educational technologies are not yet adapted
(enough) for their concrete use about current possibilities and challenges. Makran-
sky and Petersen think that there is a lack of theories guiding research and applica-
tion development. This lack is a major challenge in the field. Therefore, the authors
feel it is important to develop a research-based theoretical model that provides an
understanding of learning in immersive VR (Makransky and Petersen 2021). This
paper reviews from the perspective of pedagogy and presents a model with cognitive
influences on VR applications, but technical factors play a minor role.

The (3) paper addressed a similar question as RQ3, identified and analyzed the
scientific literature with a bibliometric analysis of Virtual Reality and education.
The Web of Science, Scopus and Lens databases were used for this purpose for
the period 2010 to 2021. The focus of the search was on research publications, the
applications of VR in teaching and learning processes in secondary and higher edu-
cation and other applications in conferences or training processes. As a result, 273
publications published from 2020 to July 2021 inclusive were evaluated. A partial
result is that VR is used in different parts of education, but a significant part of insti-
tutions still hesitate to include VR in teaching and learning processes. Another result
to be repeated from the research is that VR favors self-learning, promotes motiva-
tion and engagement of students and educational staff in general and also increases
the speed of learning. Another advantage of VR is seen in learning by experiencing
and interacting with a (virtual) environment instead of passively receiving the infor-
mation to be processed. Thus, increasing research interest and therefore increasing
research activity in possible applications of VR/AR can be seen. In recent years,
improvements in VR learning processes have been observed. Likewise, relevant pro-
gress in the application and use of this technology has been recorded. This can be
attributed, among other things, to the evolution of VR learning environments: from
multimedia to interactive environments with desktop and immersive VR processes,
360-degree tours and various applications and games. Although student engagement
and motivation can be improved through the use of this technology, there is much
to be learned about the use of e-learning tools, according to the authors (Rojas-
Sénchez et al. 2022: 30). Due to the scope, traceability and timeliness of the paper,
this source is taken as the basis for answering RQ4, as the authors’ search terms
were not sufficient or there is a need for another very comprehensive SLR.

2.4 Phase 3—responding to the RQs

Following the responses will be presented in a consolidated manner for each RQ
based on the findings of the analysis presented in Sect. 2.3, commencing with RQ 1.
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Fig.3 Trend curve QMS appli-
cation in VR/AR

Number

012 2014 2016 2018 2020 2022

Year

RQI1: Are VR/AR used to teach QMS?

A small number of applications can be identified (see Tables 11, 12), mainly
Lean Management is implemented in the context of Virtual Realtiy, significantly
less in the area of Augmented Reality. For Six Sigma two research works could be
identified, but except for the ongoing WILLEN project no further research work on
the topic of Six Sigma and Augmented Reality. When looking at projects, the use of
Lean Management is mainly analyzed in university and further education contexts,
when looking at contributions, the addressee group of universities is exclusively
considered. Regardless of the projects or contributions mentioned, it can be stated
that the majority of the research work is still at an early stage and shows little pro-
gress. There is a huge need to further develop this research by both developing and
creating it and studying its impact, such as acceptance of their use in application.

RQ2: Which VR/AR systems are used in conjunction with QMS?

Head-mounted displays were mostly used for these applications, be it a wired or
standalone variant, to enable the highest possible interaction and immersive expe-
rience. In the area of AR, AR data glasses were also used as in the VR area, see
Table 10.

RQ3: Are there implementation models for the use of VR/AR techniques?

A fully comprehensive model was not identified. A model that considers an edu-
cational focus, learning as well as cognitive factors was analyzed, see Sect. 2.3.
However, the technical factors influencing it are presented in a minor way, leaving
open the question of which learning content it should be applied to.

RQ4: Are VR/AR used for training in the education sector?

VR and AR are used in the education sector, see Table 11. The focus here is on
use within university education, see Table 12.

RQ5: Can a trend of research on the use of VR/AR systems in the context of
QMS be identified?

From the independent research work carried out as well as the SLR carried out
here, a clear trend can be seen in VR applications, with an upward tendency (see
Fig. 2). In the case of the publications and projects with a thematic focus on QMS
that serve as a basis, an increasing trend can also be seen, which is shown in Fig. 3.

This increasing growth must be further promoted and different applications
developed, especially in the area of QMS, to achieve the broadest and most diverse
spectrum of virtual learning environments possible. This means, for example, virtual
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learning environments that represent different levels of difficulty in the tasks or
cover different learning types and can thus be used flexibly.

3 Summary and future work

The goal of the present analysis is to provide an overview of the current state of the
research in the development of virtual learning applications in the field of Quality
Management Systems. For this purpose, a SLR was conducted, which includes sev-
eral steps, including the definition of research questions. For this SLR, five research
questions were formulated looking at aspects such as the context and use of QMS
in conjunction with VR/AR technology, as well as the education sector. Based on
these research questions, formal and content inclusion and exclusion criteria were
established to assist in the selection of research findings. These criteria include, for
example, the choice of language, the combination of keywords in the abstract, the
definition of the hardware used and no time limit on the period of analysis. With
these defined framework conditions, the SLR was performed and the intermedi-
ate results were presented in tabular form. Various search parameters were used to
identify the relevant studies and to document the results accordingly. Based on the
SLR conducted, which was unrestricted during the entire period under considera-
tion and thus could consider all results of the databases used until the beginning of
2022, an increasing use of assistance systems such as VR and AR as educational
technologies becomes apparent. Here, an increasing trend can be seen from 2017
onwards. However, these need to be researched further, as only a small number of
projects on the main topics of QMS, education and models can be taken. Exemplary
sub-topics in VR and AR research are to analyze the concrete applications in terms
of acceptance, user experience and interactivity. Likewise, the pedagogical integra-
tion related to these educational technologies offers a broad spectrum of research.
While initial applications of quality methods of VR and AR can be seen, no unified
method, concept, or tool has been used. Consequently, further VR and AR applica-
tions should be developed, especially in the field of AR. Despite the potential of VR
and AR in education, the review identifies several research gaps. There is a need
for a more comprehensive and unified approach to the development of VR-based
educational content, particularly concerning technical, didactic and methodological
considerations. This requires a conceptual approach that combines the requirements
of developers from the fields of programming and didactics, operators, users and
educators and can take into account the various aspects and the impact on learning.
As a result, questions can be derived as to what a procedural model for assessment,
selection, implementation and evaluation might look like and whether it can be gen-
eralized, for example applied to other methods. A possible model for this could be
the Assisted Reality Implementation Model, which is to be created based on the
SLR presented here. Further research topics can be to analyze the effectiveness of
VR/AR in quality methods education. This means to investigate the effectiveness of
VR and AR in teaching quality management methods like Lean Management and
Six Sigma. Conduct controlled experiments to measure learning outcomes, reten-
tion rates and skill development when compared to traditional classroom instruction.
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Also the development of Pedagogical Strategies for Immersive Learning. This
includes to explore pedagogical strategies optimized for immersive learning envi-
ronments. Investigate how instructional design, feedback mechanisms and interac-
tive elements in VR and AR environments can enhance the learning experience, par-
ticularly in quality management education. It would also be interesting to analyze
investigate methods to make VR and AR education more accessible and inclusive.
Address issues related to cost, hardware requirements and the needs of learners with
disabilities to ensure equitable access to immersive learning experiences. Also inter-
esting areas are the topics such as Ethical Considerations and Cost—Benefit Analy-
sis. The first one means to address ethical considerations in VR and AR education,
particularly regarding data privacy, user consent and the potential for bias in con-
tent delivery. Develop best practices and guidelines for ethical immersive education.
The second one conduct cost-benefit analyses to determine the economic viability
of implementing VR and AR in quality methods education. Assess the return on
investment for educational institutions and organizations adopting these technolo-
gies. This research agenda aims to guide future studies in the field of VR and AR in
quality methods education, offering specific areas for exploration and development.
These research endeavors will contribute to a deeper understanding of how VR/AR
technologies can enhance the teaching and learning of quality management methods
and their broader applications in education.
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