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Abstract

Industry 4.0 is viewed as a complex scenario. This complex scenario could be interpreted using illustrations such as sketches or
drawings. ldeally, sketches and drawings are useful in illustrating complexity and multiple abstracts from observed social reality.
The use of illustrations allows novice qualitative researchers to explore observed social reality in depth with less linear insight.
However, few scholars mention the use of illustrations at the research planning stage because most sketches and drawings have
been used as tools during data collection merely to understand an interviewee’s perspective. Therefore, this article aims to
demonstrate the use of illustrations as a tool to facilitate the research process from problem identification to the selection of the
qualitative research methodology. Five specific purposes of illustration that significantly contribute to the body of knowledge for
effective decision making and are useful tools in delivering information are demonstrated in this article. Based on the illustrations
demonstrated in this article, the most appropriate qualitative research methodology is the case study. Overall, the proposed use
of illustrations can assist a novice qualitative researcher in determining the appropriate epistemological and ontological stances, as

well as their methodology and method, more effectively.
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The conceptions of social reality are not easily interpreted,
especially by a graduate student who is a novice in qualitative
research (Age & Gustavsson, 2016; Mccaslin & Scott, 2003). It
has been found that even qualified researchers, such as sociol-
ogists, “are often accused of making use of a naive and unne-
cessary formation of concepts to explain truism” (Segerstedt,
1959, p. 1). Misconceptions and the unnecessary formation of
concepts may occur when a researcher fails to integrate infor-
mation from diverse sources meaningfully. The failure to inte-
grate information from diverse sources could be due to
different philosophical stances held by different authors, which
have led to different choices of paradigms and methods used to
portray reality. Thus, understanding the integration of philoso-
phical stances with effective research methods is important to
help a researcher to understand social reality more effectively.

In this article, the corresponding author demonstrates the
use of illustrations as a knowledge management tool in her
research, to assist in constructing the body of knowledge from
the observed social reality in order to make the right decision
throughout her research journey.

Figure 1 illustrates the research journey and the construction
process of the associated body of knowledge (illustrated as
simple dashed lines), beginning with the research questions that
were viewed from different lenses of the research paradigm
(illustrated as different routes). Each route represents the
knowledge and understanding obtained from the literature
reviewed. The different possible research routes, namely
“constructivism and interpretivism,” “positivism,” and other
research paradigms (such as pragmatism and the transformative
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Figure |. Author’s illustration of her research journey as a novice qualitative researcher.

approach; Creswell, 2014; Gray, 2014), are also shown here.
The “constructivism and interpretivism” approach was chosen
for the reasons illustrated in Figure 2, which are denoted by a
question mark. The research journey then continued along the
constructivism and interpretivism route (Figure 2). In this
study, the terms constructivism and interpretivism are com-
bined as “it is typically seen as an approach to qualitative
research” (Creswell, 2014, p. 37).

The confusion among novice researchers in choosing the
right research route commonly occurs at the research paradigm
stage due to the multiple interpretations that are possible in a
single social reality as well as the complexity involved in deter-
mining the appropriate research methodology (Age & Gustavs-
son, 2016; Salvador, 2016). Therefore, the research question is
always referred to during the research process as “it acts as the
compass in the research process” (Neri de Souza et al., 2016,
p- 7). The research question has a significant influence on
a novice qualitative researcher’s thinking regarding the way
of knowing, how things really are, and how things really work
(Scotland, 2012). The question mark in Figure 1 is the basis for
subsequent illustrations (in reference to Figures 2—10 in this
article) made during the corresponding author’s learning

process, including further explanation of decisions made
throughout her doctoral research journey.

Next decision-making juncture to be undertaken in the
research journey is shown as five routes, in line with Creswell
(2007): narrative, case study, phenomenology, ethnography, and
grounded theory, which are the options for a novice to choose
from to arrive at the most appropriate methodology in qualitative
research. Considering the evidence gathered and illustrated in
Figures 2 and 3, the author’s research journey continues to take
on the case study methodology route (refer to the single dashed
lines). Three routes of Yin, Stake, and Merriam were possibili-
ties, as illustrated in Figure 1, with reference to Yazan’s (2015)
case study research. More routes were considered and are illu-
strated here based on views related to case studies by Yin (2002),
Stake (2006), and Merriam (1998). The review of the existing
literature about case study research was further conducted and
supported by illustrations in Figures 4—6. The specific type of
case study was later ascertained with the aid of illustrations in
Figures 7-10 to determine the unit of analysis (or case), bound-
aries, context, and the phenomenon.

The use of the double-ended arrow on each route has been
observed in various types of research conducted by different
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Figure 2. Author’s sketch of the Industry 4.0 scenario in Malaysia.
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Figure 3. Author’s illustration diagram of “Why Qualitative Research?”

researchers in describing their research journey to indicate reci-
procity or iteration and knowledge gained from the literature
review. For a novice researcher, the confusion in choosing the
most appropriate methodology could be influenced by the vari-
ous types of research obtained from the literature review.

Therefore, following Agee’s (2009) advice, reflective and inter-
rogative processes were conducted continuously in developing
the research questions in order “to give shape and direction” to
the study (p. 431). The case study methodology was then deemed
appropriate for the current research question with “multiple
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Figure 5. Author’s illustration of an intrinsic case study based on a study conducted by Hellstrém et al. (2005).

routes” to choose from, which could be viewed from either the a paradigm is perceived as having four interrelated components:
constructivist lens or the positivist lens (Hyett et al., 2014). ontology, epistemology, methodology, and method (Scotland,

Multiple paradigms such as positivism, constructivism, crit- 2012). Kivunja et al. (2017) and Scotland (2012) describe ontol-
ical theory, and other research paradigms and perspectives were  ogy as the nature of reality, while epistemology deals with
considered by the authors to understand the current situation and  knowledge definition and acquisition (Kivunja et al., 2017).
to decide on the appropriate philosophical stance. In this article, Understanding the differences between epistemology and
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ontology may justify the use of a particular methodology and
method in research. Furthermore, the choice of a research para-
digm is influenced by the research inquiry. Agee (2009) ascer-
tains that for “qualitative research questions, there is a need to
articulate what a researcher wants to know about, the intentions

and perspectives of those involved in social interactions” (p.
432). Most importantly, epistemological and ontological stances
must be aligned with the research questions.

This article presents the construction of ideas for a doctoral
study that aims to revise and align the existing polytechnic
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manufacturing curriculum with Industry 4.0 competency
requirements. This study was motivated by the previous work
experience of the corresponding author, who was a mechanical
engineering lecturer at a polytechnic in Malaysia. The initial
research plan was to define new competencies based on the

analysis of competencies derived from the extensive literature
and existing curriculum materials. The need to identify new
competencies is supported by various studies, which show a
lack of mutual agreement on the new required competencies
related to Industry 4.0. For example, Prifti et al. (2017) propose
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a model for Industry 4.0 employees, where computer science
competencies are emphasized more compared to engineering
competencies. Moreover, some scholars—for example, Erol
et al. (2016), who discovered “several competencies derived
from ‘learning factories,” such as personal competencies,
social/interpersonal competencies, action-related competencies
and domain-related competencies” (pp. 14—15), as well as
Schallock et al. (2018)—in their research in designing
a learning factory for Industry 4.0 suggest “that the learning
factory should cover the following three categories of skills”
(p- 28) which are technical skills, transformation skills, and
social skills. The findings from learning factory studies are
deemed relevant to “the path to Industry 4.0” as they represent
the actual environment of Industry 4.0 (Baena et al., 2017,
p.- 73). Based on the initial literature review, the author decided
to conduct Industry 4.0 research through a positivist lens. It was
felt that listing and comparing competencies from the literature
review and existing curriculum materials, together with a sur-
vey from the industry (from preliminary research), would be
sufficient to propose a model for the doctoral study.
However, the initial ideation was not feasible due to the
nature of social reality within the manufacturing sector related
to Industry 4.0, which is too complex due to several factors
such as lack of knowledge (Moeuf et al., 2017) and the uncer-
tain readiness of manufacturers (Agca et al., 2017) to embark
on organizational changes to achieve Industry 4.0 status. Addi-
tionally, Industry 4.0 is a new phenomenon in Malaysia. For
example, only 12% of Malaysian manufacturing companies
were involved in the Industry 4.0 transition in 2017 (The Sun
Daily, 2017). Furthermore, only five companies in total
(including a company from the author’s visit) were identified
in early 2018 as Industry 4.0 pilot projects, as the Malaysian
Government embarked on a pilot project to develop the Internet

of Things (IoT) industry and ecosystem (Yusof, 2018). To date,
approximately 500 small-to-medium enterprises (SMEs) have
been identified in the Industry 4.0 readiness assessment to be
conducted by the Ministry of International Trade and Industry
in 2019 (Tan, 2018). These factors, combined with an extensive
review of the literature, indicate that the Industry 4.0 concept in
Malaysia is not yet well-defined. Therefore, there is a need to
view the nature of social reality from a different lens (not
positivist) to understand the new competencies for a new man-
ufacturing curriculum revision to be aligned with Industry 4.0.

A good understanding of Industry 4.0 competencies can
only be achieved if the constructed reality of the Industry 4.0
scenario in Malaysia is understood. Therefore, it was necessary
for the author to understand the Industry 4.0 scenario in the
manufacturing sector first. This was supported by a systematic
literature review (previously conducted by the authors) on the
human role, competencies, and skills required in Industry 4.0
(Janis & Alias, 2018). Most studies on competency, which used
quantitative approaches following the positivist research para-
digm, were related to evaluation inquiry and the prediction of
new competencies. Only limited research focused on actually
understanding Industry 4.0 competencies. Research that aimed
to understand Industry 4.0 competencies using a qualitative
approach was only found in the learning factory research and
expert observation, such as the work of Pfeiffer (2016), who
observed skilled workers in shop floor production. On the other
hand, surveys and Delphi methods of quantitative research are
considered suitable to predict or foresee Industry 4.0 compe-
tencies in Malaysia, and such studies are limited to Industry 4.0
itself, yet there is no exact definition of Industry 4.0 (Prifti
et al., 2017): as similar concepts and visions are often used
under another term such as “Smart Factory” or “Digital
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Transformation” in the international context which they refer to
14.0 as a German concept concerning the definition in their
study.

Therefore, considering the Industry 4.0 literature reviewed,
a qualitative approach was adopted to understand the Industry
4.0 scenario within the manufacturing context. The purpose
was to understand the new competency requirements from
lived experiences as they can “offer in-depth responses to ques-
tions about how they constructed or understood their experi-
ence” (Jackson et al., 2007, p. 23). However, using a qualitative
approach to understand Industry 4.0 is difficult for a novice
qualitative researcher, as an extensive body of knowledge is
required related to the experiences of working in Industry 4.0 to
undertake qualitative research. To overcome these issues, the
author took the initiative of using illustrations to develop a
body of knowledge during the research process. Here, “author”
refers to the corresponding author who was responsible for the
illustrations. The illustrations were constructed simultaneously
throughout the discussions with the doctoral supervisor on case
study research design. Meanwhile, the Industry 4.0 scenario
was ascertained by the coauthors who are experts in the engi-
neering field.

lllustrations in the Realm of Novice
Qualitative Researchers

Being a novice qualitative researcher, the author experienced a
difficult qualitative research journey due to the lack of experi-
ence, patience, and in-depth knowledge of social science
research. Ausband (2006) suggests to be patient and ready for
uncertainties and reminds that “the process is once of contin-
uous adjustment” (p. 769).

Furthermore, Kelly and Bowe (2011) suggest for a novice
qualitative researcher “to have a thorough understanding of the
analysis method before collecting data” (p. 5). Collecting data
in qualitative research requires that the author understands the
meaning from observed social reality, and illustrations can be
used to assist a novice qualitative researcher in that process.
Black (2014) further explains the benefits of using illustrations,
such as in knowledge construction, as “research in illustration
offers the opportunity to put together these bodies of knowl-
edge...which enabled me to review the concepts’ utility
within the making of illustration and in relation to research in
illustration” (p. 54).

Black’s (2014) research and her findings on positioning
illustration as practice-led research contradict Eisner’s (1997)
view on the inclusion of arts in research, as the use of illustra-
tions poses many methodological difficulties (Huss & Cwikel,
2005). Huss and Cwikel (2005), however, proved that using art
(the Bedouin women’s drawing) can enhance the understand-
ing of the research context; they found “that art as research can
enhance understanding ... by offering a complex, multifaceted
expression of the Bedouin women’s concerns, together with
their understanding of these concerns” (p. 59).

In another example, Guillemin (2004) used drawings as a
research method to understand illness. She emphasizes that the

meaning of illustrations must be explained at three sites: pro-
duction, the image itself, and its audience. The illustration
process in this study can be studied in reference to Rose’s
(2001) guidance that visual imagery must always be
“constructed through various practices, technologies, and
knowledge” (p. 32). Huss and Cwikel (2005) concur that art
plays the role of communication, “which can be defined as the
association between words, behaviour and drawing created in a
group setting” (p. 45).

The use of illustrations allows the author to simplify the
complexity of observed social reality. However, the benefits
of using illustrations in qualitative research design are limited.
For example, Huss and Cwikel (2005) argue that the art product
itself, by definition, “creates more gaps and entrances than
closed statements or conclusions” (p. 46). Moreover, Mitchell
asserts that the use of illustrations for qualitative research
might be simple in terms of data collection but complex for
data interpretation. For example, “Does one ask for captions?
Does one use the drawing as a type of elicitation? What do the
drawings really mean?” (Mitchell et al., 2011, p. 2).

Drawings may elicit different interpretations from the
researcher (who draws) and the reader. Regardless of multiple
interpretations of an illustration among readers, “the act of
drawing necessitates knowledge production, with a visual
product as its outcome” (Guillemin, 2004, p. 272). Carney and
Levin (2002) suggest that the text accompanying an illustration
might assist the reader in understanding the meaning behind the
illustrations. Interestingly, despite the extensive literature on
the benefits and drawbacks of using illustrations in research, it
is apparent that most drawings and sketches mentioned by
previous scholars were created or used by the participant but
not by the researcher. The studies by Buckley and Waring
(2013), Mahoney and Vanderpoel (2015), and Rafee et al.
(2015) mostly used diagrams or sketches as tools in their qua-
litative interview processes. Buckley and Waring (2013) list
several illustrations to support their grounded theory research
process, such as the “simple diagram,” the “hand-drawn data
diagram,” “flow-diagram mapping,” and the “visual map.” In
another example, Mahoney and Vanderpoel (2015) used illu-
strated “set diagrams” in their qualitative research; however,
they found that “the potential uses of diagrams for qualitative
research have not been explored systematically” (p. 65). Mean-
while, Rafee et al. (2015) illustrated in his research, the visual
image of the hand gesture study in sketches for drawing
analysis.

Accordingly, this article aims to demonstrate the use of
illustrations from the researcher’s perspective. Mitchell et al.
(2011) used drawing as a visual methodology for picturing their
research process; however, few scholars mention the effective
use of illustrations at the initial stage of planning qualitative
research. Scholarly work on illustrations is lacking because
“illustration research is relatively new and still developing”
(Black, 2014, p. 15). In this study, instead of using textual
representation (text narratives only), illustrations were used
as a learning tool to assist in constructing the body of knowl-
edge from the observed social reality. The significance of using
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illustrations as a learning tool is supported by Makela et al.
(2014), who found that the use of drawings has become wide-
spread. Heideman et al. (2017) concur that drawing aids stu-
dents in accomplishing learning tasks from the simplest (e.g.,
developing memory for core content) to the most complex
(e.g., hypothesis generation, prediction, and analysis). Using
illustrations can help the author to understand observed social
reality and plan the qualitative research design effectively.

In this article, there are three major stages in using illustra-
tions, which are (a) “picturing research from the reality to the
illustration,” (b) “picturing research from the literature to illus-
tration,” and (c) “picturing research from the illustration to
decision making.” Each stage of illustration has several
sketches with a specific purpose for each sketch. In this study,
simple sketches were used for five purposes to (a) illustrate the
Industry 4.0 scenario, (b) determine the qualitative research
methodology, (c) simplify the complexity of the literature,
(d) illustrate an understanding of the literature, and (e) deter-
mine the type of case study.

Picturing Research From Reality
to lllustration

At the first stage of “picturing research from reality to illus-
tration,” the use of illustrations such as sketches and drawings
is demonstrated in reference to observed social reality. In this
study, illustrations were used to address the real issues, as “the
varieties of epistemological options that exist are difficult to
navigate” (Ward et al., 2015, p. 450).

Purpose 1: Simple Sketch to lllustrate Observed
Social Reality

The author’s experience of using illustrations is supported by
Zweifel and Wezemael’s (2012) findings on the benefits of
using illustrations in presentations as drawing or sketching
could make the perception of a complex system visible to be
discussed and researched. Compared to textual information,
drawing allows an in-depth and less linear insight into complex
situations (Zweifel & Wezemael, 2012).

In Figure 2, the author’s understanding of the Industry 4.0
scenario in Malaysia is illustrated using pencil-drawing
sketches and factual information as text accompanying the
illustration (Carney & Levin, 2002). It was felt that the com-
plexity of social reality could be simplified into one landscape
(as shown in Figure 2). Furthermore, it is easier for the author
to explain the content of the sketches to colleagues or an audi-
ence during presentations.

Through sketching, the author has illustrated the current
landscape based on her experiences during preliminary
research and the literature review. The initial plan was to use
convenience sampling because each company that was selected
had mentioned the significance of the Industry 4.0 technology
on its company website. However, after email communication
had been sent and received from each work organization, fol-
lowed by a telephone call for an initial discussion (to request

approval to conduct the case study), some companies
responded that Industry 4.0 had not yet been implemented in
their Malaysian branch. Other companies would not allow the
researcher to conduct the research for confidentiality or other
reasons (e.g., a busy production line or not being available for a
visit). In Figure 2, various sites are marked with an “x” to
denote companies that “rejected a visit/case study.” A “right
tick” indicates that the researcher was accepted either for a visit
or to conduct a case study. Overall, four scenarios were iden-
tified from the illustration based on the author’s observation
and supported by extensive literature (such as news, reports, or
government policies). Considering the author’s experiences
when conducting preliminary research, it was found that the
information obtained from the reviewed Industry 4.0 literature
is similar to current Industry 4.0 scenario observed from the
preliminary research. For example, different policy maker
introduces different concepts and pillars of Industry 4.0 (Lau-
dante, 2017; Penang Skills Development Centre, 2017). More-
over, Industry 4.0 is new in Malaysia, and only a few
companies are involved thus far (Mageswari, 2019).

Purpose 2: Simple Sketch to Determine the Qualitative
Research Methodology

Using a constructivist approach, the four scenarios from the
initial sketch in Figure 2 are further described in Figure 3.

These four scenarios are further defined as reasons for using
a qualitative research approach. To understand the technical
competencies of the Industry 4.0 scenario, the author had to
engage with technical staff working in shop floor production.
However, “technical” roles vary, and they include production
technicians, IT technicians, and electronic technicians, for
example. Thus, the author added another reason (Reason 5)
as the various roles of technicians, a factor of the sample size
that must be considered when determining a qualitative
research design, as illustrated in Figure 3. Considering all this
evidence, the case study was selected as the most appropriate
qualitative approach to understand the Industry 4.0 scenario
holistically. First, a case study naturally belongs to a naturalis-
tic approach (Griinbaum, 2007). Second, a case study is suit-
able to cover contextual conditions, which are highly pertinent
to the phenomenon to be studied (Yin, 2002). Third, case study
research involves an in-depth examination of a single case or a
small number of cases (Verner & Abdullah, 2012, p. 870). The
importance of using a small number of cases aligns with the
view of Verner and Abdullah (2012), who highlight the sig-
nificance of using a small number of units in case study
research which is “to gain a greater understanding of why
something happened as it did and what else might be important
for further investigation” (p. 870).

The author’s participant observation was used to assess the
technician who works in an organization that has different
industrialization stages. Chesebro and Borisoff (2007) and
Golafshani (2003) describe that constructivism, “which views
knowledge as socially constructed” (p. 603); therefore, partici-
pant observation is required to understand the emerging trend
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of Industry 4.0 technology in Malaysia from the technician’s
point of view.

Picturing Research From the Literature
to the lllustration

One of the major challenges faced by novice researchers is
synthesizing relevant data with complex literature because, for
a novice, “identifying the problem can seem highly proble-
matic in and of itself” (Mccaslin & Scott, 2003, p. 447).
Furthermore, “there is often misunderstanding about case study
among the graduate students and researchers who are unfami-
liar with case study methodology” (Baxter & Jack, 2008,
p. 544). In the second stage of “picturing research from
the literature to the illustration,” the complexity of the literature
of case study research design is simplified using a simple
sketch, as demonstrated in Purposes 3 and 4.

Purpose 3: Simple Sketch to Simplify the Complexity
of the Literature

There are two major issues concerning the case study research
design. The first issue is that different terms are used inter-
changeably: “case,” “unit of analysis,” “context,” “setting,”
“boundaries,” and “phenomenon,” which causes confusion
among novice researchers. Griinbaum (2007) claims that there
is “the existence of ambiguity in the meaning of a “unit of
analysis’ and the case itself” (p. 83). Griinbaum’s (2007) study
identified several scholars who assert that a case is identical
with a unit of analysis (Feagin et al., 1991; Patton, 2002;
Vaughan, 1992; Yin, 2002). For example, Yin (2002) defines
a “case” as a “unit of analysis” (p. 21) in reference to Platt
(1992), who holds the view that a case and a unit of analysis are
identical. Similarly, Miles and Huberman (1994) define a case
as “a phenomenon of some sort occurring in a bounded context.
The case is, in effect, your unit of analysis” (p. 25).

On the other hand, some scholars differentiate a case from a
unit of analysis. Stake (1995) argues that a “case” is identical to
a “bounded system,” where he describes a “case” as a “study
object” rather than a “unit of analysis.” Merriam (1998) stres-
ses, “if the phenomenon you are interested in studying is not
intrinsically bounded, it is not a case” (p. 27), and she defines a
“case” as an “instance” rather than a “unit of analysis.” She
argues that “a qualitative case study is an intensive, holistic
description and analysis of a single instance, phenomenon, or
social unit” (p. 28). Therefore, considering the ambiguity in
distinguishing between a case and a unit of analysis, Griin-
baum’s (2007) study suggests finding out what determines a
unit of analysis and how it can be understood (p. 88). Mean-
while, Gerring (2004) proposes that a case study, “as an inten-
sive study of a single unit, be studied for the purpose of
understanding a larger class of (similar) units” (p. 342).

In this study, however, the case is defined as identical to the
unit of analysis; without the purpose of understanding a larger
class of (similar units) as the author shared Patton’s (2002)
view that “there is no distinction between case and unit of

< 2

analysis” (Griinbaum’s, 2007, p. 83). The case (unit of analy-
sis) may consist of a person, program, group, location, event, or
work organization, as illustrated in Figure 4.

The second issue is that there are various types of case
studies and different terms associated with the case study
research design, as illustrated in Figure 4. Merriam (1998)
defines a “case study” as an analysis of a phenomenon known
as a person, program, group, location, event, or work organi-
zation. There are various types of case studies such as Stake’s
(2006) case study; the intrinsic case study (to gain a better
understanding of the particular case of interest and not to be
used for theory building), the instrumental case study (used to
refine theory), and collective case studies (consisting of several
instrumental case studies; Baxter & Jack, 2008). Meanwhile,
Yin’s case study consists of a single, holistic case study, a
single, embedded case study, multiple holistic case studies,
multiple embedded case studies (Yin, 2002), and more, as illu-
strated in Figure 4. The various types of case studies are com-
monly influenced by the underpinning philosophy, research
paradigm, and research purpose. For example, they can be
exploratory (mainly used to discover a theory or for theory
building), descriptive (lack of theoretical framework, yet useful
for description and for theory building), or explanatory (for
theory testing; Baskarada, 2014; Gerring, 2004; Yin, 2009),
which could be used to discover the Industry 4.0 scenario.

In this study, an Industry 4.0 scenario is defined as a “unique
case” because few companies are interested and implementing
Industry 4.0 technology (see Figure 2). Thus, the case itself is
of interest, which meets the “intrinsic case study” attributes
described by Stake; however, the findings may have limited
transferability (Baxter & Jack, 2008, pp. 548—550). Another
option is the collective case study, where a few instrumental
cases are studied to gain an understanding. However, a collec-
tive case study may be against the basis of selecting a single
case study, where “the unusual or rare case, the critical case,
and the revelatory case are all likely to involve only single
cases, by definition” (Yin, 2002, p. 45). Regardless of the def-
inition, Darke et al. (1998) and Perry (2002) clarify that the
decision on the number of cases may depend “on the nature of
the research question, the available resources, the study time-
frame, and case availability, either breadth (across multiple
cases) or depth (within case) may take precedence” (Baskar-
ada, 2014, p. 7). The complexity in case study research is
further ascertained by a few illustrations made to demonstrate
the author’s understanding.

Purpose 4: Simple Sketch to lllustrate an Understanding
of the Literature

Considering the different research terms and various types of
case study in this study, the use of illustrations helped the
author to gain an in-depth understanding of how previous
researchers define the terms “case,” “unit of analysis,”
“phenomenon,” and “case boundaries” (also known as
“setting” or “context”). For example, in this study, two
sketches were made in reference to the single intrinsic and,
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instrumental case study research design obtained from the
literature.

The first example (Figure 5) illustrates an intrinsic case
study that was conducted by Hellstrom et al. (2005), who
treated their case as intrinsic rather than instrumental due to
its uniqueness, stating that the case “is intrinsically interesting”
(p. 12). The dashed line indicates the case study boundaries.
The solid line with arrows on both ends indicates the case (unit
of analysis). The solid line with an arrow on one end indicates
factual information.

Hellstrdm et al. (2005) argue that instrumental case studies
“seek primarily to highlight what can be learned about and
applied to other like cases” (p. 12), which contradicts their
research aim to provide an insightful view rather than replicat-
ing the findings of other cases. Based on the literature, the
illustration was made in reference to the identification of the
case, the unit of analysis, the context or boundaries (setting),
and phenomena. In this study, the case was treated as identical
with the unit of analysis.

This case study aimed to study an elderly married couple
living with dementia. The context or boundary (setting) refers
to the concept of couple-hood and the hospital, where “the
couples were recruited into the study via an assessment unit
at a hospital in South East Sweden” (p. 10). Then, the phenom-
enon is “to explore the impact of dementia on the couples’
understanding of home, their everyday life and relationships,
and their dignity and autonomy” (p. 10).

Figure 6, however, illustrates a single instrumental case
study that was conducted by Gordin (2006). The dashed line
refers to “case study boundaries.” Meanwhile, the solid line
arrow with one ended refers to the “factual information.”
Assessment professionals and community college faculty “is
defined as a case or unit of analysis which served as an instru-
ment to understand the intersections between faculty and
assessment professionals in improving teaching and learning”
(p- 9). The context or boundaries refer to the “development
cycle for the college’s Quality Enhancement Plan” (p. 78).
Gordin (2006) describes the phenomenon in her study as the
“collaboration in the process of improving community college
developmental reading and writing instruction” (p. 6). The
cases are used to facilitate the researcher’s understanding of
the phenomenon within the case boundaries. In Langston’s
(2012) research, “the case served as an instrument for study-
ing particular issues related to professional development” (p.
90). Based on the simple sketches in Figures 5 and 6, it was
found that the terms “case,” “unit of analysis,” “case
boundaries,” “context,” “setting” and “phenomenon” are
clearly distinguished and allow the author to use them as a
reference in the decision-making process. Additionally, the
illustrations help the author to interpret and ascertain the
meaning from the literature accurately, regardless of the dif-
ferent languages found in the literature. Based on these illus-
trations, the author’s knowledge is further constructed and is
useful in making decisions effectively and choosing the most
appropriate type of case study.

EEINA3

Picturing Research From lllustration
to Decision Making

At this stage, further illustrations are made specifically in ref-
erence to the case study design proposed by Yin (2002) and
Stake (1995). Decision making at this stage helps the novice to
ascertain the decision-making process, as Mccaslin and Scott
(2003) claim that “planning a qualitative study for the first time
tends to be an intimidating venture for graduate students just
entering the field” (p. 447).

Purpose 5: Simple Sketch to Determine the Type of Case
Study

The case study design for this study was viewed through a
constructivist lens, following Griinbaum’s (2007) suggestion
that a case study “naturally belongs to a naturalistic approach”
(p. 83). Yin’s case study research design and its case study
typology were studied and illustrated to explore the limitation
of the case study if viewed through the constructivist lens. The
case boundaries of the technicians, such as the technician’s job,
maintenance tasks, machine, process, technology, and work
organization, were treated as the units of analysis (Figure 7).

Figure 7 shows four sketches (Illustrations 1, 2, 3, and 4)
based on observed social reality and interpreted either from
the author’s personal observation only (Illustrations 1 and 3)
or from the Industry 4.0 literature and personal observation
(IMustrations 2 and 4). The dashed line with arrows on both
ends indicates the competency requirement for the technician,
while the solid line with a single arrow on one end indicates
the Industry 4.0 influence factor. All work organizations were
anonymous to protect confidentiality. In Figure 7, [llustration
1 describes a single case design with multiple embedded units
of analysis and represents an embedded single case study,
which allowed the author to gain a deeper understanding of
the Industry 4.0 scenario. However, the multiple case study
[lustrations 2, 3, and 4 enrich the information on the compe-
tency requirements for the technicians, compared to Illustra-
tion 1. The multiple case study could be used to enrich this
information on the competency requirements for technicians
within each situation and across different situations as well as
to understand the similarities and differences between cases
(Yin, 2002).

Despite the advantages, conducting a multiple case study
has some challenges. For example, in Illustration 2, gaining
approval from the five companies can be difficult, unless these
companies were appointed as part of a government—university
collaboration project. In addition, the naturalistic setting of
Industry 4.0 may be influenced by the project’s aim. Chesebro
and Borisoff (2007) further explain that the “research is viewed
as more ‘naturalistic’ if the behaviour studied is restricted as
little as possible by the researcher or by the design of research
project” (p. 5). As a result, an in-depth understanding may not
be achieved fully.

Furthermore, the findings are also restricted to only one
pillar of Industry 4.0 technology. Moreover, each sector has a
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different business plan and production plants, as indicated in
Illustrations 2 and 3 (Figure 7). Each company has different
ownership in terms of advanced technologies, as Hassan et al.
(2015) explain that “the gap in knowledge and ownership of
advanced technologies . . . has always been large” (p. 4).

Differences of ownership in advanced technologies may
result in different implementations of Industry 4.0 technology
in shop floor production. Dworschak and Zaiser (2014) concur
that, “the factual skills needed (such as cyber-physical systems)
are dependent on the companies’ choice of design of technol-
ogy and the work organization” (p. 349). The shop floor pro-
duction scenario described by Dworschak and Zaiser (2014) is
similar to that in Illustration 3 (Figure 7), which refers to the
same sector but different company sizes and plants. Work
Organization A (in [llustration 3) is described as an SME, while
Work Organization B refers to a multinational corporation.
Thus, considering all the evidence, Illustrations 2 and 3 may
not be feasible for a case study research design. The differences
among sectors, the type of organization, and the business areas
require many subunits to be analyzed. Consequently, these
differences can be some of the factors leading to pitfalls for a
novice qualitative researcher, where “they analyze at the indi-
vidual subunit level and fail to return to the global issue that
they initially set out to address” (Baxter & Jack, 2008, p. 550).

In Ilustration 4, the different sectors of the work organi-
zation were identified. Work Organization A indicates the
Industry 4.0 customers, while Work Organization B indicates
the Industry 4.0 suppliers. Despite the differences in the
nature of business (representing Sectors I and II), both work
organizations shared similar Industry 4.0 technology, and
both were SMEs, which allowed the researcher to gain an
in-depth understanding of a technician’s competency require-
ments. Based on the literature, mutual networking between
the supplier and the customer in Industry 4.0 allows the author
to observe the Industry 4.0 scenario as a whole scenario
(Moeuf et al., 2017). Thus, considering the Industry 4.0 sce-
nario (between customer and supplier) as a case foundation, it
is possible to analyze the technicians from both work organi-
zations (the cases) to generate an in-depth meaning of the
competencies required for the technician.

Therefore, comparing Illustrations 1 and 3 and Illustrations
2 and 4, Illustration 4 is the most appropriate case to be studied
because the technician in both sectors (Figure 7, Illustration 4)
is engaged in the same maintenance activity, compared to the
other technician (in Illustrations 2 and 3) who is engaged in a
different maintenance activity due to different manufacturing
sectors and maintenance requirements. However, in Illustration
4, based on the author’s interview with the Industry 4.0 sup-
pliers, it was found that engineers, not technicians, perform
maintenance tasks. Thus, the participant is beyond the research
scope, and Illustration 4.0 is not appropriate for this case study.
Further illustration is made in reference to Stake’s case study
research design. Nonetheless, Illustrations 1, 2, 3, and 4 helped
the author to obtain insight regarding defining a case, case
boundaries, context, and phenomenon. In comparison to
Stake’s case study research design, which is too abstract to

illustrate for a novice qualitative researcher, Yin’s case study
research design, however, provides the author with insights on
how the case, unit of analysis, and context are illustrated (Yin,
2002). Regardless of developing an insightful view on these
terms, the illustrations in this study helped the author to ascer-
tain these terms from a naturalistic approach, as described by
Stake (2006): “The qualitative understanding of cases requires
experiencing the activity of the case as it occurs in its contexts
and in its particular situation” (p. 2).

For example, Figure 8 illustrates an intrinsic case study, illus-
trating a technician who works in shop floor production. The
technician is the unit of analysis, as a lived experience to be
studied, whereas the case is defined as Industry 4.0’s new com-
petency requirements for a technician. The dashed line indicates
technician case study boundaries. The solid line with arrows on
both ends indicates the case (unit of analysis). Meanwhile, the
solid line with an arrow on one end indicates factual informa-
tion. The case is bounded by the technician’s work and activities,
such as repair, service, and maintenance, in the shop floor pro-
duction (which belongs to the work organization associated with
the Industry 4.0 concept). The phenomenon refers to the explo-
ration of new competencies required by the technology of Indus-
try 4.0. For example, if the maintenance work and activity are
related to new technology (refer to the Industry 4.0 concept) that
is outside the scope of the technician’s existing daily mainte-
nance tasks, the technician’s competency requirements are
described as new competencies. The case study may be defined
as an intrinsic case study due to its uniqueness, where companies
may differ in terms of their industrialization stages (Industry 1,
2, 3, or 4), technology and the machines that influence new
requirements for a technician’s competencies. Additionally, it
was found that the proposition is not compulsory in an intrinsic
case study. Baxter and Jack (2008) explain that the “propositions
may not be present in exploratory holistic or intrinsic case stud-
ies due to the fact that the researcher does not have enough
experience, knowledge or information from the literature upon
which to base propositions” (p. 552), which is similar to the lack
of author knowledge regarding the Industry 4.0 scenario previ-
ously described in Figures 2 and 3.

Regardless of the uniqueness, the case study could also be
defined as an instrumental case study (Figure 9). No differences
were found between Figures 8 and 9 in terms of the case, unit of
analysis, case boundaries, setting, and phenomenon. However,
the case (illustrated by a dashed line, indicating the technician’s
case study boundaries) served as a “secondary interest” to under-
stand the phenomenon (illustrated by a dashed line, indicating an
Industry 4.0 scenario; Baxter & Jack, 2008, p. 549). The tech-
nician’s competency requirements are viewed as an instrument
for studying particular issues (new competency requirements for
a technician) related to new technology (refer to the Industry 4.0
concept). The solid line with arrows on both ends indicates the
case (unit of analysis), while the solid line with an arrow on one
end indicates factual information.

Based on the illustrations and after considering Yin and
Stake’s case study characteristics and research paradigm, the
most appropriate case study research design is an intrinsic case
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Table 1. Self-Reflection Using lllustrations and Its Significance to Qualitative Research Methodology and Case Study Research Design.

Research Question: What Are the Competency Requirements of Industry 4.0 for Technicians?

Reality Stages of lllustration

Purpose of Sketch

Emerging Subquestions to Guide the
lllustration

Significance to Qualitative
Research Methodology and
Case Study Research Design

Industry 4.0 Picturing research from
reality to illustration

Picturing research from
the literature to the
illustration

Purpose |: Simple sketch to
illustrate observed social
reality

Purpose 2: Simple sketch
to determine the qualitative
research methodology

Purpose 3: Simple sketch to
simplify the complexity of
literature

What is the Industry 4.0 scenario?

Which qualitative methods are the
most appropriate in this study?

Which type of case study is the most
appropriate in this study to best
illustrate the Industry 4.0 scenario

To understand the Industry
4.0 scenario

To identify the most
appropriate qualitative
research methodology

To identify the most
appropriate type of case
study

Purpose 4: Simple sketch to
illustrate understanding of
the literature

Picturing research from
the illustration to
decision-making

Purpose 5: Simple sketch to
determine the type of case
study

To understand the terms
(case, unit of analysis, case
boundaries, context,
setting, and phenomenon)
Which illustration can allow the author To understand the reason for
to gain an in-depth understanding of ~ choosing the intrinsic case
the competency requirements of study compared to the
Industry 4.0 for a technician? If using  other type of case study
multiple case studies, which of the
illustrations is the best to gain an in-
depth understanding of the
competency requirements of
Industry 4.0 for a technician?

study. In this study, two different intrinsic case studies were
conducted upon the companies’ approval and viewed through
the constructivist lens. Different stages of Industry 4.0
employed in each work organization are illustrated in Figure
10, including two scenarios. The technician in the first panel of
Figure 10 works in a company that is at the planning stage to
employ the Industry 4.0 concept, while the technician in the
second panel of Figure 10 works in a company currently at the
implementation stage of Industry 4.0.

In Figure 10, specifically, both dashed lines indicate the tech-
nician case study boundaries bounded by the maintenance activ-
ity in each work organization. The solid line with arrows on both
ends indicates the case (unit of analysis), while the solid line with
an arrow on one end indicates factual information. Two different
intrinsic case studies allowed the author to conduct observation
and interviews to explore the competency requirements of Indus-
try 4.0 for technicians holistically, as it best represents the com-
petency requirements for a technician during the transition
process of Industry 4.0 (one of the unique qualities of the phe-
nomenon of interest). The qualitative approach and case study
methodology were selected due to the small number of partici-
pants (i.e., the industry) and the research needs (i.e., the research
aim and research question) to gain an in-depth understanding of
the phenomenon of interest. The Industry 4.0 scenario was
viewed from the constructivist lens, as it is a new phenomenon
to be explored in finding out technicians’ competencies required
in the manufacturing sector of Industry 4.0.

Conclusions, Limitations,
and Recommendations

This article shows that the use of illustrations helps in restruc-
turing a research plan in the decision-making process when
choosing a qualitative research design. The use of illustrations
is summarized. Table 1 summarizes three major stages in pic-
turing the research: from reality to illustration, from the liter-
ature to the illustration, and from the illustration to decision
making. Each illustration stage addresses the specific purposes
of the sketch, with guided emerging subquestions in under-
standing the complexity of the Industry 4.0 scenario. Conse-
quently, the use of illustrations helps the author to understand
the research phenomenon (the Industry 4.0 scenario), select the
appropriate research design (to identify the most appropriate
qualitative research methodology and type of case study), and
implement research methods more effectively (to understand the
case study terms and rationale for choosing the particular type of
case study). Illustrations are best used when there is a need to
understand the scenario from the constructivist lens, as data are
inductively collected and socially constructed from the observed
social reality. As qualitative research is iterative in nature, illus-
trations could be used effectively to assist novice researchers in
constructing knowledge. Furthermore, the use of illustrations
may consolidate a novice’s understanding of different research
terms, thus avoiding misinterpretation. Despite the benefits of
using illustrations, the illustrations in this study were made
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individually from the corresponding author’s perspective with
subsequent feedback from the coauthors. This study recom-
mends further research on the use of illustrations through group
activity, such as focus groups, to ascertain if mutual understand-
ing from the observed social reality could be achieved.

In summary, the qualitative research journey and its
“naturalistic” approach may vary according to the constructed
reality, which may pose a real challenge to a novice qualitative
researcher. However, with the use of illustrations, the
researcher can be assisted in understanding and planning the
research. The weakness of the illustration could be strength-
ened by including factual information in the illustration. In a
nutshell, the use of illustrations can assist novice qualitative
researchers in understanding the research phenomenon, select-
ing an appropriate research design, and implementing research
methods more effectively.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Ilyana Janis (& https://orcid.org/0000-0001-7830-4520

Muhammad Zulkipli (2 https://orcid.org/0000-0003-1565-8529
Firdaus Muhammad-Sukki (® https://orcid.org/0000-0002-5415-2259

References

Agca, O., Gibson, J., Godsell, J., Ignatius, J., Davies, C. W., & Xu, O.
(2017). An Industry 4 readiness assessment tool. International
Institute for Product and Service Innovation.

Age, L. J., & Gustavsson, B. (2016). The art of discovering—
Experiences of novice researchers. Qualitative Research Journal,
16(2), 125-137. https://doi.org/10.1108/QRJ-04-2015-0024

Agee, J. (2009). Developing qualitative research questions: A reflec-
tive process. International Journal of Qualitative Studies in Edu-
cation, 22(4), 431-447.

Ausband, L. (2006). Qualitative research and quilting: Advice for
novice researchers. The Qualitative Report, 11(4), 764-770.

Baena, F., Guarin, A., Mora, J., Sauza, J., & Retat, S. (2017). Learning
factory: The path to industry 4.0. Procedia Manufacturing, 9,
73-80.

Baskarada, S. (2014). Qualitative case study guidelines. The Qualita-
tive Report, 19(40), 1-25.

Baxter, P., & Jack, S. (2008). Qualitative case study methodology:
Study design and implementation for novice researchers. The
Qualitative Report, 13(4), 544-559.

Black, S. (2014). Illumination through illustration: Positioning illus-
tration as practice-Led research. University of the West of
England.

Buckley, C. A., & Waring, M. J. (2013). Using diagrams to support the
research process: Examples from grounded theory. Qualitative
Research, 13(2), 148-172.

Carney, R. N., & Levin, J. R. (2002). Pictorial illustrations still
improve student’s learning fro text. Educational Psychology
Review, 14(1), 5-26.

Chesebro, J. W., & Borisoff, D. J. (2007). What makes qualitative
research qualitative? Qualitative Research Reports in Communi-
cation, 8(1), 3—14.

Creswell, J. W. (2007). Qualitative inquiry and research design
choosing among five approaches (2nd ed.). Sage. https://doi.org/
10.1016/S0022-3476(89)80781-4

Creswell, J. W. (2014). Research design: Qualitative, quantitative and
mixed methods appraoches (Vol. 91). Sage.

Darke, P., Shanks, G., & Broadbent, M. (1998). Successfully complet-
ing case study research: Combining rigour, relevance and pragma-
tism. Info Systems Journal, 8, 273-289.

Dworschak, B., & Zaiser, H. (2014). Competences for cyber-physical
systems in manufacturing-first findings and scenarios. Procedia
CIRP, 25(C), 345-350.

Eisner, E. W. (1997). The promise and perils of alternative forms of
data representation. Educational Researcher, 26(6), 4-10.

Erol, S., Jager, A., Hold, P., Ott, K., & Sihn, W. (2016). Tangible
Industry 4.0: A scenario-based approach to learning for the future
of production. Procedia CIRP, 54, 13—18.

Feagin, J. R., Orum, A. M., & Sjoberg, G. (1991). 4 case for the case
study. The University of North Carolina Press.

Gerring, J. (2004). What is a case study and what is it good for?
American Political Science Review, 98(2), 341-354.

Golafshani, N. (2003). Understanding reliability and validity in qua-
litative research. The Qualitative Report, 8(4), 597-607.

Gordin, P. C. (2006). An instrumental case study of the phenomenon
of collaboration in the process of improving community college
developmental reading and writing instruction. Graduate School at
Scholar Commons, 25(36), 2-249.

Gray, D. E. (2014). Theoretical perspecttives and research methodol-
ogies. In Doing research edition in the real world (Chap. 2, 3rd
ed., pp. 1-752). Sage. https://doi.org/10.1017/CB0O97811074153
24.004

Griinbaum, N. N. (2007). Identification of ambiguity in the case study
research typology: What is a unit of analysis? Qualitative Market
Research, 10(1), 78-97.

Guillemin, M. (2004). Understanding illness: Using drawings as
a research method. Qualitative Health Research, 14(2),
272-2809.

Hassan, R., Masek, A., & Mohamad, M. M. (2015). The role of net-
working and internationalization of technical universities in aca-
demic staff competence development Malaysian Technical
Universities Network (MTUN) Relationship between internationa-
lization of TVET institutions with their competence devel. The
Online Journal for Technical and Vocational Education and
Training in Asia, (5), 1-9.

Heideman, P. D., Flores, K. A., Sevier, L. M., & Trouton, K. E.
(2017). Effectiveness and adoption of a drawing-to-learn study tool
for recall and problem solving: Minute sketches with folded lists.
CBE Life Sciences Education, 16(2), 1-13.

Hellstrom, 1., Nolan, M., & Lundh, U. (2005). ‘We do things together’:
A case study of ‘couplehood’ in dementia. Dementia, 4(1), 7-22.


https://orcid.org/0000-0001-7830-4520
https://orcid.org/0000-0001-7830-4520
https://orcid.org/0000-0001-7830-4520
https://orcid.org/0000-0003-1565-8529
https://orcid.org/0000-0003-1565-8529
https://orcid.org/0000-0003-1565-8529
https://orcid.org/0000-0002-5415-2259
https://orcid.org/0000-0002-5415-2259
https://orcid.org/0000-0002-5415-2259
https://doi.org/10.1108/QRJ-04-2015-0024
https://doi.org/10.1016/S0022-3476&lpar;89&rpar;80781-4
https://doi.org/10.1016/S0022-3476&lpar;89&rpar;80781-4
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004

Janis et al.

I5

Huss, E., & Cwikel, J. (2005). Researching creations: Applying
arts-based research to Bedouin women’s drawings. International
Journal of Qualitative Methods, 4(4), 1-16.

Hyett, N., Kenny, A., & Dickson-Swift, V. (2014, May). Methodology
or method? A critical review of qualitative case study reports.
International Journal of Qualitative Studies on Health and Well-
Being, 9, 1-13. https://doi.org/10.3402/ghw.v9.23606

Jackson, R. L., Drummond, D. K., & Camara, S. (2007). What is
qualitative research? Qualitative Research Reports in Communi-
cation, 8(1), 21-28.

Janis, 1., & Alias, M. (2018). A systematic literature review:
Human roles, competencies and skills in industry 4.0.

(Ed.),
The European proceedings of social & behavioural sciences
(pp. 1052-1072). Future Academy. https://doi.org/10.15405/
epsbs.2018.05.84

Kelly, K., & Bowe, B. (2011). Qualitative research in engineering
education. Proceedings of 118th. ASEE Annual Conference and
Exposition (pp. 1-10), Vancouver, Canada, June 26-29, 2011.

Kivunja, A. C., Ahmed, A., & Kuyini, B. (2017). Understanding and
applying research paradigms in educational contexts. International
Journal of Higher Education, 6(5), 26-41.

Langston, S. F. (2012). 4 qualitative instrumental case study investi-

In 2017 Asia International Multidisciplinary Conference.

gating the interrelatedness of adult learning theory, targeted pro-
fessional development, and the creation of professional learning
communities during the implementation of an elementary school
imporvement model. University of Missouri.

Laudante, E. (2017). Industry 4.0, innovation and design. A new
approach for ergonomic analysis in manufacturing system. The
Design Journal, 20(Suppl 1), S2724-S2734.

Mageswari, M. (2019, May 13). Aiding SMEs in assessing IR4.0
readiness. The Star Online, pp. 1-2. https://www.thestar.com.my/
business/smebiz/2019/05/13/aiding-smes-in-assessing-ir40-
readiness

Mabhoney, J., & Vanderpoel, R. S. (2015). Set diagrams and qualitative
research. Comparative Political Studies, 48(1), 65-100.

Makela, M., Nimkulrat, N., & Heikkinen, T. (2014). Drawing as a
research tool: Making and understanding in art and design practice.
Studies in Material Thinking, 10, 1-13.

Mccaslin, M. L., & Scott, K. W. (2003). The five-question method for
framing a qualitative research study. The Qualitative Report, 8(3),
447-461.

Merriam, S. B. (1998). Case studies as qualitative research. In Quali-
tative research and case study applications in education: Revised
and Expanded from Case Study Research in Education (2nd ed.,
pp. 26—43). San Francisco: Jossey-Bass Publishers.

Miles, M. B., & Huberman, A. M. (1994). An expanded sourcebook
qualitative data analysis (2nd ed., R. Holland, Ed.). Sage.

Mitchell, C., Theron, L., Smith, A., & Stuart, J. (2011). Drawings as a
research method. In L. Theron, C. Mitchell, A. Smith, & J. Stuart
(Eds.), Picturing research: Drawing as visual methodology
(pp- 1-36). Sense Publishers.

Moeuf, A., Pellerin, R., Lamouri, S., Tamayo-Giraldo, S., & Barbaray,
R. (2017, December). The industrial management of SMEs in the
era of Industry 4.0. International Journal of Production Research,
7543, 1-19.

Neri de Souza, F., Neri, D. C. D. de S. B., & Costa, A. P. (2016).
Asking questions in the qualitative research context. Qualitative
Report, 21(13), 6-18.

Patton, M. Q. (2002). Qualitative evaluation and research methods
(3rd ed.). Sage.

Penang Skills Development Centre. (2017). Industry 4.0: Introduction
to concepts and technology pillars. http://www.psdc.org.my/train
ing/industry-40

Perry, C. (2002). Processes of a case study methodology for postgrad-
uate research in marketing. European Journal of Marketing, 25,
118-126.

Pfeiffer, S. (2016). Robots, Industry 4.0 and humans, or why assembly
work is more than routine work. Societies, 6(2), 16.

Platt, J. (1992). “Case study” in american methodological thought.
Current Sociology, 40(1), 17-48.

Prifti, L., Knigge, M., Kienegger, H., & Kremar, H. (2017). A com-
petency model for “Industrie 4.0” employees. Proceedings of
the 13th International Conference on Wirtschaftsinformatik
(pp. 46-60), St. Gallen, Switzerland, February 12-15, 2017.

Rafee, Y. M., Arshad, A. H. A., Dim, A. R., Siri, H., & Samaroon, M.
J. (2015). Visual ethnography and its applications in ethnographic
painting. Procedia—Social and Behavioral Sciences, 211,
399-406.

Rose, G. (2001). Visual methodologies. Sage.

Salvador, J. T. (2016). Exploring quantitative and qualitative meth-
odologies: A guide to novice nursing researchers. European Sci-
entific Journal, 12(18), 107—122. https://doi.org/10.19044/es;.
2016.v12n18p107

Schallock, B., Rybski, C., Jochem, R., & Kohl, H. (2018). Learning
factory for Industry 4.0 to provide future skills beyond technical
training. Procedia Manufacturing, 23(2017), 27-32.

Scotland, J. (2012). Exploring the philosophical underpinnings of
research: Relating ontology and epistemology to the methodology
and methods of the scientific, interpretive, and critical research
paradigms. English Language Teaching, 5(9), 9-16.

Segerstedt, T. T. (1959). The nature of social reality. SAGE Journals,
4(4), 1-28.

Stake, R. E. (1995). Data gathering. In The art of case study research
(Chap. 4, pp. 49-68). Sage.

Stake, R. E. (2006). Multiple case study analysis. In Multiple case
study analysis (p. 342). New York, NY: Guilford Press.

Tan, D. (2018, December). Readiness assessment criteria for Industry
4.0 soon. Star Online News, pp. 11-12. https://www.thestar.com.
my/business/business-news/2018/12/11/readiness-assessment-cri
teria-for-industry-40-soon/

The Sun Daily. (2017). Low awareness, adoption of Industry 4.0
among Malaysian manufacturers. The Sun Daily, pp. 11-12.
http://www.thesundaily.my/news/2017/10/12/low-awareness-adop
tion-industry-40-among-malaysian-manufacturers

Vaughan, D. (1992). Theory elaboration: The heuristics of case anal-
ysis. What is a case? Exploring the foundations of social inquiry.
Cambridge University Press.

Verner, J. M., & Abdullah, L. M. (2012). Exploratory case study
research: Outsourced project failure. Information and Software
Technology, 54(8), 866—886.


https://doi.org/10.3402/qhw.v9.23606
https://doi.org/10.15405/epsbs.2018.05.84
https://doi.org/10.15405/epsbs.2018.05.84
https://www.thestar.com.my/business/smebiz/2019/05/13/aiding-smes-in-assessing-ir40-readiness
https://www.thestar.com.my/business/smebiz/2019/05/13/aiding-smes-in-assessing-ir40-readiness
https://www.thestar.com.my/business/smebiz/2019/05/13/aiding-smes-in-assessing-ir40-readiness
http://www.psdc.org.my/training/industry-40
http://www.psdc.org.my/training/industry-40
https://doi.org/10.19044/esj.2016.v12n18p107
https://doi.org/10.19044/esj.2016.v12n18p107
https://www.thestar.com.my/business/business-news/2018/12/11/readiness-assessment-criteria-for-industry-40-soon/
https://www.thestar.com.my/business/business-news/2018/12/11/readiness-assessment-criteria-for-industry-40-soon/
https://www.thestar.com.my/business/business-news/2018/12/11/readiness-assessment-criteria-for-industry-40-soon/
http://www.thesundaily.my/news/2017/10/12/low-awareness-adoption-industry-40-among-malaysian-manufacturers
http://www.thesundaily.my/news/2017/10/12/low-awareness-adoption-industry-40-among-malaysian-manufacturers

16

International Journal of Qualitative Methods

Ward, K., Hoare, K. J., & Gott, M. (2015). Evolving from a
positivist to constructionist epistemology while using
grounded theory: Reflections of a novice researcher. Journal
of Research in Nursing, 20(6), 449-462. https://doi.org/
10.1177/1744987115597731

Yazan, B. (2015). Three approaches to case study methods in
education: Yin, Merriam, and Stake. The Qualitative
Report, 20(2), 134-152. https://doi.org/10.1016/S0268-0033
(02)00038-4

Yin, R. K. (2002). Case study research design and methods (2nd ed.,
Vol. 5). Sage.

Yin, R. K. (2009). Case study research design and methods
(4th ed.). Sage.

Yusof, Y. (2018). A4 novel framework and strategies supporting IR4.0
relation for manufacturing process. Universiti Tun Hussein Onn
Malaysia.

Zweifel, C., & Van Wezemael, J. (2012, May). Drawing as a qualita-
tive research tool an approach to field work from a social complex-
ity perspective. TRACEY: Drawing and Visualisation Research,
1-16. Retrieved from https://www.lboro.ac.uk/microsites/sota/tra
cey/journal/edu/2012/PDF/Christina_Zweifel TRACEY-Journal-
DK-2012.pdf


https://doi.org/10.1177/1744987115597731
https://doi.org/10.1177/1744987115597731
https://doi.org/10.1016/S0268-0033&lpar;02&rpar;00038-4
https://doi.org/10.1016/S0268-0033&lpar;02&rpar;00038-4
https://www.lboro.ac.uk/microsites/sota/tracey/journal/edu/2012/PDF/Christina_ZweifelTRACEY-Journal-DK-2012.pdf
https://www.lboro.ac.uk/microsites/sota/tracey/journal/edu/2012/PDF/Christina_ZweifelTRACEY-Journal-DK-2012.pdf
https://www.lboro.ac.uk/microsites/sota/tracey/journal/edu/2012/PDF/Christina_ZweifelTRACEY-Journal-DK-2012.pdf

	coversheet_journal_article.pdf
	JANIS [2020] Using illustrations (VoR).pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


