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Based on Piaget’s genetic epistemology, Ausubel developed the assimilation theory of verbal
learning [1,2]. This theory is considered the foundation of meaningful learning. The outcomes of
meaningful learning take the form of concept maps—networks of some selected linguistic expressions
and concepts [3]. Thus, concept map-based education helps avoid rote learning. Additionally, it helps
prepare content for effective on-ground and e-learning. Moreover, it helps measure learning outcomes
at the course, program, and institutional levels. As a result, concept map-based education has been
used at school, college, university, and professional levels.

This Special Issue on Concept Mapping and Education solicited manuscripts on the theoretical
foundations of concept mapping and its application areas, including (but not limited to) concept
mapping in school, higher and professional education; concept mapping in active learning,
problem-based learning, and project-based learning; and distance learning. Finally, this Special
Issue published five selected articles, each of which went through a rigorous peer-review process.
The editor would like to acknowledge the authors and reviewers for their invaluable contributions that
enrich concept map-based education in particular and education science in general.

“A Concept Tree of Accounting Theory: (Re)Design for the Curriculum Development” [4]
contributes to accounting and concept mapping literature by depicting a concept tree based on the
Accounting Theory curriculum. The proposed tree-shaped concept map graphically interprets the
sophisticated accounting theories and concepts and their complex interrelationships. In teaching
practices, this concept tree promotes curriculum development, systematizing relevant topics,
and exam-taking.

“Uncovering Types of Knowledge in Concept Maps” [5] uncovers the types of knowledge in
concept maps. Concept maps represent different types of knowledge (e.g., procedural and conceptual).
The authors used Legitimation Code Theory (LCT) to analyze concept maps in semantic gravity and
semantic density. It was found that different types of knowledge are considered necessary to achieve
professional knowledge or expert understanding. The author used examples to demonstrate students
learning patterns towards gaining expert knowledge. The authors described the implication of the
study for curriculum design and teaching evaluation.

“The Salutogenic Management of Pedagogic Frailty: A Case of Educational Theory Development

’

Using Concept Mapping” [6] reinterprets “pedagogic frailty” using concept maps, focusing on the
salutogenesis of teachers such as assets, wellness, and sense of coherence. The concept maps define
the complex relationship between pedagogic frailty and salutogenesis. This study paves the way
to an educational theory for enhancing university-wide mental health literacy and avoiding the
misapplication of existing teaching quality enhancement models. As a result, it has a greater utility for
university managers.

“The Role and Efficacy of Creative Imagination in Concept Formation: A Study of Variables for
Children in Primary School” [7] is a contribution towards creative concept formation, which is one of
the main concerns of assimilation theory-based concept mapping. The 8-12-year-old school children
were tested using four subtests. Three of the subtests were designed to evaluate narrative (verbal)
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creativity, and the other was designed to evaluate drawing (i.e., graphic) creativity. The tests indicate
the child’s learning ability regarding fluency, flexibility, originality in narrative representations, and
graphics. The study can be used to evaluate concept map-based learning, focusing on creative thinking.

“Fundamental Issues of Concept Mapping Relevant to Discipline-Based Education: A Perspective
of Manufacturing Engineering” [8] addresses some fundamental concept mapping issues
relevant to discipline-based education (e.g., manufacturing education). This article argues that
knowledge-type-aware concept mapping is a solution to create and analyze the semantic web-embedded
dynamic knowledge bases for both human and machine learning from the perspective of Industry 4.0.
Accordingly, this article defines five types of knowledge, namely, analytic a priori knowledge, synthetic
a priori knowledge, synthetic a posteriori knowledge, meaningful knowledge, and skeptic knowledge.
These types of knowledge help find some rules and guidelines to create and analyze concept maps for
human and machine learning. The presence of these types of knowledge is elucidated using a real-life
manufacturing knowledge representation case.

In sum, a problem cannot be solved without applying knowledge. Therefore, educators embark
on how to disseminate knowledge to students. At the same time, students embark on how to learn
relevant knowledge. Both knowledge dissemination and learning can be carryout using appropriately
designed concept maps. In this case, the concept maps must manage the myriad proximal and
distal relationships between knowledge and other relevant entities (human/machine learning, logical
inferences, experimental data, analytical results, creative thinking, and cognitive reflections). As a
result, knowledge-type-aware concept mapping is an effective means of education and learning [9].
Let us cherish this notion.

Funding: This research received no external funding.
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Abstract: This study contributes to both accounting and concept mapping literature through the
depiction of a concept tree based on the Accounting Theory curriculum, which has undergone recent
and rapid expansion of its knowledge and has hence outgrown the previous limited mapping work.
This tree-shaped concept map not only accounts for a particular mapping approach little studied and
scarcely exemplified in literature, but also signifies a creative model that graphically interprets the
sophisticated system of accounting theories and concepts as well as their complex interrelationships.
In teaching practices, this concept tree has attested a potential to promote curriculum development,
as evidenced in sequence and cohesion of topics and by being linked meaningfully to exam design.

Keywords: concept map; concept tree; accounting theory; accounting education; curriculum development

1. Introduction

Concept maps have been proven to be a useful educational technique, integrating semantic
relationships between concepts into node-link diagrams [1,2]. A traditional or Novakian concept
map is made up of nodes of concepts, links, and linking phrases that articulate how these concept
nodes relate to each other [3]. Through the provision of visual and abstract evident graphic depictions,
concept maps can be used to aid organization, preparation, and presentation of information concerning
a topic, a lecture, a course, or even a discipline of knowledge [2]. In higher education, concept mapping
has been well regarded as a powerful and versatile tool to facilitate learning (particularly beneficial
for lower performance students) [4,5], to enhance learners’ problem-solving abilities [6,7], to foster
knowledge sharing and social artefacts between students [7], to further teacher-learner dialogue [8],
and to renew assessment modes from rote recall of isolated knowledge pieces towards connections
between ideas [9].

Given its extensive use in a variety of (particularly science-based) disciplines, concept mapping
has not received much attention in accounting education [10,11]. Of particular concern is its limited
application in the Accounting Theory (and Application) course, where only one curriculum concept
map (Simon 2007) has been found from literature thus far [4]. The essential problem is a map-knowledge
mismatch. Proposed more than one decade ago and laid on a traditional financial position, Simon’s
map is unable to sufficiently and appropriately account for the current state of curriculum knowledge,
as the system has been profoundly reshaped by theorizing accountability that triggers emergence and
development of non-financial accountings [12-15]. Another inadequacy of this map is that it portrays
only simple hierarchical relationships used to distinguish between “more general” and “more specific”
concepts and is thus unable to make references to curriculum themes such as accounting evolution
and sector-specificity, which are required to address the connections and the interconnections among
accounting theories and models across different categories. It has been highlighted that concept maps
can serve as powerful tools for educators and students to tackle the challenge emerging from the
increasing amount and complexity of knowledge, where more sophisticated and alternative thoughts

Educ. Sci. 2019, 9, 111; d0i:10.3390/educsci9020111 3 www.mdpi.com/journal/education
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to the existing understanding are continuously generated [5,9]. In this regard, concept maps enable a
“knowledge integration” process towards a higher level of knowledge, through which the connections
between the old and the new ideas are rigorously explored, and the repertoire of all these inconsistent
ideas is systematically rearranged [9]. From this perspective, it is necessary to update the curriculum
concept map specified on both the extended, nonfinancial knowledge domain of accounting alternatives
to traditional financial accounting [1,16], and the intricate (inter)relationships within.

On the other hand, a particular form of concept maps is to symbolize the system of knowledge or
information in a tree structure [17,18]. The presentational effectiveness of tree models is highly praised
in such a knowledge system where an evolutionary strain is implicated among concepts, or they are
distinctively diversified in contexts of meanings or fields of applications [19,20]. This characteristic
inherent to the tree model provides the opportunity to redesign the concept map for the Accounting
Theory curriculum, where the financial and the non-financial accounting contexts have been distinctly
differentiated but still share the same root of accountability.

The purpose of this paper is to contribute an instructor-prepared tree-like concept map stipulated
on the Accounting Theory curriculum. Two insights are concluded from this study. First, the concept
tree stands for a creative model that visualizes the sophisticated system of accounting theories and
concepts, as well as their complex interrelationships. Second, this tree has proven its potential
to promote curriculum development, as evidenced by the sequence and cohesion of topics and a
meaningful linkage to exam design. An additional contribution made by this paper is the enrichment of
the concept mapping methodology. In doing so, this paper constructs a concrete account to explore the
tree-shape as a particular mapping technique that has been rarely studied and inadequately exemplified
in literature.

2. Concept Map in Accounting Education and a Critique of the Old Curriculum Map

The theoretical ground of concept mapping is traced back to Ausubel’s meaningful learning
theory [21,22], which is based on the idea that memory-testing or rote learning cannot achieve an
efficient learning process. In Ausubel’s view, a successful learning process requires a platform or
scaffolding through which new knowledge can be absorbed and integrated to the previously-attained
knowledge. This platform or scaffolding comes from the notion of “advance organizers”, which refers
to a knowledge construction method where general or abstract ideas work to depict an overview to
assimilate new knowledge, and fragments of texts are reasonably linked [23,24].

Ausulbel’s meaningful learning theory [21-23] provides critical insights for Novak’s groundwork
for the development of concept mapping [1,24], which has been versatile and flexible in its application
for a variety of educational purposes. The underpinning idea of concept mapping is that meaningful
learning can be realized by means of graphic representation, where the already-acquired knowledge
pieces are organized into an integrated system, and this system opens to new knowledge as its future
components [1,10,25,26]. Novak and Gowin [1] refine three fundamentals of Ausubel’s learning theory
as the base of concept mapping:

e  Hierarchical structure refers to knowledge as part of an inclusive and systematic framework.
e  DProgressive differentiation is defined as engendering new concepts and ideas as knowledge deepens.
e Integrative reconciliation elucidates interrelationships between concepts.

Concept mapping has been regarded as an effective teaching and learning tool in accounting
education. Relevant studies fall into to three schemes: making instructor-prepared accounting concept
maps, teaching accounting students how to make concept maps, and assessing effectiveness of concept
maps. These research themes are shown in the Table 1.

In the first scheme, the researchers themselves act as the creators of concept maps and use these
maps as educational tools for the purpose of enhancing students” understandings of academic content.
In the second scheme, the researchers, as concept map educators, equip students with the knowledge of
how to design concept maps. Consequently, students create their own concept maps from a particular
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topic of accounting, and they are expected to be able to use this useful tool in other fields of accounting
and non-accounting disciplines. The third scheme targets assessing the effectiveness of concept maps
in contributing to the improvement of education quality; this is normally done by comparing students
with experience using concept maps in the curriculum with those who have no such experience.

Table 1. Research schemes of concept mapping in accounting education.

Research Schemes Articles

Simon (2007) designs a curriculum concept map for Accounting Theory [10];
Handy and Polimeni (2017) propose six concept maps that correspond to six topics
of the Introductory Managerial Accounting curriculum [27];

Mass and Leauby (2014) introduce a concept map for the topic of financial reporting
standards in the financial accounting curriculum [28].

Making
instructor-prepared
concept maps to
enhance learning

After informing students about the steps of concept mapping, Shimerda (2007)
Teaching accounting presents student-prepared concept maps for the accounting equation topic, then
students to produce indicates usefulness of concept mapping in accounting education [29].
concept maps Simon (2007) shows some instructor-prepared maps as the guidance for accounting
students to create their own concept maps [25].

Mass and Leauby (2005) compare two groups of students undertaking two
accounting topics of income statement and cash flow statement. Its finding claims
Assessing effectiveness  that the group using concept maps had a better understating of the two topics than
of concept maps in the other group taught under the traditional instruction method [30].
accounting Leauby et al. (2010) appraise concept maps as a valuable learning tool as a result
from the survey response from students who used the concept map method in the
introductory accounting courses [11].

This paper appertains to the first research scheme in an attempt to redesign a concept map to
improve the Accounting Theory curricula. Given that current literature has highly appraised the
student-generated concept mapping activities and teacher-student interactive mapping process for
their contributions to an active learning environment, teacher-prepared or expert-made concept maps
maintain an essential role in teaching practices [5,9,31]. Schewendimann emphasizes that teacher-made
concepts “could support integrative understanding” and that, compared to student-generated maps,
teacher-made maps seemingly “have an equally positive effect on improving students” achievement” [5]
(p. 82). In particular, students suffering weak verbal ability or insufficient prior knowledge benefit
greatly from expert-made or instructor-prepared concept maps by recalling more central ideas from
these maps than from texts [5].

The new curriculum concept map developed in this paper provides an alternative to the old
version of mapping (Simon 2007), which draws on a narrow financial accounting perspective and
makes weak presentations of the connections between concepts [10]. Simon’s map is shown in Figure 1.

Simon’s work stands as the singular concept mapping attempt for the Accounting Theory
curriculum in previous literature, but it suffers from some serious limitations [10]. First, drawing on
a financial orientation, this map has lost its comprehensiveness in depicting up-to-date curriculum
knowledge system, where the accounting academy has highlighted non-financial development and
theorized accountability as the accounting base [12-15].

Second, Simon’s map fails to capture the intricate interconnections among accounting theories,
concepts, and models. This problem places this map at a disadvantage in teaching some curriculum
themes that draw on these interrelationships, such as accounting evolution and sector-specificity of
accounting practices (that is, practices of the same accounting principles vary significantly across
different accounting sectors).

Third, the linking phrases such as “can be” and “e.g.” substantively used in this map are too
simple, superficial, and unprofessional to effectively characterize the relationships between concepts.
Canas, Novak, and Reiska comment that “excellent maps are explanatory, not descriptive”—that is,
the quality of maps depends on their “depth of explanation” (p. 15) [8]. Therefore, the real problem
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for concept mappers is not an ability to identify concepts to be linked, but the ability to determine
propositions to provide a clear explanation, including the professional narratives labeled on these
links [8]. Kinchin highlights that concept mapping expertise is evidenced in “technical terms to apply
in linking phrases to increase the explanatory power of the map” (p. 291) [32]. Simon’s map tends to
be of underdeveloped maps, which, as Kinchin critiques, “have used simple linking phrases to join the
concepts together” (p. 298) [32].

Other disciplines
; Borrows | . . . .
suchas economics, | POTOM* Financial accounting theories
psychology,
sociology yd ‘ \
can be can be can be
K v 4.
Positive financial Normative financial Critical financial
accounting theories accounting theories accounting theory
/ | VAR
| A .
eg. i i \ AN
describe & predict guide  / .‘ U M Makes
Market-based \ 4 3 ~~ <
accounting Financial ) o8 o8 eg <& - Explicit
research reporting / / \ AN [ value
/ N .
world / \ . judgment
/ \ \
¥ 2 h ] A
Social Environmenta Price and price-level Historical cost
accounting 1 accounting accounting accounting

Figure 1. The old version of the curriculum concept map for (financial) Accounting Theory, sourced
from Simon (2007) [10] with trivial modifications.

All the aforementioned problems are tackled in this paper by means of a new curriculum concept
map using a tree model. How this concept tree is designed and how it differs from the previous
mapping work are subjects further discussed in the following sections.

3. Design of the Concept Tree for the Curriculum of Accounting Theory

3.1. The Tree Concept Map and Accounting Theory Knowledge

The tree form of concept maps, or the concept tree model, has been recognized in literature as one
of the basic structures of concept maps [17,18]. Normally, concept trees are suitable for a knowledge
system where concepts can be sorted into distinctly comparative classes and sub-classes. Recent
development of the accountability perspective provides the opportunity to use a concept tree to
(re)model the knowledge system of accounting theories. First, theorizing accountability as the base
of accountings has become a generally accepted perspective and a robust thread throughout various
accounting practices [13,15,33]. An accountability structure involves two interrelated social actors,
called “accountor” and “accountee”, where the accountor has an obligation to give an account
that justifies her/his performance to the accountee [34-37]. As Shearer notes, “accounting practices
enact accountability” (p. 569) [15], and accountability pervades the entire accounting phenomenon.
To illustrate this, the ultimate purpose of traditional financial accounting is to enable a governing body
of the reporting entity to discharge accountability to shareholders [37]. Comparatively, the objective of
sustainability accounting is for the entity to discharge accountability to stakeholders [33,38—41].

Second, the diversification of accounting contexts/sectors is justified from an analytic perspective
of accountability. Table 2 presents the accountability relationships that regulate practices in the three
main accounting contexts/sectors, including corporate financial accounting, public-sector accounting,
and sustainability accounting.
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Table 2. Accountability and accounting contexts/sectors.

A ti
ceounting Accountor Accountee Account
Contexts/Sectors
Corporate f1panc1al Co.r porahor.\ Shareholders General-purpose financial reports
accounting /business entity
S . ti F 1 and inf l envi tal and
Sustainability accounting Co.r poration Stakeholders ormatand miorma’ environmentat an
/business entity social reports

Public sector accounting Government The public ~ The government fiscal reports and audit reports

Note: this table integrates knowledge claims from [33,35,42].

3.2. The Sketch of the Concept Tree

In this redesign, the concept tree comprises the root, the trunk, the branches, the twigs,
and the sub-twigs, all of which correspond to different concepts in different levels of the curriculum
knowledge system.

Root: accountability denotes the root of the knowledge system, for it is the base of all accounting
practices.

Trunk: the trunkis symbolized by the traditional (corporate) financial accounting as the mainstream
accounting knowledge sphere. Financial accounting acts as the prototype for other accounting systems,
including public-sector accounting and sustainability accounting. Both non-financial accounting
systems entail a stage of simulating the traditional financial accountancy. It has been a zealous belief
that public sector accounting originates from, mirrors, and keeps in line with corporate financial
accounting [43—45]. Likewise, sustainability accounting is developed from the track of the financial
accounting system [12,46].

Branches: sustainability accounting and public-sector accounting are denoted as two branches
diversified from the trunk, which stands for the mainstream (corporate financial) accounting.
Their emergence and development are attributed to critical stances against the conventional accountancy,
and standards and practical models associated with the two accounting systems are comparable to
but significantly different from the financial accounting venue [12,44]. For example, sustainability
accounting standards are inhered with non-financial and not-for-profit elements in establishing the
accounting scopes, principles, and procedures [39,40]. Barton compares public-sector accounting and
corporate financial accounting, attributing the considerable variances between the two systems to
“differences in the roles and operating environment of governments and business” [44].

Twigs and sub-twigs: twigs signify academic schools and streams within an accounting
context/sector (branch). Associated with the schools or streams are sector-specific standards, principles,
and theories, which are denoted as sub-twigs. For example, the stream of capital market research is a
twig of the financial accounting branch, including sub-twigs such as the efficient market hypothesis.
There are lower levels of sub-twigs, such as the practical models to operationalize the standards and
the principles. For example, the historical cost alternative (sub-twig) is operationalized into lower-level
sub-twig models of economic value, net realized value, replacement cost, and deprival value.

3.3. Bifurcations

Bifurcations address the idea of “threshold concept”, which refers to “a transformed way of
understanding, or interpreting, or viewing something” (p. 1) [45]. A bifurcation symbolizes a threshold
from which a new accounting branch/twig emerges from the conventional accounting venue. It marks
the conflicting assumptions between two accounting branches or twigs that can be alternative to each
other. The signposts labeled in bifurcations are used to express the rationales that underpin such
inconsistencies and conflicts between concepts or theories. For example, the bifurcation between
the financial accounting trunk and the sustainability accounting branch is labeled with the signpost,
“financial versus non-financial”, denoting the non-financial element that distinguishes sustainability
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accounting from its traditional counterpart. Another example is the twig-to-twig bifurcation with
a sign of “historical cost versus anti-historical cost” to distinguish between financial reporting and
the alternative measurement method. It suggests financial reporting is underpinned by the historical
cost assumption, whilst the alternative measurement methodologists adopt an opposing stance to
this assumption.

3.4. Linking Phrases

Twig notes are used as linking phrases to explain relationships between a higher level concept
and a lower level concept, e.g., between a branch and a twig, or between a twig and its sub-twig.
These twig notes (linking phrases) are shown in the Table 3.

Table 3. Twig notes as linking phrases.

Twig notes Abbreviation Examples
Consist(s) of C Accounting principles consist of materiality.
Be derived from D Capital market research is derived from market efficiency hypothesis.
Be in the form of F Creative accounting can be in the form of “window dressing”.
Be to guide G Financial reporting standards are to guide “recognition” of financial items.
Be operationalized as (€] Alternative costs can be operationalized as deprival value.
Regulates R Accoun?abilfciy regulates}the “corporation-stakeholder relationship” in the domain
of sustainability accounting.
Be to study S Agency theory is to study information asymmetry.
Be underpinned by U “New school” (of sustainability accounting) is underpinned by stakeholder primacy.

3.5. Colors and Their Implications

Colors are used to highlight “accounting changes” from bifurcations, which result in germination
of a new accounting branch or a new twig within the branch. We render further implications of colors
used in this accounting tree, as shown in the Table 4.

Table 4. Colors and implications in the accounting concept tree.

Objects Color Implications

Deep blue represents wisdom. It implies potential to generate new sophisticated theoretical

Bifurcations Deep blue perspectives or philosophies.
Accountability Brown Brown is the color of soil, referring to accountability as the root for the whole accounting system.
Flnanc;ill‘uarcﬂc:))untmg Gold The gold color denotes the for-profit assumption of (traditional corporate) financial accounting.
The new school is colored with green, aiming at improving environmental and
S ial perfi .
Sustainability Green + soclal performance

Gold The old school adopts the same color of gold as financial accounting. This is in accordance with
the view that old school holds a “for-profit” (shareholder primacy) element, and it is part of
financial accounting.

accounting (branch)

Public-sector Sky blue Sky blue stands for harmony and trustworthiness, associated with the “for the public”
accounting (branch) Yy assumption of public-sector accounting.
Alternative Yellow Yellow refers to opportunity and awareness, highlighting alternative measurement methods as
measurement (twig) “alternatives” to the traditional historical costing in making managerial decisions.
Capital market

research (sub-twig) Red Red implies good signs or prosperousness in capital markets.

Creative accounting is a “grey zone” in financial reporting, exploiting loopholes in financial
Grey reporting regulation to gain advantages. It is not illegal but deviates from the
spirit of accounting.

Creative accounting
(sub-twig)

3.6. The Curriculum Concept Tree of Accounting Theory

Figure 2 is the product of the tree-like concept map for the curriculum of Accounting Theory.
In the figure, accounting theories and concepts are modeled into a tree. Located at the root is
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accountability, which represents the foundation of accounting practices. The accountability root
buttressed the financial accounting trunk (main branch) and the branches of public-sector accounting
and sustainability accounting. This layout visualizes the theory that accountability underlies all
accounting phenomena, and different accountor-accountee relationships regulate various sector-specific
accounting practices [33,42,46—48]. The bifurcation signposts indicate the difference between accounting
sectors (branches), academic schools and streams (twigs), and sector-specific standards, principles,
and practical models (sub-twigs and lower-level sub-twigs).
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Figure 2. The concept tree of Accounting Theory.
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3.7. A Comparison between the Two Curriculum Concept Maps

Table 5 outlines some main characteristics of this concept tree in contrast to Simon (2007)’s

curriculum concept map of financial accounting theory.

Table 5. The main differences between Simon’s map and the concept tree.

Comparative The Old Concept Map The Concept Tree .
Themes (Simon 2007) [4] (Developed in this Paper) Comments on the Redesign
Highlighted as the Addressing the exceptionally important
Accountability Not included. foundation of accounting accountability perspective to
practices. accounting.

Public sector

Not covered.

Public-sector accounting is
diverged from traditional

Addressing public-sector accounting
that is not for profit and not applied in

accounting (corzizzﬁgggncml the business environment.
The old school having a
shareholder-primacy orientation is
Sustainability closely related to financial accounting,

Environmental and
social perspectives of
accounting

Taken as part of financial
accounting.

(environmental and social)
accounting is diversified
from financial accounting
and encompasses two
streams.

intimating the traditional view
presented in Simon’s map.

The new school holding non-financial
and stakeholder-based elements has
become mainstream in sustainability

accounting. The new school is beyond

the scope of Simon’s map.

Comparison and

It fails to recognize the
alternative perspectives and

Comparisons between
concepts are used to indicate
how accounting

Addressing accounting evolution;
justifying how new accounting systems

contrast lacks comparisons and and streams/schools were developed
contexts/sectors and streams "
contrasts between them. . i from the traditional venue.
are diversified.
Focuses on only two simple Uses multiple technical . . .
L W y W P Y .p . Elucidating the complex relationships
Linking phrases terms, “can be” and “e.g.”, terms to indicate the

to describe the relationships.

relationships.

between accounting concepts.

Accounting research
methodology

Presented as
individual streams.

Consolidated in accounting
contexts/sectors.

Providing a concrete understanding on
accounting research methodology.

4. Educational Insights

Embedded with a research-centered element, the Accounting Theory curriculum is destined to
assist students in comprehending the consolidation of accounting thoughts and discoveries, opening a
door for them to probe into the nature of accounting phenomena. The concept tree plays an informative
role to substantiate this essential aspect of the curriculum.

4.1. Feeling the Pulses of Accountancy Development

As an alternative to the old curriculum map [4], this concept tree embraces the advanced
perspectives that have profoundly reframed the system of accounting knowledge. It enables students
to update their theoretical understanding on accounting and then feel the pulses of accountancy
development. In teaching practices, students are advised to compare the old and the new concept
map and to clarify the major changes in accounting theories, including the general acceptance of the
accountability-root view and the classification of accounting contexts/sectors that are regulated by
different accountor-accountee relationships.

The elucidation is then prolonged according to this tree layout through introducing and commenting
on the most recent theoretical debates associated with non-financial accountings, such as “business-like
theological or religious aspect of accountability”,

i

public sector accounting”,

7

intelligent accountability”,
and “non-human stakeholders in sustainability accounting”. These debates involve sharp critiques
and radical ideas that have not been generally accepted or have remained exceptionally unpopular.
However, they do represent cutting-edge understandings and brave attempts to promote advancement
of accounting theories. Informed by the tree map, students not only acknowledge the new imperative
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accounting philosophies that have reformed the knowledge system, but also develop a precious spirit
of critical thinking voiced from the infrequent endeavors in challenging the status quo.

4.2. Addressing Accounting Evolution

An advantage of this concept tree is its capacity to display and justify how accounting evolved
and is evolving, which is attributed to the use of bifurcation signposts between different branches and
between different twigs in a branch. To illustrate this, in contrast to the mainstream financial accounting
(trunk) in pursuit of financial profits for individual business entities, public-sector accounting (branch)
rests on a not-for-profit and public interest element, and sustainability accounting (branch) is developed
to address non-financial and non-profit concerns. The bifurcation signposts between the trunk and
the two new accounting branches characterize the base and the vein of how the two non-financial
accounting systems emerged from critiques of the traditional accounting suppositions.

In a teaching setting, this concept tree is integrated in a story-telling method, where students
can learn the accounting theories from a historical perspective. It was found that this innovative
approach not only raised students’ interests in studying theories themselves, but also triggered their
enthusiasm in exploring the socio-economic backgrounds on which these theories were engendered.
For example, presentation of the history of deprival value is complemented by the concept tree in the
lecture. The bifurcation signpost between the twigs of financial reporting and alternative measurement
informs that the deprival value contends an opposing stance against the historical cost assumption on
which financial reporting standards are based. Associated with this bifurcation is a sequence of critical
thinking questions regarding the invention of deprival value: (1) What were the problems of historical
cost assumption when applied in practice? (2) How did the deprival value enable one to solve these
problems? (3) How did the deprival value influence a generation of accounting scholars? (4) What
lessons and experiences can we learn from this story regarding accounting evolution? These questions,
ascribed to the historic story of deprival value, led students to probe into a deeper understanding of
this accounting concept, motivating them to deliberate the nature and the practical implications of
accounting evolution.

4.3. Understanding Accounting Research Methodology in Contexts

The distinction between the two research methods—normative accounting and positive
accounting—is basic knowledge in this curriculum. Compared to the traditional way of paralleling
the accounting research methodology to the practical accounting systems (as shown in Simon’s map
(2007) [10], this concept tree integrates the methodological understanding across and within accounting
contexts. For instance, the concept tree illustrates the origin of positive accounting in the field (twig) of
capital market research [49,50], and the normative accounting research is associated with the critique
of existing theories and the exploration of alternative theories (refer to the bifurcation signposts).
This is evidenced in the emergence of new branches or twigs in the concept tree. Sustainability
accounting can be understood as one example of normative theory, for this new accounting system
with a non-financial element is used to substitute for the traditional financial accounting routines in
dealing with non-financial environmental and social issues [12]. The alternative measurements can be
viewed as another example of normative theory, in which the historical cost assumption is refused due
to its inability to reflect current value and future benefit.

4.4. Enhancing Understanding of Sector-Specific Accounting Practices

The context- or sector-specificity of accounting practices as a relatively new philosophic perspective
has gained prominence in the accounting academy [42,51,52]. It argues that, provided an accounting
principle is applicable to different accounting sectors/contexts (such as financial business accounting,
governmental accounting, and sustainability accounting), practical models and operationalization
methods of this principle vary significantly across these accounting sectors [12,42,44,53]. The concept
tree reinforces the understandability of this important perspective, guiding students to observe,

11



Educ. Sci. 2019, 9,111

deliberate, and analyze the sector-dependent nature of accounting phenomena. For example, the GRI
sustainability reporting standards and the financial reporting standards symbolize sub-twigs from
different accounting branches in the concept tree. This graphic outlook enables an immediate grasp of the
differences between the two reporting systems and provides a foundation for the later implementation
of concrete cases, through which these differences are investigated in detail, from reporting principles
to procedures and formats.

Another application exemplar is the research case of operationalizing the materiality principle in
practices. The accounting academy has observed that public-sector accountants and auditors tend
to apply a much stricter materiality level (significance of an issue) than their corporate financial
peers [53,54]. That is, an issue that is considered insignificant from the view of corporate accountants
and auditors may be regarded as significant for public-sector accounting practices. Theorists attribute
this variance to the different scopes of accountability, where financial accounting practitioners are
accountable to only a small group of shareholders, whilst public-sector accountants/auditors bear
accountability to the whole society [53,55]. The concept tree enables a graphic reference to understand
this phenomenon, where the materiality sub-twigs appear in the different branches of traditional
financial accounting and public-sector accounting, and the two branches are regulated by different
accountor-accountee relationships. This graphic reference drawn from the concept tree has been used
to introduce the sector-specific materiality phenomenon and the relevant theoretical explanations,
thereby enhancing a meaningful learning manner through which the theories are visualized [21,22].

5. Notes to the Curriculum Design

The concept tree performs a function of designing and steering the curriculum. The curriculum
design experiences pertinent to its application are documented as follows.

5.1. Sequence of Lecture Topics

Concept mapping is a useful vehicle for educators to “consider sequencing of topics” (p. 305) [11],
a critical requirement for curricula due to the linear nature of instructional processes [1]. The concept
tree endorses a sequence of curriculum topics. To begin, the concept tree is introduced in the initial
lecture (Topic 1) to outline the overall curriculum knowledge system. Topic 1 also involves a brief
explanation of the accountability theory and the accounting research methodology as they pertain to
normative and positive theories. The other topics of the curriculum are sequenced and correspond to
different parts of the tree, such as: financial reporting system (Topic 2, mainstream/trunk), alternative
measurements to historical costs (Topic 3, twig), capital market research (Topic 4, twig), accountability
theory (Topic 5, root), sustainability accounting (Topic 6, branch), public-sector accounting (Topic 7,
branch), and advanced issues in accounting theory (Topic 8). Except for the introductory Topic 1,
the sequencing starts from the financial reporting system (Topic 2) and its closely related Topics 3
and 4, and then to the non-financial accounting Topics 5, 6, and 7. The final topic, Topic 8, concerns
progressive theses, antitheses, and debates in accounting studies, covering all previous topics.

The rationale inherent to this sequencing is in line with Ausubel’s meaningful learning theory [21,22],
which holds that an efficient learning process is produced when new knowledge can be related to
knowledge already known. A prerequisite for the Accounting Theory (and Application) curriculum is
the unit of Principles of Accounting, which conjoins with the topic of corporate financial reporting.
As this topic contains knowledge that students are familiar with before they start the curriculum, it is
set as the second topic immediately following the introductory topic. Accountability theory (Topic 5)
is allocated before sustainability accounting (Topic 6). This arrangement is in accordance with an
epistemic perspective that accountability theory is the ethical foundation for the development of
sustainability accounting [13].
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5.2. Cohesion of Topics

A problem pertains to the complex multifaceted content presented in the curriculum, where
students often get lost in lectures due to difficulty relating individual knowledge pieces to the
comprehensive picture [2]. To address this concern, the concept tree is displayed at the beginning of
each lecture, highlighting the place of the current topic in the whole system of curriculum knowledge.
During each lecture, students are inspired to use the bifurcation signposts to compare the current
topic and the topics previously learned. For example, the bifurcation signpost, “industrial policy
implications versus individual entity accounting requirements”, indicates the difference of scope and
purpose between the two topics/twigs—capital market research and financial reporting system. In the
lecture of capital market research (Topic 3), this signpost provides hints for students to further develop
their understanding by referring to Topic 2:

(1) how positive accounting researchers, whose work is to discover behavioral modes of
companies in response to different accounting (Topic 3), play different roles from corporate accountants,
who prepare financial reports according to the pre-set standards (Topic 2); and

(2) how to apply the agency theory in the capital market context (Topic 3) to prevent creative
accounting problems associated with financial reporting standards (Topic 2).

5.3. A Meaningful Learning Mode of Exam Design

To our teaching experiences, exam questions prepared for this curriculum are easily designed
on “a mode of rote learning” [21], which requires students to restate the definitions of accounting
theories and concepts. The memory-test exam questions fail to assess whether students have really
comprehended the theoretical knowledge and whether they are able to apply theories to practices.
The concept tree can be useful to design consolidated case-based exam questions that integrate different
accounting models, therefore attaining “the mode of meaningful learning” [21]. This application is
shown in the following sample exam questions (Box 1).

Box 1. Memory-test (rote learning) questions prepared for the exam.

Question 1: Define the normative accounting theory;

Question 2: Define the historical cost assumption;

Question 3: Discuss the advantages and the disadvantages of the historical cost method;
Question 4: Present the straight-line depreciation model to recognize a fixed asset;
Questions 5: Explain these values: market value, net realizable value, economic value.

These exam questions simply require students to remember the textbook-based definitions and
calculation formulas. The memory-test method to which the sample questions adhere is typical of rote
learning and has been seriously critiqued in educational literature [1,21,22,56].

It is an attempt to redesign these questions in favor of a meaningful learning style. The first step
is to establish a reference for these questions in the tree-shaped concept map, as shown in Table 6.

The bifurcation signpost, “historical cost versus anti-historical cost”, indicates the fundamental
differences between the two different twigs to which the financial reporting and the alternative costs
belong, respectively. Furthermore, this signpost links to the adjacently noted “in-context normative
theory”, which was developed on the critique of the traditional historical cost. These connections form
the condition under which it is possible to design a case used to integrate the separated knowledge
pieces into a consolidated body for the exam, which is shown in Box 2.

Compared to exam questions in Box 1, which require students to replicate the definitions of
individual concepts or formulas of the models, the exam redesign (Box 2) inspired by the concept
tree synthesizes different knowledge pieces into a concrete, sophisticated, and practice-based case,
which enables a more effective test of students’ conceptual understandings and practical applications.
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Table 6. Examined knowledge pieces in reference to the concept tree.

Examined Knowledge Pieces Reference to the Concept Tree

A lower-level sub-twig in the financial accounting

Financial ing of a fi i
inancial reporting of a fixed asset standards twig

Calculation models of alternative values Sub-twigs of alternative costs twig

Applications of the alternative values in

. . The twig of alternative costs
decision-making

The bifurcation signpost between twigs of financial

The historical cost assumption . -
accounting and alternative measurements

In-context normative accounting theory associated to

The positive and the normative accounting theory the twig of alternative measurement

Box 2. A meaningful learning redesign of exam questions.

On 1 January 20X5, a company purchased a machine at a cost of $2000. It has a useful life estimated to be 8 years, and
this machine has a residual value of $400.

At 31 December 20X7, it was estimated that the machine could be sold for $4000. However, if the company could
provide maintenance for this machine, it would be sold for $10,000. The maintenance fee was $2000. If the company
continued to use the machine, management estimated that it would generate net cash inflows of $2000 each year during the
remaining useful life.

Required:

(1)  Calculate the amount of value for this asset shown in the financial report at the year-end 20X7.

(2)  Calculate the market value, the net realizable value, and the economic value at the end of 20X7. At that time, the
company had three options to deal with the machine: to sell the machine directly, to sell it after maintenance, and to
keep it. What would be the best option from an economic view?

(3)  Use this case to discuss the advantages and the disadvantages of the historical cost method to value a fixed asset.
Suppose you try to write a research paper using this case in which you maintain a stance of advocating alternative
costing and critiquing the traditional historical cost method. Is your research classified to positive or normative
accounting theory?

6. Conclusions

This paper is intended to extend the interpretational and the applicable capacity of concept
mapping in accounting education, prompted by a knowledge gap that no suitable concept map
has filled to interpret the current state of the Accounting Theory curriculum knowledge system,
which has undergone rapid and significant development. The key molded by this paper to resolve
this problem is a tree-form concept map, which systematically models the progressive curriculum
knowledge into a tree-like structure, including the root, the trunk, the branches, the twigs, the sub-twigs,
and the bifurcations.

The contribution of this study is trifold. First, it enriches the concept mapping methodology
through an exemplary case of the scarcely documented “tree-shaped” mapping method and its
application in an accounting education setting. This paper thus informs educators and concept
mappers of the values and the characteristics of concept trees, conveying the potential to apply and
generalize this particular mapping technique to other curriculums or courses.

Second, the concept tree itself denotes a creative theoretical model that concludes the accounting
knowledge system, which has been significantly restructured and advanced by newly emerging
theories. Compared to the previous limited mapping work [10], the concept tree assimilates the
advanced and the prominent knowledge claims that accountability is theorized as both the base of
accounting practices and as the rationale, according to which financial and non-financial accounting
contexts/sectors are distinctly classified [12,44]. Furthermore, with a faculty of interpreting the complex
interrelationships between concepts, this tree-shaped redisposition provides a reference to a deeper
form of wisdom concerning the accounting evolution, the accounting research methodology, and the
sector-specific accounting phenomena.
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The curriculum development that the concept tree facilitates is the third contribution. The tree-shaped

concept map sets visual guidelines for educators to sequence and cohere topics, thereby enabling
students to concisely communicate the voluminous and complex information that encompasses many
aspects of the curriculum [57]. In addition, this concept tree has proved to be a useful device in
designing exam questions, by which the pedagogy is redirected from a memory-test mode toward
a meaningful learning track, where students are required to make efforts to comprehend, integrate,

and apply their theoretical knowledge into concrete practices.
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Abstract: Concept maps have been shown to have a positive impact on the quality of student learning
in a variety of disciplinary contexts and educational levels from primary school to university by
helping students to connect ideas and develop a productive knowledge structure to support future
learning. However, the evaluation of concept maps has always been a contentious issue. Some authors
focus on the quantitative assessment of maps, while others prefer a more descriptive determination
of map quality. To our knowledge, no previous consideration of concept maps has evaluated the
different types of knowledge (e.g., procedural and conceptual) embedded within a concept map,
or the ways in which they may interact. In this paper we consider maps using the lens provided by the
Legitimation Code Theory (LCT) to analyze concept maps in terms of semantic gravity and semantic
density. Weaving between these qualitatively, different knowledges are considered necessary to
achieve professional knowledge or expert understanding. Exemplar maps are used as illustrations of
the way in which students may navigate their learning towards expertise and how this is manifested
in their concept maps. Implications for curriculum design and teaching evaluation are included.

Keywords: semantic density; semantic gravity; Legitimation Code Theory; expertise; theory-practice

1. Introduction

The primary focus of 21st century education is to support students to develop meaningful
knowledge that can be applied to a range of evolving, real-world settings [1-3]. The world with all its
complexity—including a rapid growth of information and knowledge, along with increased pressures
on the educational system—creates a challenge to help students to develop the skills to navigate these
complexities. Therefore, the key role of curricula at school and at university is to promote theoretical
knowledge that underpins evolving practice, and to help students to navigate between theoretical and
everyday knowledge and between different kinds of theoretical knowledge [3]. Additionally, learners
in higher education have to be prepared with appropriate, authentic contextual knowledge to ensure
graduate employability [4].

In any discipline, novices tend to have loosely organized knowledge, where concepts and
strategies are not well linked, while experts have a highly organized and well-structured knowledge
base that allows them to use information meaningfully to solve problems [5,6]. Rather than
adopting a trial-and-error approach that is typical for a novice, we need experts that can use
a principles-based approach to solve problems [7]. With this in mind, several researchers have
demonstrated the benefits of concept mapping in teaching, learning and assessing scientific subjects.
The use of concept maps has been shown repeatedly to be an effective tool for improving conceptual
understanding [8-12], developing higher-order thinking skills [13], revealing misconceptions [14,15]
and eliciting achievements and grades [16]. Therefore, we ask: what do concept maps reveal if we
explore different types of knowledge (novice, theoretical, practical and professional) in students’
concept maps?
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The scoring of concept maps and the awarding of a single number to summarize map quality
may give an indication of how much information a student has acquired during his/her study, but it
does not provide any indication of the types of knowledge that have been acquired (e.g., conceptual
or procedural) or the relationships that the student has identified between knowledge types. This
recognition if different knowledges has been described as essential for developing the basic characteristic
of the expert student [17] who needs to recognize the existence and complementary purposes of
different knowledge structures. This has been overlooked in the research literature on concept mapping
that has tended to foreground the development of conceptual knowledge to the exclusion of procedural
knowledge. The focus on the development of a discrete single map structure has emphasized this
bias in knowledge type, with procedural knowledge often being buried within a map of conceptual
knowledge. Kinchin and Cabot have discussed how expertise requires the oscillation between linear
structures of procedural knowledge and networked structures of underpinning conceptual knowledge,
but they did not offer any framework to assess the relationship between the two or how this may
evolve over time [18].

In this paper we explore how different types of knowledge are embedded within a concept
map and interact to each other. Concept maps that represent learners” knowledge structures have
been associated with meaningful learning theory [19] and the promotion of higher order thinking
skills [13]. Here, we present a major shift in emphasis in concept map evaluation by considering the
analysis of concept maps in relation to the semantics dimension of Legitimation Code Theory [20].
This not only provides a commentary on the student’s progress, but also offers a critique of the
curriculum experienced and the way in which it facilitates (or not) a student’s development from
novice to expert. Here, expertise is considered to be derived from the purposeful interaction of different
knowledges (as described by [21]). We present examples of student maps that illustrate the way in
which students may navigate the curriculum and argue that, in most cases, students do not reach the
level of professional understanding.

The expert structure that represents professional knowledge is explicit in the integrated nature of
theoretical knowledge and the way in which this underpins the procedural knowledge that constitutes
the visible practice that defines a professional [22]. The derivation of chains of practice from theoretical
knowledge is one of the hallmarks of expert knowledge [18]. However, we should not be surprised
that this expertise is rarely exhibited by students, who grapple with their understanding of concepts
before they are able to distinguish between conceptual and procedural knowledge, or that it is rarely
depicted in concept maps that generally aim to combine procedural and conceptual knowledge within
a single structure. The example of professional knowledge given in Figure 1 (of local anesthetics in
dentistry) shows how knowledge that has a high semantic density and low semantic gravity, SD+SG-
(such as physiology and pharmokinetics), determines the structure of the theoretical knowledge to
the right, whilst the chain of practice to the left is composed of concepts such as instrument assembly
and techniques, which exhibit lower semantic density and high semantic gravity (SD-SG+). In this
paper, we explore the possibility of locating elements from the practical and the theoretical in students’
emerging understanding of a discipline as an indicator of their current status on the journey through
secondary and higher education towards professional knowledge.
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Figure 1. The semantic plane in which each quadrant has been populated by the archetypal map
morphology (spoke, chain and network) that is likely to be found there, with (inset below) an example
of a well-defined expert knowledge structure in which practice and theory are clearly delineated as
complementary chain of practice and network of understanding [17,20,23].

2. Theory of Concept Maps

Concept maps have their roots in Ausubel’s meaningful learning theory, and they emphasize the
connections among concepts that represent individuals” knowledge structure [10,24,25]. There are
three elements from Ausubel’s theory that Novak and his research team found useful to develop in the
concept mapping method:

(1) Construction of new meaning involves conceptual connections between new information and
prior knowledge.
(2) Hierarchically organized cognitive structure where more general concepts are higher level in the

hierarchy and less general are positioned under the more general concepts.
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(3) Meaningful learning takes place when relationships between concepts are explicit and are better
integrated with other concepts and propositions [10].

Concept maps are composed of concepts that are written in boxes and connected with arrows
that are labeled to indicate the relationship between concepts [26]. The labeled connections between
concepts are called links, and each ‘concept-link-concept’ forms a proposition that can be read as
a stand-alone meaningful expression. Cross-links, which might sometimes be formed, show the
relationships between two different areas of the map [27]. Concept mapping is a skill that encourages
nonlinear thinking [28]. The construction process of concept mapping helps the learner to actively
construct their knowledge and, as suggested by Hyerle [29], helps students to “think inside and
outside the box”. The important function of this graphic representation is to display the overall
arrangement of concepts and the enhancement of metacognitive skills [7,12]. According to Salmon and
Kelly, concept mappers with these skills are able to (1) define specific thinking process as recurring
patterns; (2) support the transferring these patterns across disciplines; (3) guide the building of simple
to complex mental models and (4) reflect how the frame of reference influences their meaning-making,
thinking patterns and understanding [7].

Kinchin expresses the benefits of using concept maps by saying, “This is a tool that helps me
not only to see how the students are putting ideas together (or not), but can also help the students to
diagnose their own difficulties” [17]. Much school learning is achieved through rote learning, while
using strategies like note-taking, rewriting the textbook pages, summarizing as bullet points and
completing ‘fill-the-gap’ test that are not as productive as concept maps to develop well-organized
knowledge. Thus, learners who are used to learning through rote learning find the higher level
thinking that is required to construct a concept map challenging [13]. Concept mapping has also
been proposed as a useful tool to support the learning of complex topics, where learners have
fragmented understanding and might face difficulties integrating all components to form a meaningful
overview [12]. The external scaffolding that the concept mapping process involves can be very helpful
to support deep thinking and complex learning [7].

Concept Maps—Hierarchy and Scoring

Concept maps are unique for their graphical structures that exhibit how one concept is sub-ordinate
to other concepts and how learners” understand the concepts [12,30]. A hierarchical concept map
(also called a “Novakian concept map”) is recognizable for its top-down fashion, where more general
subordinate concepts are on top and more specific concepts are at the bottom. For instance, Novak
and his colleagues claim, “A well-organized cognitive structure (which is necessary for meaningful
learning) usually leads to graphically well-organized concept maps; in turn, building good concept
maps helps to build a good knowledge structure” [31].

Several authors [11,30,32-34] associate the map hierarchy with the learning context. As stated
earlier, the propositional structure is an essential part of concept mapping and shows learners’
meaningful learning. However, not all ‘concept-link-concept’ triads form a meaningful proposition
because they might miss the proper structure, have no logical meaning or constitute a large grammatical
structure (e.g., sentence) that has no meaning independently within this bigger structure [35]. There
are many authors, who consider different aspects of quality and complexity of concept map structure
within their scoring rubrics.

The semantic scoring rubric of Miller & Cafias consists of six key criteria that are inherent for all
concept maps [35]: (1) the presence of focus question and root concept, (2) the correct propositional
structure—link reworking and overall map reorganization; (3) the presence on inaccurate propositions
(misconceptions); (4) the presence of dynamic propositions that involves, movement, action, change of
state or dependency relationships (e.g., roots absorb water, electric charge generates electric fields, etc.);
(5) the number of quality cross-links that establish correct, suitable, and instructive relationships and
(6) the presence of cycles in which the direction of the arrows allows traversing the entire closed path in
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a single direction. All of these six levels are also translated to the content-quality scale that is followed
by the categories of unevaluated, very low, low, intermediate, high and very high.

Other studies have suggested that the structure of the concept map carries important information
about the understanding and quality of learners’ knowledge [11,12,30,36]. Many authors [7,30,37-40]
emphasize the effectiveness of the qualitative scheme that differentiates three morphological types of
concept map categories—spoke, chain and network [11]. Their model is based on map morphology
that has following characteristics [12,41,42]:

(1) Spoke graphical structure—(a) concepts form only a single level and all subordinate concepts
are in relation to the root concept; (b) subordinate concept are not connected to the neighboring
subordinate concepts; (c) deleting concepts from the map (except deleting the root concept), does
not impact the overall structure; d) the links that are built-in to the spoke structure are simple, do
not create cross links and do not impact neighboring subordinate concepts.

(2) Chain graphical structure—(a) the root concept is linked to the subordinate concept and forms
a sequence with the next concepts. There is no hierarchy, but concepts are listed in multiple
levels in relation to the root concept; (b) subordinate concepts are connected only with the next
following concept; (c) deleting concepts impacts only the subordinate concept lower down in the
sequence; (d) the links are compound and therefore the meaning is readable only as a whole.

(3) Network graphical structure—(a) concepts are related to the root concept and form multiple
levels defined as a “highly integrated and hierarchical network (of concepts) demonstrating a
deep understanding of the topic” [11]; (b) removing or adding concepts does not impact the
overall structure, as the cross links maintain the integrity of the map; (c) network is structured
across different levels with interconnections, and indicates deep understanding and meaningful
learning strategies.

Extreme versions of each of these morphological types are depicted within the quadrants of the
semantic plane (Figure 1) to indicate the stereotypical structures that may be found to depict novice
knowledge, theoretical knowledge and practical knowledge. However, each of these extremes is not
‘fixed” and may evolve into another in response to student learning. For example, a spoke structure may
develop into a chain or a network over a period of time as the student’s understanding develops and is
more systemized and complex in response to further learning [12]. Besides that, Kinchin discusses what
is a “good” and “poor” map by comparing the exam results with the maps [12,43]. He concludes that
“poor” maps are not always indicators of poor performance and “good” maps not always predictors of
good performance. There is no one common determination whether a concept map is really good in
terms of indicating the presence of a sophisticated understanding. In addition, Kinchin [17] claims,
“bigger does not always mean better when evaluating concept maps.”

Canas [31] uses the idea of an “excellent map,” and considers that both content and structure
are important to determine the map quality. Cafias and colleagues [31] describe excellent concept
maps as being concise and explanatory, exhibiting a high degree of clarity and presenting a clear
message. In addition, excellent maps should also be well balanced, well-structured and demonstrate
learners’ understanding.

3. Materials and Methods

Exemplar student concept maps (here constructed by students during school science lessons) are
translated into commentaries on the types of knowledge depicted by converting the linking phrases
between concepts into descriptions of their semantic density and semantic gravity (see Figure 2).
In terms of semantic gravity (SG), each proposition is considered in relation to the way in which the
student has articulated the degree to which the knowledge is either tied to a particular context (SG+)
or offers a more generalizable view (SG-) (see Table 1). We distinguish here between knowledge that
is very context bound (SG++) and that which is less tightly bound (SG+) to offer a more nuanced
description of the knowledge quality. Propositions are also evaluated according to the semantic density
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that is depicted (SD), where students may be using simple, everyday descriptions in their explanations
(SD-) or may be offering much more technical summaries that exhibit considerable condensation of
meaning (SD+). Again, the degree of condensation is considered by using SD+, SD++, SD- and SD-
(see Table 1). In this way, each of the quadrants of the semantic plane itself has four sub-quadrants into
which propositions may be plotted, giving up to 16 variants across the semantic plane. Once each
proposition has been translated to indicate its semantic profile (SD+SGx), this is then plotted on the
semantic plane (Figure 2) to indicate the semantic range depicted within the map. When using this
method, researchers may need to establish the degree of inter-rater reliability to decide on ++ or + and
on - or -. In this study we had three authors who were familiar with the content and agreed upon the
level of density and gravity within each proposition.
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Figure 2. A three step process of map construction (1), translation (2) and plotting (3) on the

semantic plane.
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Table 1. Proposition analysis translation device. Modified from [44].

Novice Knowledge

SD-
- student needs to interpret only one concept to form a SG-
SD-; . fonterp Y “°P - student uses concept from different sections of curriculum
theoretically/scientifically correct proposition - e . :
SG- o, 5 . - propositions create unified theory that is applicable to a
- proposition does not need to be manipulated to the given
broader context
context (the whole concept map)
SD- SG-
. - student uses abstract ts (e.g., biol hemistry, physics
- student needs to interpret only one concept to form a student uses abstract concepts (eg,, biology, chemistry, p] ys_lcs)
SD-; . e e and integrates them with general everyday knowledge that is
theoretically/scientifically correct proposition . . .
SG- i s . applicable in a wide range of contexts
- proposition does not need to be manipulated to the given L . . e P
propositions might unify scientific principles by highlighting
context (the whole concept map) . .
links between ideas
SD-
- student uses general everyday language and there is no SG-
SD—;  theoretical knowledge needed to form a proposition - student uses concepts from different sections of curriculum
SG- - forming a proposition does not need understanding or - propositions relate to ideas that are applicable to a broader
interpretation of scientific terminology (e.g., biology, context
chemistry, etc.)
SD- SG-
- student uses general everyday language and there is no - student uses abstract concepts (e.g., biology, chemistry, physics)
SD—;  theoretical knowledge needed to form a proposition and integrates them with general everyday knowledge that is
SG- - forming a proposition does not need understanding or applicable in a wide range of contexts
interpretation of scientific terminology (e.g., biology, - propositions might unify scientific principles by highlighting
chemistry, etc.) links between ideas
Theoretical Knowledge
SD+ SG-
SD+; - student uses specialized scientific concepts - student uses concepts from different sections of curriculum
SG- - student needs to identify concepts before they can be - propositions relate to ideas that are applicable to a broader
interpreted to form a meaningful proposition context
SG-
SD+ - student uses abstract concepts (e.g., biology, chemistry, physics)
SD+; - student uses specialized scientific concepts and integrates them with general everyday knowledge that is
SG- - student needs to identify concepts before they can be applicable in a wide range of contexts
interpreted to form a meaningful proposition - propositions might unify scientific principles by highlighting
links between ideas
SD++ SG-
SD++; - student needs to identify concepts (multiple steps required) to - student uses concepts from different sections of the curriculum
SG- form a meaningful/scientifically correct proposition that - propositions relate to ideas that are applicable to a broader
interacts with the whole concept map context
SG-
SD++ - student uses abstract concepts (e.g., biology, chemistry, physics)
SD++; - student needs to identify concepts (multiple steps required) to  and integrates them with general everyday knowledge that is
SG-  form a meaningful/scientifically correct proposition that applicable in a wide range of contexts
interacts with the whole concept map - propositions might unify scientific principles by highlighting
links between ideas
Practical Knowledge
SD- SG+
Sp. - student needs to interpret only one concept to form a - student uses scientific concepts that are embedded in practical
SG+, theoretically/scientifically correct proposition contexts
- proposition does not need to be manipulated to the given - proposition might express an example that is used commonly
context (the whole concept map) in everyday life
SD- SG++
SD. - student needs to interpret only one concept to form a - student uses scientific concepts that only require a recall of the
’  theoretically/scientifically correct proposition definition or rule
SG++ I, . . - . .
- proposition does not need to be manipulated to the given - proposition expresses the knowledge that is located in a
context (the whole concept map) specific section of a curriculum
SD-
- student uses general everyday language and there is no SG+
. S8 yday ‘anguag s - student uses scientific concepts that are embedded in practical
SD—;  theoretical knowledge needed to form a proposition contexts
SG+ - forming a proposition does not need understanding or L . .
. . R . . - proposition might express an example that is used commonly
interpretation of scientific terminology (e.g., biology, . .
. in everyday life
chemistry, etc.)
SD-
SG++
- student use general everyday language and L .
. . . - student uses scientific concepts that only require a recall of the
SD—;  there is no theoretical knowledge needed to form a proposition L
. L . definition or rule
SG++ - forming a proposition does not need understanding or

interpretation of scientific terminology (e.g., biology
chemistry, etc.)

- proposition expresses the knowledge that is located in a
specific section of a curriculum
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Table 1. Cont.

Professional Knowledge

SG+

- student uses scientific concepts that are embedded in practical
contexts

- proposition might express an example that is used commonly
in everyday life

SG++

- student uses scientific concepts that only require a recall of the
definition or rule

- proposition expresses the knowledge that is located in a
specific section of the curriculum

SG+

- student uses scientific concepts that are embedded in practical
contexts

- proposition might express an example that is used commonly
in everyday life

SG++

- student uses scientific concepts that only require recall of the
definition or rule

- proposition expresses the knowledge that is located in a
specific section of the curriculum

SD+

SD+; - student uses specialized scientific concepts

SG+ - student needs to identify concepts before they can be
interpreted to form a meaningful proposition

SD+

SD+; - student uses specialized scientific concepts

SG++ - student needs to identify concepts before they can be
interpreted to form a meaningful proposition

SD++
SD++; - student needs to identify concepts (multiple steps required) to
SG+  form a meaningful/scientifically correct proposition that
interacts with the whole concept map

SD++
SD++; - student needs to identify concepts (multiple steps required) to
SG++ form a meaningful/scientifically correct proposition that
interacts with the whole concept map

4. Results

The maps considered here were constructed by students aged 16-17 years in an Estonian high
school. This data collection was a part of the large-scale study (LoTeGym) that was undertaken from
2012-2014 [45]. The concept mapping instrument was linked with interdisciplinary scenarios from a
cognitive test. The test instrument consisted of four interdisciplinary everyday life related scenarios,
where each focused on one science subject (biology, chemistry, geography and physics). The aim of
the test was to evaluate students’ ability to give a scientific explanation, pose scientific questions,
solve scientific problems and to make reasoned decisions. Students were given 30 different types
of concepts (science processes, everyday social issues-relates, etc.) to map on the topic of ‘Milk—is
it always healthy?” Some of these concepts were representations of ‘everyday” knowledge (i.e., the
practical application of the theoretical concepts derived from biology, chemistry and physics). After a
period of training to see exemplar maps and to gain some familiarity with the software, a cohort of
187 students were given 45 min to construct a concept map. The concept mapping was carried out
using the computer program CmapTools. To ensure consistency of the data collection, the introductory
training sessions before the concept mapping task was undertaken by the same researcher. All students
were given an example of how to construct a concept map before the main maps were constructed. One
supervisor was in the classroom to assist with possible technical problems and to ensure adherence
to the structural grammar of Novakian concept maps [26]. Whilst it was noted from preliminary
observation that most of the maps display a gross morphology indicative of novice understanding
(a spoke structure), there was a large degree of variation in the ways in which the concepts were
arranged and in the quality of the propositions used to link concepts. From this cohort, two exemplars
are illustrated below as worked examples to showcase the method for map analysis.

Figure 3 shows the map produced by one student. A quick observation indicates this to be a
spoke-type map [11], in which chains of propositions radiate out from the central concept, but little
cross-linking is evident between the chains. Once the propositions are converted to indicate the degree
of semantic density and semantic gravity, it can be seen that >1/3 of the propositions are categorized
as SG-SD- (indicative of novice knowledge). The remaining propositions are divided almost equally
between the theoretical and practical quadrants of the plane, but none are ascribed to the lower right
hand quadrant (professional knowledge).
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o Map construction to optimise linking phrases
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bone fractures drinking this
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9 Convert linking phrases to SGSD (see table 1)

-diarrhoea

minority
vegetarian
metabolism SD+ SG-
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blood sugar SD-SG+ A, yoghurt 8D+ SG-
MR B ‘enzyme  SD- SG++ |
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SD- SG- | glucose
yeast
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9 Plot SGSD on semantic plane

SD-- | H SD++

SGH

Figure 3. An example of a student map exhibiting a strong ‘spoke’ structure that suggests a novice
understanding, which is emphasized by the presence of 8 propositions in the top left quadrant of the
semantic plane.

The map in Figure 4 may also be designated as a novice map; however, there appears to be
some development from the map in Figure 3, as the student here shows a greater attempt to show
some cross-linking of concepts, moving from the spoke structure towards a more integrated network
structure [11]:

27



Educ. Sci. 2019, 9,131

o Map construction to optimise linking phrases
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Figure 4. An example of a student map that suggests some emerging integration that builds on a novice
structure, reinforced by the broad distribution of propositions across the semantic plane.

Whilst charting the position of the propositions across the semantic plane still indicates some
novice knowledge (5 propositions), the majority of propositions represent theoretical (14 propositions)
and practical knowledge (6 propositions), with some also being classified as professional knowledge.
This suggests some semantic weaving on the part of the student.
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5. Discussion

Disagreements within the research community about the most appropriate methods of analysis
of concept maps have the potential to inhibit the widespread classroom use of the tool to support
learning [43]. The benefits and drawbacks of traditional quantitative or qualitative approaches to
map analysis are compounded by the fact that researchers have not previously discriminated between
the types of knowledge that have been embedded within maps. The application of the semantics
dimension of Legitimation Code Theory offers a new approach that is explicit in the need to consider
understanding to be composed of qualitatively different knowledges that need to communicate with
each other in the pursuit of expertise.

The consideration of the degree of semantic density and semantic gravity exhibited within map
propositions offers a more nuanced consideration of map quality that is achieved by considering map
morphology alone. However, it allows for the consideration of that which is “yet-to-be-known’ (rather
than assessment of ‘correctness’) so that maps of contested values and beliefs can be assessed using
the same approach as maps of agreed factual content [17]. The significance of the semantic profiles
that students exhibit in their concept maps offers a window into some of the issues they experience on
their educational journey—particularly as they move between school, university and professional life.
For example, the differences in the structuring of knowledge that exist between a high school and a
university biology curriculum (that has been observed by Kelly-Laubscher and Luckett [46]), suggest
the existence of a possible mismatch between the semantic range that students are expected to navigate
at university against that which they will have experienced in secondary school. This may cause
problems for students’ transition from school to university when their school education is assumed to
have given them the necessary prerequisite knowledge to embark upon their undergraduate studies.
Tracing the changes in the semantic profiles that students exhibit provides a visualization of the
progress that students are making against desired outcomes, offering a way of monitoring student
progression and curriculum effectiveness. However, we cannot assume homogeneity of the knowledge
quality held by students as they enter university, even when they have covered the same content at
school. The two examples shown here display differences in students’ semantic profiles such that
the student represented in Figure 4 appears to exhibit a greater semantic range within his knowledge
structure of this content area, suggesting a better preparedness of undergraduate study. To confirm
this, we need to explore a greater range of curriculum content with the students to see how key areas
of the curriculum have been structured in the students” minds.

6. Conclusions

This new approach to concept map analysis raises a number of new opportunities and challenges
for the research community:

By considering concept maps to be composed of different types of knowledge, it offers the
possibility of asking a new set of research questions that might be addressed through concept mapping.
Where powerful knowledge [47] is seen as the goal of professional education, then the semantic
weaving between theory and practice is required to achieve expertise [21]. The assessment of this
plurality of knowledges requires the mapping of semantic density and semantic gravity.

Beyond just assessing the ‘correctness’ of propositions within a map, the application of Legitimation
Code Theory to concept mapping allows for the assessment of the ways in which the mapper is able to
link theoretical knowledge with practical knowledge. This lifts the map above the assessment of factual
recall and considers the higher order thinking skills that are required for students to achieve mastery
of their discipline. This mastery has been shown to be dependent upon the learner’s ability to oscillate
between complementary knowledge structures consisting of chains of practice (exhibiting low semantic
density and high semantic gravity), and underpinning networks of understanding (exhibiting high
semantic density and low semantic gravity) [18,22]. The method of applying Legitimation Code Theory
to concept mapping described in this paper provides a way to make the knowledges that underpin that
expert practice explicit, so that they may be modeled for students. Further, this paper suggests that
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when assessing students’ knowledge using concept maps, the use of a single map may be insufficient
in order to obtain an authentic representation. As procedural and conceptual knowledge may be
constructed differently and activated in different contexts, it may be better to encourage students to
separate them structurally, whilst also recognizing the ways in which they interact in expert practice
(as in Figure 1). This represents a significant methodological shift from many of the research papers that
have previously explored learning using concept maps and that had assumed that complex knowledge
may be captured in a single map structure.
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Abstract: This paper explores the development of educational theory (pedagogic frailty) that has
emerged through the application of concept maps to understand teachers’ conceptions of their roles
within the complex higher education environment. Within this conceptual paper, pedagogic frailty
is reinterpreted using the lens offered by the concept of salutogenesis to place the model in a more
positive frame that can offer greater utility for university managers. This development parallels
changes in the consideration of mental health literacy (MHL) across university campuses and avoids
misapplication of a deficit model to the professional enhancement of teaching quality. For a detailed
explication of this wider perspective of pedagogic health literacy (PHL), the connections with related
and supporting concepts need to be explained. These include ‘assets’, ‘wellness” and a ‘sense of
coherence’. Links between these concepts are introduced here. This reframing of the model has
used concept mapping to explore the relationship between two complex ideas—pedagogic frailty
and salutogenesis. It emphasizes pedagogic health as a continuum operating between frailty and
resilience. Brief implications for academic development are included.

Keywords: concept mapping; salutogenesis; pedagogic health; academic development; teaching

1. Introduction

The current literature on teaching in university is increasingly populated with references about
stress and burnout among academics [1,2]. This should raise concerns about the physical and mental
health of colleagues working within this system [3], and about the pedagogic health of the higher
education system overall. Numerous stressors can be seen to act within the academy. For example, new
academics report dissonance between expectations of their role and actual teaching experiences [4]. In
addition, competing agendas within universities seem to be adding to the pressures of work [5], while
political changes in the system appear to be at odds with the values that drew many academics into
academia in the first place [6]:

Academics are experiencing a growing sense of disconnection between their desires to
develop students into engaged, disciplined and critical citizens and the activities that appear
to count in the enterprise university. (p. 526)

This generates strong feelings among academics, such as those described so colourfully by
Leitch [7] who talks about feeling as though she is “riding two horses at the same time, being propelled
simultaneously in opposing directions” (p. 166). The negative consequences of too much stress within
the university workforce have been summarised by Mtsweni [8] in his analysis of responses to stress
among university administrators:

the person may attempt to reduce the amount of information to be dealt with by opting for a
simplified belief system which denies the true complexity of the issues involved. Typically
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this might entail a move towards polarised problem solving with a simplistic yes/no or
right/wrong analysis. This diminished judgement can involve an increased personalisation
of issues or a hostile egocentricity. In this case the sufferer can only see their limited
viewpoint and begins to feel persecuted, interpreting neutral events as being directed at
them. Lack of balance is completed by magnification and minimisation whereby trivial are
given undue emphasis whilst key factors are played down or ignored. This unsupportable
level of cognition eventually leads to fatigue and a state of under-alertness, characterised by
forgetfulness, foggy thinking and disorganisation which may be wrongly attributed to a lack
of motivation. (p. 20)

Within the context of teaching in higher education, these stress symptoms can be observed to be
exhibited by colleagues and these can impede the innovative development of teaching and encourage
the rise of ‘play safe’ classroom practices [9]. Such stress can lead colleagues to consider innovation
in teaching practice in a binary manner as either ‘good” or more typically ‘bad” without considering
the wider implications of change and possible benefits to students. The manifestation of hostile
egocentricity referred to by Mtsweni can be observed through everyday comments such as, “It just
won’t work in our department—the management don’t understand that we are a special case!” And
finally, small changes to relatively minor procedural issues (e.g., which line-spacing should students
use in their essays [10]) are often discussed extensively and with passion whilst the ‘elephant in the
room’ is left for another time. The combined effect of these unproductive tensions and workplace
stressors that cause ‘foggy thinking and disorganisation” can result in an environment exhibiting
pedagogic frailty, where elements of the teaching environment seem to be working in opposition
to each other so that teachers retreat into a conservative status quo [9] that may be professionally
unsatisfying and pedagogically unsound [11]. To address these problems, the model of pedagogic
frailty is aligned to key aspects of salutogenesis, to make it more amenable to university managers as
a developmental tool. This paper is aimed at those who influence or deliver teaching at university,
including teachers, technicians, administrators and managers, as all these roles have an impact on the
discourses of learning and on the student experience. Whilst the literature on teaching understandably
tends to focus on teachers, it is evident that other roles have an impact on what goes on and how it
is reported.

2. Pedagogic Frailty and Salutogenesis

The model of pedagogic frailty arose from a fortuitous confluence of personal and professional
experiences with a theoretical exploration of university teaching [12]. This drew on three decades of
work in teaching and academic development by the author that included several hundred structured
teaching observations during which observed teachers often talked about the positive and negative
factors influencing their teaching. The author also drew on professional examination of key factors
influencing practice in the design of new academic programmes of teacher development [13]. The
evolution of the model was also informed by personal encounters with clinical frailty [14] during which
the overlap between the literature examining clinical experience and teaching experience became
apparent, combined with the theoretical exploration of the visualisation of ‘powerful knowledge’ [15].
In combination, this gave rise to the conditions in which the model of pedagogic frailty could emerge
(Figure 1).

By using the four key dimensions within the model (that have already been explored extensively in
the literature [16,17]) to add structure to reflections on teaching practice, so that personal perspectives
may be used as a basis for developmental dialogue (such as the example inserted below the model in
Figure 1). Although the focus of research on pedagogic frailty considers the university system (i.e.,
the ways in which the various roles in the institution contribute to teaching), investigations need to
start by uncovering the range of perceptions held by individuals within that system. Numerous case
studies have revealed the variety of perspectives held by academics across the spectrum of academic
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disciplines from the arts to the sciences [17] and the ways in which tensions might develop resulting
from conflicting perspectives. The model of pedagogic frailty focuses on four key areas:

e The nature of the discourse on teaching and learning and whether this concentrates on
the mechanisms and procedures of teaching (timetabling, assessments, feedback, etc.) or
on the underpinning pedagogy (teacher expectations, professional values, student learning
approaches, etc.).

e  Therelationship between the pedagogy and the discipline and whether teaching offers an authentic
insight to the discipline in terms of relating theory and practice.

e How the research within the department relates to the teaching in the department, and how these
links are exploited in teaching strategies and made explicit in the programme.

e  How the teaching is regulated and evaluated and what appreciation there is of the role of the
individual academic in the decision-making processes of the institution.

In studies published so far, the model seems to resonate with university academics who readily
relate to the idea of frailty and the notion that aspects of the professional environment can create
tensions that impede the development of teaching practice [18,19]. However, the negative undertones
of the term ‘frailty” have been recognised in the clinical literature [20] and may be seen as problematic
by university managers when considering the professional development of university academics as it
suggests a deficit model. We may attempt to overcome this by adopting an assets-based approach to the
consideration of the wider concept of pedagogic health as a continuum linking the extremes of frailty
and resilience. The consideration of assets updates the clinical analogy from which pedagogic frailty
emerged by offering a parallel to increased consideration of health assets [21,22] within a continuum
of health as proposed by Antonovsky in his exploration of salutogenesis [23,24]. Salutogenesis is
defined as the study of ‘why” and ‘how” people stay well [25]. Staying well is related to the ability of
individuals to manage tension, that is, how they respond to stressors. The management of tension
helps to maintain health. The pathological model is analogous to a deficit model of health, whilst
salutogenesis pays more attention to the management of assets that contribute to wellness, and so
can be seen to offer links with the ideas of pedagogic health as a continuum between the extremes of
pedagogic frailty and pedagogic resilience.

How individuals manage tension and stress in their daily lives and stay well has been referred to
as ‘salutogenic functioning’ [8]. Reframing in this way firstly requires us to discard the dichotomy
of diseased/healthy in favour of Antonovsky’s health-ease/dis-ease continuum (reframed here as
frailty-resilience for the educational context). This is reflected by the application of concept mapping
that enables us to visualise nuanced academic perceptions of their ‘pedagogic health’ [17] in which the
diversity of perspectives is valued, and an inappropriate binary good-bad distinction is never made.

35



Educ. Sci. 2019, 9, 157

PEDAGOGIC
FRAILTY

. ith lack of increases with lack of increases with increases with
Increases with lack o embeddedness unresolved tensions perceived distance to
explicit and shared between within the

PEDAGOGY
AND
DISCIPLINE

RESEARCH
TEACHING
NEXUS

\
REGULATIVE | 1/7forms requires

DISCOURSE 1 links
between

iterative inform
dialogue

with

CONTROL

requires agentic engagement with

ASSESSMENT
N .
B drives motivates

j Interact X]
CURRICULUM strategically STUDENTS
with the

delivers designed to be want access to
memorised by

demanded
CONTENT by bodies INDUSTRY
representing
Figure 1. The overall pedagogic frailty model (above) with (inset below) one academic’s view of the
regulative discourse dimension (After Kinchin [15,26]).

Whilst most previous applications of salutogenesis in universities have been concerned with the
physical or mental health of individuals working within a university [27], in this paper I have turned
this around and am focusing on the health of the system (i.e., the university) where the individuals
are working. However, these two perspectives are clearly related to each other and the distinction
between a ‘healthy academic” and a ‘pedagogically healthy” university may be blurred across the
numerous interactions between the individual and the institution. The consideration of salutogenesis
as a frame for pedagogic health requires a parallel consideration of a number of other associated
concepts (particularly assets, wellness and sense of coherence) that need to be part of the network of
concepts that will help to generate a robust context to inform practice. Concept mapping offers a tool
to allow the visualisation of these ideas and the ways they may be linked (Figure 2).

This visualization of the relationship between salutogenesis and pedagogic frailty represents the
author’s perspective of the main concepts involved and the relationships between them. The concept
map was generated by reducing the problem to include only the main concepts involved and arranged
to emphasize the relationships between them. The linking phrases have been constructed to offer the
maximum explanatory power in the minimum amount of text in an attempt to produce what has been
termed an ‘excellent concept map’ in the research literature [15]. This provides the reader with a map
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to complement the text as a way of reducing cognitive load and making the text more accessible when
having to manage a set of unfamiliar terminology.
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Figure 2. A concept map to illustrate the associated concepts that help to relate salutogenesis with

pedagogic health literacy.
3. Assets

Health assets are starting to be a feature of the healthcare literature that provided the basis for the
original frailty analogy. Rotegard et al. [21] define health assets as:

the repertoire of potentials—internal and external strengths qualities in the individual’s
possession, both innate and acquired—that mobilise positive health behaviours and optimal
health/wellness outcomes. (p. 514)

The assets that people bring to their professional teaching activities can be highlighted and
consequently mobilised through reflective dialogue. Some assets may be part of the academic’s
disciplinary heritage and may be revealed though a process of conceptual exaptation, where familiar
disciplinary concepts can be repurposed to support deeper and more personally relevant reflection on
teaching (for disciplinary examples, see [28-30], where ideas such as care in nursing, contested concepts
in politics and reactions in chemistry are repurposed to provide a language to consider teaching). This
reflects the oft-quoted work by Ausubel [31], whose Assimilation Theory of Learning emphasises
a constructivist epistemology in which the only place for further learning is provided by what the
individual already knows as a basis for the construction of new knowledge. What academics know
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best is their disciplinary knowledge and ways of thinking. This echoes the view of frailty management
offered by D’Avanzo et al. [32]:

if we want frailty to be approached as a malleable and preventable condition, a bottom-up
approach is needed [and] the tools through which frailty can be managed should come from
[participants’] own context and resources. (p. 16)

Rather than providing a rather inert list of assets, a process of ‘asset mapping’ is suggested in the
literature as a process that can help to emphasise the dynamic connections between assets as a way to
increase their overall utility [21]. In the case of pedagogic frailty, this asset mapping probably needs to
start from the individual perspectives held by academics (as in the case studies illustrated by Kinchin
and Winstone [17]) which can then facilitate and structure the essential dialogue between members of
an academic community [33,34] to start to map community assets. Distinguishing between individual,
community or institutional assets may be helpful in operationalising the pedagogic health model and
targeting resources to support the management of a developing sense of coherence [35].

4. Wellness

In parallel with the increased focus on health assets within the healthcare literature, there has
been an increased focus on the concept of wellness as a way of moving towards health-promoting
behaviours. Wellness has been defined by McMahon and Fleury [36] as:

A purposeful process of individual growth, integration of experience, and meaningful
connections with others, reflecting personally valued goals and strength, and resulting in
being well and living values. (p. 48)

The idea of ‘living values’ clearly addresses the comment made by Manathunga in the introduction
to this paper, whilst ‘meaningful connections with others’ is a necessary prerequisite for the mapping
of shared assets (such as personal traits or disciplinary skills) mentioned above.

5. Sense of Coherence

By linking elements of innovative practice to the frailty model, we are able to support academics
in their construction of a greater sense of coherence with regard to the fragmented and contradictory
discourses of higher education. Developing a greater sense of coherence within academics of their
teaching environments has always been one of the explicit intentions of the application of the pedagogic
frailty model [17]. Within the salutogenic paradigm, Antonovsky [23] has defined the sense of coherence
(SOC) in terms of its three subcomponents (comprehensibility, manageability and meaningfulness) as:

a global orientation that expresses the extent to which one has a pervasive, enduring though
dynamic feeling of confidence that:

(1) the stimuli deriving from one’s internal and external environments in the course of living
are structured, predictable and explicable (comprehensibility);

(2) the resources are available to one to meet the demands posed by these stimuli
(manageability);

(3) these demands are challenges, worthy of investment and engagement (meaningfulness)
(p- 19)

The sense of comprehensibility is supported by consistent, structured information and is
confounded by stimuli that are chaotic, random, accidental or inexplicable. ~Unfortunately,
Brookfield [37] reports that some teachers describe their work to be ‘bafflingly chaotic’—a situation that
augurs badly for the development of a sense of coherence among university academics—presenting a
challenge for university managers. A well-developed sense of coherence seems to be related to the
ability of academics to cope with stress [38] and is likely to support the development of a positive
approach to asset management and wellness.
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6. Individuals in the System

One important difference between clinical frailty and pedagogic frailty (as previously made
explicit in the literature) is that studies of clinical frailty have a focus on the wellbeing of the individual,
and consider assessment and treatment of the individual, whereas pedagogic frailty has a broader
focus on the system in which that individual operates. This means that any given configuration for an
individual may initiate or promote pedagogic frailty in one environment, but promote resilience in
another, more receptive, environment. This can be seen in particularly sharp contrast when academics
move from one national context to another and find that assets that were valued at home are no
longer recognised when they move abroad [39]. However, the structure of individual profiles might
predict the potential for frailty, or in other words, certain scripts act as indicators of ‘prefrailty’. In
an extreme case, a hypothetical, stereotypic academic who is a new arrival at a university might
state that “he doesn’t care what his colleagues do, he will not adapt any aspect of his teaching to
fit current fashions because he has been teaching for twenty years and has established an efficient
routine that fits his lifestyle and allows his research to flourish”. Such a person might be expected to
have difficulties integrating into a new environment that might exhibit a more progressive attitude to
innovative teaching approaches. More subtle issues might be predicted where academics map their
perceptions of the dimensions of frailty and produce knowledge structures with morphologies that
are undeveloped and do not provide sufficient structure to indicate critical reflection on practice. An
additional difference between clinical and pedagogic frailty concerns age. Whereas clinical frailty is
more prevalent in older patients, pedagogic frailty occurs at any stage of an academic’s career and may
be repeated as conditions change or as academics take on new roles [40,41].

Research suggests that frailty is a dynamic process that does not sit comfortably in the
disease-centred paradigm that dominates medicine [42], and that there are opportunities along
its pathway to transition out of, manage and/or prevent its adverse consequences. Considering clinical
frailty, Gwyther et al. [43] write:

Superficially, there appeared to be a dichotomy in beliefs about frailty management. On one
hand, some policy-makers appeared to support a greater medicalisation of frailty, a need for
frailty to be recognised as an authentic clinical issue by medical professionals and treated as
such. On the other, there were views that frailty should be demedicalised and that frailty
management should be conceived of as an adaptation to life stages and be embraced as a
societal issue with ownership devolved to a wider societal network. (p. 4)

Again, there are direct analogies to be drawn from the comments above to the concept of pedagogic
frailty. Rather than a medicalisation of pedagogic frailty, the modern educational world seeks to adopt
greater managerialism and accountability to address any frailty in the system, so it may be ‘treated’.
This is exemplified by the classic “you said, we did” type of management response to student voice.
The devolution of management offers a different strategy [44] that would decentralise ownership
of the teaching environment that might facilitate frailty management as ‘adaptation to professional
life stages’.

7. Benefits of a Salutogenic Gaze towards Pedagogic Health

By adopting Antonovsky’s salutogenic gaze [23,24] to reframe the recent literature on pedagogic
frailty [16,17], we might consider the issues that act on teaching in terms of the broader concept of
‘pedagogic health’. This requires a modification of the original model of pedagogic frailty (Figure 1) to
emphasize the dynamic continuum between frailty and resilience (Figure 3). Introducing the concept of
‘pedagogic health” and modifying the linking phrases within the model provides a subtle yet important
development for a number of reasons, as it:

o Adopts a more affirmative language (pedagogic health literacy) that may be more appealing
to senior managers, having a more positive subtext than frailty.
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As an analogy, the increased recognition of mental health issues among both university staff
and students has moved from a pathological model (dealing with problems after they have
arisen) towards one advocating greater awareness of mental health literacy for all. One
of the problems of dealing with student wellbeing within the current Higher Education
environment is that ‘students approach services when their mental wellbeing is already
affecting their ability to cope’ [45]. Rather than wait for problems to surface, it may be better to
increase the mental health literacy (MHL) of everyone on campus as students with problems
also have the potential to affect others including roommates, classmates and staff [3,46—48].
It is, therefore, an issue that affects us all, whatever our own state of mental health. Likewise,
before waiting for academics to experience difficulties through frailty within their teaching,
moving to the proactive promotion of greater pedagogic health literacy (PHL) across the
campus is likely to have a more positive outcome for the institutional community.

e Avoids a potential misuse of the model through adoption of a simplistic harmful binary,
the use of which to ‘classify” staff would in itself be an indicator of prefrailty.

Within the managerial culture of the neoliberal university, there is pressure to find simplistic,
instrumental measures that can be adopted for use as performance indicators [49]. The
emerging body of work on pedagogic frailty has demonstrated an underpinning complexity
to the teaching environment that cannot be adequately represented by a simple metric. This
prevents the concept of pedagogic frailty (or pedagogic health) to be subverted for political
means and to prevent the disconnections between expectations and practice described by
Manathunga et al. [6].

e Indicates a continuum where no system is likely to exhibit ‘total health” and so creates no
arbitrary endpoint to prematurely terminate professional development.

The case studies of academics explored by Kinchin and Winstone [17] concentrate on
academics who were already recognised as successful teachers. Therefore, each of them has
the potential to contribute to pedagogic resilience within their institution. However, I note
again here that individual success is not necessarily an indicator of resilience (rather than
frailty) across the system, and that even the most successful teaching teams do not exhibit
‘total health” (i.e., there is always something new to learn or a new skill to acquire). This
depends on developing healthy, positive links between the individuals within a system (e.g.,
department) for that system to function well.

The learning and development of academics within this perspective do not have a predictable,
linear trajectory with an easily defined or predicted endpoint. Rather, ‘[learning] is an
entangled, nonlinear, iterative and recursive process, in which [academics] travel in irregular
ways through the various landscapes of their experience (university, family, work, social
life) and bring those landscapes into relation with each other” [50]. As such, it resembles the
rhizomatic view of learning where knowledge is susceptible to constant modification as it
responds to individual or social factors [51].

e The points listed above together help to make utilization of the model more
‘management-friendly” and from which management activities are not removed.

It is assumed that senior managers may be reluctant to investigate frailty within the systems
over which they preside, and of which they are an active part. The pathological model
might be seen as a poisoned chalice. Therefore, by looking at pedagogic health, we have
a perspective from which we hope senior managers would not feel the need to exclude
themselves—something that would invalidate the whole enterprise.
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Figure 3. A revised model of pedagogic health to indicate the salutogenic continuum between extremes
of frailty and resilience.

8. Conclusions

The development of a productive teaching environment is key to the success of a modern university.
However, in the contemporary economic and political climate of higher education, there are many
conflicting and competing discourses that need to be accommodated. Colleagues occupying different
roles within the university structure (teacher, administrator, manager) will each have a different
perspective on the university—what is important and what should be the institutional focus for the
coming years. Inevitably, the development of teaching is a compromise between what we dream of
being able to do and what is possible within the current constraints. In order for a university to move
forward with a sense of coherence of purpose, the stakeholders within the institution need to have a
shared vision of the key elements that make up the teaching environment. When this is achieved, we
can talk about the pedagogic health of the institution in positive terms. Where this is not achieved, we
might view the pedagogic health in less positive terms—tending towards frailty.

The adoption of appropriate language is an important issue when trying to initiate buy-in from
academics (and their managers) to support interventions to enhance teaching quality. Use of the term
“frailty” in this context may invoke fatalistic connotations that were not the intention when originally
applying the clinical analogy [26]. Buta et al. [52] have explored the language used in the literature
surrounding clinical frailty and have identified some more positive expressions that can be used
to better reflect the underlying philosophy of this work (for example, characterizing frailty as ‘an
opportunity for self-awareness and reflection’) that sit better with the original pedagogic frailty model.
This can be enhanced using a salutogenic gaze. In order for a salutogenic perspective on PHL to be
operationalised within an institution, the network of understanding (Figure 2) needs to be related
to productive chains of practice (sensu Kinchin and Cabot [53]), that will need to be context-specific.
To this end, a modified model of pedagogic frailty is presented (Figure 3). In terms of practical
application of this model, the diversity of perspectives revealed by concept mapping is important to
help avoid a simplistic binary classification (frail-resilient) as that would preclude the development of
individualised routes towards coping and adjustment [32]. Uncovering personal perspectives on the
teaching environment [17] provides a shared lexicon to open up the potential for more collaborative
discussions, helping to promote the development of a shared perspective underpinned by a set of
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common values [54]. This is likely to promote more productive dialogue about teaching, and the
promotion of an environment that supports greater pedagogic health.

Within the author’s university, moves towards a more salutogenic perspective of pedagogic health
currently involve initiatives such as supporting a gradual transition from a ‘responding-to-student-voice’
mode of operation towards a greater degree of ‘student-staff partnership’ [55], as indicated in Figure 2
as a ‘life-style choice’ for the institution. Such a move is seen to have ‘the potential to remedy neoliberal
university models and performance self-regulation by offering a counternarrative to these dominant
trends that imagine a different model of learning between students and staff’ [56]. Analysis of the
practicalities of developing a salutogenic gaze towards PHL across a university is not anticipated to be
straightforward within institutions that have developed particular cultures and ways of doing things
over many years. It is particularly important that the senior managers in an institution demonstrate a
commitment to the counternarrative to ensure that the values that are espoused by the teachers working
in partnership with the students are reflected in the language used by and actions demonstrated by the
management [57].

The clinical literature continues to provide the basis for analogy in describing the variation in
the way that frailty is experienced by individuals as they struggle to maintain their daily routines
in the context of complicated transitions that create uncertainty [58]. Work on pedagogic frailty
suggests a need to raise awareness among professionals (academics and university managers) of the
malleability and preventability of frailty and the benefits of having an informed navigator” [43] or
‘interpreter” [59]—which, in the case of pedagogic frailty, would be an academic developer [60] or
learning developer [61]—to assist in steering a route through appropriate interventions. This provides
a modified perspective in the role of the academic community as a whole, through a more distributed
ownership of pedagogic health [44]. It also requires academic developers to be in a position to support
the process of conceptual exaptation of disciplinary concepts for the enhancement of teaching. This
may be achieved most effectively when academic development becomes a distributed activity [62], and
those involved are actively engaged in research with their disciplinary peers [63]. This still requires
effort on the part of all stakeholders to engage in professional development to ensure a positive
direction of travel along the frailty—resilience continuum. As explained by D’Avanzo et al. [32], “The
resilience of people who succeed is achieved through continuous active development on numerous
fronts’ (p. 15).

In summary, it makes no sense to consider interrelated aspects of university teaching in isolation.
Educational theory and analysis of practice needs to be considered as a connected whole. The
salutogenic model of pedagogic health provides a lens to help achieve this goal, and concept mapping
provides a tool that emphasises connectivity. Jonas [64] has referred to salutogenesis as an ‘anchoring
principle’ to unify all dimensions of a healthcare system. I suggest here that salutogenesis offers great
potential as a concept that can be repurposed to add clarity and a sense of coherence to the teaching
endeavour. This added coherence is particularly important in the current context of political and
economic uncertainty about the future of higher education and the need to care for our students [65]. To
reinterpret comments by Becker et al. [66] by placing them into the discourse of teaching, ‘A salutogenic
gaze works prospectively by considering how to create, enhance, and improve resilience and provides
a framework for researchers, and practitioners to help individuals, and organizations to move towards
optimal pedagogic health’ (p. 25). This potential seems worth exploring, and the application of concept
mapping offers a nuanced methodology to do this.
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Abstract: Children’s creative imagination is tested through tasks involving narrative and drawing
abilities for participants between the age of 8 and 12 years. The test determines the relative importance
of marrative’ against ‘graphic’ imagination in interpretive, problem-solving strategies, and also
considers how such distinctive functions of the creative imagination could affect ‘general’ creativity of
the child learner. Participants were chosen from designated primary schools in the state of Guanajuato,
Mexico. The test on creativity complements facts from observational methodology in a population of
mixed Castilian-speaking children. The name of the test is Prueba de Imaginacion Creativa Nifios (2008)
or ‘Test of Creative Imagination in Children’, the Castilian acronym being PIC-N. It comprised four
sub-tests: Three designed to evaluate narrative (verbal) creativity, and one for drawing (i.e., graphic)
creativity. The first three ‘exercises’ in the suite indicates (a) fluency, (b) flexibility, and (c) originality in
narrative representations, whereas the fourth indexes (d) graphic abilities of the child learner. Results
suggest that creative imagination causes variations in specific aspects of creativity, like narrative and
graphic improvisation, and also modifies ‘general’ creativity as understood from the perspective of a
developmental psychology of learning abilities in growing children within the defined age group.

Keywords: creative imagination; drawing; storytelling; primary education; psychometric analysis

1. Introduction to Creativity

Creative Imagination appears to be active from an early age and is instrumental in learning and
problem-solving strategies. Indeed, such imagination is one of the major ways in which children
ascribe meaning and communicate information, attributing new meaning to objects they did not know
previously, and to form new experiences from verbal stimuli, images, and also patterns of sound
(which was not examined for this project). The archaic research on children’s creativity was undertaken
by Vygotsky [1], following Piaget [2], but in a manner that predicts the trajectory of the imagination
for children’s learning and interpretative abilities. Vygotsky’s premises constitute some basic laws of
developmental psychology for, more specifically, what he was to call “creativity”, a term denoting
psychomotor processes for producing both mental and physical representations in the material world.
Also, ‘creativity’, as Vygotsky defined it, refers to a correlate of what he called ‘imagination’. The latter,
in fact, seems to have a more mental and even neural substratum. In this paper, we shall use the term
‘creative imagination’ to denote integrated neurobehavioral functions that employ imagination [3].

Vygotsky’s basic proposition revealed how children could use creative imagination to make sense
of this world. As such, the Vygotskian proposition lends itself to later speculations in psychology of
children where importance has been laid on the methods of constructing narratives of imagination
by children for strategies of interpretation and meaning creation [4]. What is of more immediate
value for this research is the controversy regarding the intrinsic nature of creative imagination.
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Is children’s imagination manifested in organized reproductions of experience already available in
real life as Piaget originally claimed, or did it have innate properties that manifested itself in various
faculties, like verbal processing or visual memory? Harris” experiments, in this regard, use more
of an active developmental angle to explain the process of creative imagination. Harris advocates
multiple ontologies that suggest that the imagination functions as a cluster of discrete neurobehavioral
faculties, like a multitasking function. Research on children’s fantasy undertaken in the 1980s and
1990s underscore how imagination could control a child’s understanding of corresponding aspects of
reality [5-8]. Assuming that various aspects of the imaginative intelligence could be isolated and tested
for their efficacy in the developmental process is perhaps of essence for this project. We consider the
singular paradigm of creativity but we are generally inclined to show that facets of language, verbal
processing, and visual-imaginative precepts may constitute separate enclaves in children’s minds
and that it is possible that one or other aspect may be instrumental in the execution of predefined
tasks. Interestingly, it should also show that creativity progresses by means of both selective and
synchronic organization of elements, and that practical engagement with such elements can lead
to a general development for children’s interpretative or learning abilities. Among other things,
the test packet employed here explains functions of at least two important faculties. Furthermore,
observation confirms that such practice could influence development on a long-term basis, for which
other temporally spaced tests might be necessary.

Research here indicates that applications of the principle may be effective for teaching and learning
at the elementary and middle school levels [9].

We intended to measure how verbal stimuli, generated from reading and storytelling, actually
completes and transforms levels of knowledge in the child. We set imaginative tasks to stimulate this
sense of meaning and interest in relation to real life problems and to explore why children’s fantasy
worlds are “so significant and interesting” and see how, as Egan said, we can use “what we learn from
this process for educational purposes” [10]. Imagination is a “new psychological process” for the child.
It represents a “specifically human form of conscious activity”. Like all functions of knowledge, it
arises originally from “action” [11]. Since creative imagination can be discovered in the products of
creative life, especially of children, we tried to see how elements of representation, by story-telling or
drawing, are incorporated in meaningful representations. The task of narrating or drawing objects
involves analysis and reintegration, reproducing arrays, and objectivity in complex formations. Hence,
the justification for the methodology adopted for the test.

2. The Quantitative Framework

There are disputes with the psychometric approach to studies on creativity and creative imagination.
Many scholars doubt that it is possible to quantify something as delicate as creative imagination
through standardized tests [12,13]. Consistently, in keeping with this line of thinking, Ausubel et al. [14]
proposed that creativity was an ‘innate capacity’; that is, a particularized and substantial capacity and
born with the individual, but it would be difficult to develop it under influences of environment. There
are some creative traits, however, that if developed, could turn to function as supportive instruments
for the intellect and the personality of a child.

We demonstrate similarly that categorical re-inforcements might actually help children in
our designated age group not only to deal with immediate instruments, but also learn to apply
creative imagination to such instruments for better alternatives. If proven, intrinsic abilities within
creative-imaginative modules may be shown to have positive effects children in the primary school
segment. As we said, this proposition is not new in the literature, but our research could probably
confirm the presence of variables in the project. We observed creativity in children to hypothesize if
certain elements already singled out in the literature are also not instrumental in domain of the tasks for
the experiment. We got to confirm that, among other suggested variables, creative imagination involves
at least the following steps: (1) ‘Encounter’, since any process begins with the presentation of a tangible
problem to the individual who engages with it [15]. (2) ‘Incubation’, during which an individual
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is continuously inspired by the reality of the problem [16]. (3) ‘Enlightenment’, corresponding to
the results of the process [17]. (4) Self-induced evaluation and verification, in which the participant
takes time to check the best options and ideas adopted [18]. We also endorse the profile of the
creative subject in terms of nine aspects, among several recognized instruments realized in such
authorities as Guilford [19] and Torrance [20]: These are originality, flexibility, production or fluency,
elaboration, analysis, synthesis, mental opening, communication and sensitivity to problem, and level
of inventiveness [21]. These factors are reduced to more computable categories for the experiment, as
are outlined in the section on methodology. Finally, what remains to be said is that these factors, after
careful extraction, are set aside specifically for verbal and visual creativity—the two more common
sensory functions responsible for semantically valid constructs.

3. Existing Models of Creativity: Review and Suggestions

The evaluation of creativity is, thus, a hotly debated topic ranging from skepticism about the
possibility of evaluation to asserting that creativity must be evaluated for purposes of improvement and
instruction. De la Torre [22] is one author that bets on evaluation. He proposed that creativity requires
inter and transdisciplinary approaches, since it has psychological, pedagogical, neurobiological, and
sociological connotations [23]. The importance of evaluation of is also defended by authors such
as Kaufman [24], who states that creativity is evaluated not only to measure the performance of an
individual, but to promote the same type of creativity through stimuli and incentives.

In order to evaluate creativity, different instruments have been employed, all of which have taken
into account the three major avenues to its understanding—namely, that of ‘creative process’ [25-27],
and finally, that of quantifying the ‘creative product” [28].

We should, thus, draw attention to these attempts in a systematic manner to follow the debate on
how attempts have been made to quantify, use, and develop creative practices in real terms. First of all,
studies on creative persons are usually aimed at identifying ‘personality’, ‘motivation’, ‘intelligence’,
‘cognitive styles’, and ‘knowledge’ that creative people possess or employ [29-31]. Most of these
studies conclude that there are certain factors or personality traits that are often associated with high
creativity in very different areas. These factors could be increased tolerance for ambiguity, willingness
to take risk, self-regulation, interest etc. In this sense, the creative person is described as being more
sensitive to problems and information gaps and seems to manifest a need to construct more hypotheses,
to investigate and to evaluate problems [26]. Some personality traits appear to be more frequent in
people who stand out for their artistic creativity and yet there are others that are more frequently
visible in fields of scientific inventions [28].

The other approach to factorial analysis of creative activity has been to consider the conditions
responsible for execution of novel tasks. The main models in this group attempts to describe mental
operations or phases that a person goes through or experiences during the making of a creative product,
such as exploration, incubation, insight, evaluation, etc. This approach also invites categorization
of creative thinking in terms that suggest that it is different from non-creative thinking: Such as,
for example, the extent to which creative thinking involves conscious, as distinct from unconscious
processes, or to what extent creative thinking is the result of external effects such as luck, or of long-term
efforts such as persistence and hard work. An example of this process-centered approach is the
“Geneplore” model proposed by Finke, Ward, and Smith [31] in which they identify two phases in the
creative process: A first of “generation”, generating many possible ideas that can solve a problem and
a second phase of “exploration”, in which the different possible solutions are evaluated to select the
most appropriate one. Another well-known approach is the one proposed by Csikszentmihaly [25],
which introduces, as we well know, the notion of “flow”. We do take cognizance of this model, as well
the former one, with their insistence on personality and processual actions.

But the third existing model seems to be more viable, especially for children where personality
is less complex, and products of creativity, such as drawing, are easier to deconstruct. Creativity
is a fundamental aspect of cognitive development and is behaviorally manifested, and hence, its
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measurement depends on variables reflected in the immediate products of psychomotor functions, and
this is perhaps more readily visible in children [32]. It is necessary to both evaluate and quantify the
behavioral manifests of creativity in order to understand if there are relevant correlations of elements
within constituents of those products.

So, as for this creative product model of creative imagination, scholars like Sternberg [33] and
Kaufman [24] point out that most creative ideas are characterized by the presence of three components.
First, that the creative idea must refer to something different, original, new, or innovative. Second,
creative ideas must lead to a quality product. Third, creative ideas will have to be appropriate for
the task or problem that is presented. In short, it could be said that a creative product must be novel,
of recognizably high quality, and relevant. Studies focusing on the creative ‘product’ try to determine as
to how to judge whether a particular work (poem, musical composition, drawing, etc.) is creative or not.
In this sense, some researchers propose to use the consensual assessment technique while estimating
the creativity of products or achievements of people or groups [13]. This technique involves judges
or experts in an area of knowledge, assigning scores to real products such as a written composition,
a poem, or a drawing. We would like to argue in favor of the fact that creativity should always be
evaluated in such concrete domains. An evaluative-quantitative approach centered on the product has
the potential of being more objective, although it would have the drawback of not allowing us to know
how the subject reaches the end product. It also makes it possible to identify subjects that have been
remarkably creative, but it does not make it easier to identify subjects whose creative potential are yet
to be developed [34].

The fourth factor, the pressures of the environment, emphasizes how the social environment, the
models to which one is exposed and the cultural values and attitudes that surround us contribute,
sometimes to a great extent, to foment or inhibit our creativity.

4. Creativity Testing in Children

Torrance [35] has made great contributions to the study of creativity; he became interested in
things that can be done before, during, and after a lesson to increase creative thinking. He indicated
that creativity is a process that is expressed in changes discovered, is a capacity that can be developed
and, in children, it is something that is confirmed through their productions, such as stories, fantasies,
and drawings. In addition, he designed a test to evaluate the four basic skills that reflect creativity:
Namely, fluency, flexibility, originality, and elaboration. In the most recent version of his test published
in 2008, he proposed some changes to the proposed indicators: Fluidity here refers to the ability to
produce a large number of ideas; originality now involves, for him, the ability to contribute ideas or
solutions that are far from the obvious, common, or established; elaboration appears as the aptitude of
detailing ideas; finally, again, titles for creativity refer in the latest version of the analysis to the ability
to generate ideas that capture the essence of drawings and sensory reproductions. Torrance also speaks
of the ability to generate original ideas, with intense images and details in addition to the stimulus.

The Torrance’s Creative Thinking Test [36] is based on Guilford’s theory of intellect [37] and is a useful
tool for evaluating both quantitative and qualitative aspects of divergent thinking, especially creative
products [38]. This instrument consists of a group of useful tests to evaluate the creative process as a
whole and also the specific skills that define it. The figurative expression section of Form 1A evaluates
the level of imagination in constructs like drawings and computes the products of the three following
activities: (a) Composition, (b) finish, and (c) parallels. The definition of creativity is far from reaching
an unanimity among members of the scientific community, but despite the diversity of perspectives,
most authors agree that it is a complex and multifaceted construct. Davis and Wechsler [39] and
Vendramini and Oakland [40] validate the Torrance test for the evaluation of divergent thinking; these
authors recognize the accuracy and validity of the assumptions regarding the structure of the novel
image. Most other similar studies report on the structural validity of the dimensions assessed in the
subtests of this test (fluidity, flexibility, originality, and elaboration) and even establish high correlations
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between them. The works of Guilford [19] and Torrance [35] set a milestone in the study and evaluation
of creativity based on psychometric and factorial perspectives.

Empirical evidence supporting the test proposed by Torrance [35] had its beginnings with the
1959 analyses of high school students where the three of the components of his test—fluidity, flexibility,
and originality—were extensively confirmed and agreed upon as being the best predictors of creative
achievement. Five years later, Torrance resent a questionnaire to the entire population that participated
in the research of 1959 and found that all predictors of creativity were significant at a level of 0.01.
In order to examine the relationship between the various indicators, a later study used Plucker’s
structural model in which it was argued that intelligence also has a positive effect on Torrance’s test [41].
Increments in the four factors—fluidity, flexibility, originality, and elaboration—when evaluated by
judgments of experts, reinforced the predictive validity of the test. In Plucker’s research, data were
examined under a Pearson product-moment correlation and a positive relationship was found between
the indicators of creativity and the criteria of intelligence in creative achievement. Various analyses
such as Plucker’s have confirmed that the Torrance test is highly predictive of creative production in
each of its indicators. Research of Terman and Oden (1959), Bloom (1985) [42], and Torrance (1993)
with highly intelligent and talented individuals emphasized the critical role of personality factors,
opportunity, experiences, and other environmental aspects that could play a role relevant to the
development of creativity. However, it is very clear that there are other additional factors that can help
or prevent the recognition of creative characteristics.

5. The Socio-Educational Context

Several authors such as Sanchez, Garcia, and Valdés [43] have indicated that in a country like
Mexico, there are no valid or reliable instruments of measuring children’s creativity. Therefore, it
was considered indispensable to validate Torrance’s creative thinking test for a sample of Mexican
students and to confirm psychometric properties of creativity in the population analyzed. Creative
development provides a path of maturation in which creative activity manifests itself at different levels
and in different ways. The present research aimed to analyze the incidence of imaginative strategies
solely for the narrative and drawing tasks assigned to the children of the fifth grade in primary schools
in Guanajuato, Mexico. The application consisted of a set of imaginative strategies in narrative and
drawing tasks for an experimental group, and also for children not subject to the program, or the
control group.

The assumptions of Torrance [35] and the later Torrance (2008) were considered as the starting
hypotheses. Individuals who exhibit high levels of creativity have a greater potential to benefit from
creative educational experiences and could be compared to groups of children with high and low
levels of creativity [34] as is also evidenced in the research of Olveira, Ferrandiz, Ferrando, Sainz, and
Prieto [44]. As for the only specific precedence, Soto and colleagues [45] already analyzed the construct
validity of the Torrance creative thinking test with a sample of 500 students from a primary school
located in an urban-marginal zone of the Iztapalapa delegation in the Federal District of Mexico.

Soto and his colleagues found that children with high scores showed an increase in graphic (visual)
creativity and also originality, elaboration, fluency, better title construction, and closure. Children
with low scores demonstrated increases in visual creativity and indicators of fluidity, originality, and
titles. It is important to note that, although significant improvement in total creativity was achieved in
both groups, a separate analysis was done for the group of highly creative children. Positive changes
were observed in all the indicators, while in the group with low observed creativity, increase was
recorded only in fluency, originality, and title-writing. Likewise, a decrease in the values of elaboration
and closure was found for the same by Soto and his colleagues. Differences in individual parameters
support the need of considering a variety of indicators for evaluating creativity, since the scores
exhibited significant increases in both intragroup and intergroup creativity, as well as in each one
of the indicators discussed. Different aspects of the same construct of creativity may show a certain
independence from one another and this may be a desirable quality of the instruments of measurement.
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Likewise, performance tests, questionnaires, self-reports, and tests involving subjective judgment
have been used to assess creativity in children from other Latin American countries [23,46,47]. The tests
of performance or skill that quantify the creative process, primarily of divergent thinking, are the tests
that have focused most on the psychometric factors of creativity. In this sense, Lépez-Martinez and
Navarro-Lozano [47] talks about tests of divergent thinking that are elaborated from Guilford’s SOI
test. We also refer to Perez and Avila [48], whose tests are based on Guilford’s multifactorial theory of
intelligence, which states that creativity is not an independent dimension, but is integrated in contexts
of many cognitive functions. Performance tests in Spanish made considerable use of versions of the
PIC instrument. In addition to performance tests, the PIC has related assessment tools: Self-report,
questionnaires, inventories, and scales that evaluate the characteristics of members in the sample.
But these tests have limitations and are specific to the objective of research. Based on what has been
said, this study aims to analyze if there is a statistical relationship between the scores obtained in
narrative and drawing manifests of creative imagination and, unlike Ramirez or Lopez’s study of
additional variables, aims to be a comparative analysis of factors that are agreed upon in the literature.
The PIC-A tests is based on the Guilford test battery, the turtle test, and latest versions of Torrance, and
may be explained in detail for purposes of arriving at conclusions regarding merits of relative factors
in creativity and also their synergic relationship to the broad question of how creative imagination
functions as a system.

6. Methodology

The PIC, or Prueba de Imaginacién Creativa Nifios [49], was applied to count creativity for the
experimental group (as well as the control group). The PIC may be translated as the “Test of Creative
Imagination in Children’. Generally, the PIC may be defined as a test of divergent thinking that evaluates
creativity by examining how individuals use creative imagination in their creative representations.
There are three versions of the PIC, for the levels of children PIC-N, adolescents PIC-], and adults
PIC-A, respectively, but all three versions have a similar structure of factorial measure for both verbal
creativity and visual or graphic creativity.

Its application can be either individual or collective; in our case, the PIC was applied to
participants individually. It also measures a ‘general’ creativity index for each participant. The scope
of the experiment was restricted to school children between the third and sixth year of their primary
education (with ages between 8 to 12 years). In terms of duration, the application could be variable,
although for our experiment, a time-frame of approximately 40 min was chosen. For this duration, the
PIC could be used to measure things like the ability to: (a) Formulate hypotheses (Exercise 1), (b) to
think in an unconventional way (Exercise 2), (c) to exploit imagination and fantasy (Exercise 3), and
(d) to employ, specifically, the graphic or imagistic imagination (Exercise 4). Results for the PIC are
expressed in percentile for each variable studied and for each course of activity. Finally, we need to
say that the materials for the test application was comprised of a test manual, an exercise copy, and a
correction booklet.

7. Sample

The sample consisted of 300 children, 150 of them belonging to the experimental group (75 boys
and 75 girls), and 150 corresponding to the control group (75 boys and 75 girls) from two public schools
in Guanajuato, Mexico. The ages of the children ranged from 8 years to 12 years; students had to
meet the following selection criteria: (a) Children could not have repeated or failed courses, (b) they
could not have taken art classes (like drawing or painting) or literature classes, in which parents or
guardians in charge might have influenced them in one of these two areas by demonstrating precepts
of imaginative instruction and interpretation. These aforementioned variables, namely those of art or
literature, were considered to restrict any prior intervention of factors that could have either affected or
strengthened children’s awareness or employment of creative imagination in some way or the other.
Children who had this prior stimulus may have had higher scores. To evade the intervention of these
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variables, we had to make sure that the children population were equivalent in both the experimental
and control groups.

8. Instruments

The PIC 2004, as we said, evaluates narrative creativity and graphic creativity to obtain a result of
general creativity for the imagination of children between 8 and 12 years. The 4 “tests” or “exercises”
are used to count four different facets of creativity originally suggested by Torrance (1966): Namely,
fluidity, flexibility, elaboration, and originality, both in their narrative and graphic aspects. It offers
scores on each of these facets and gives then a sum of both narrative and graphic aspects to render a
total score of creativity. It may be characterized as a simple instrument, easy to apply or readjust with
the help of guidelines given in the test manual. The term “game” is used on the front cover of the tests
in order to minimize the impression of an evaluation or examination for participating subjects, and to
obtain results of the application in an environment free from strict regulations since this encourages
the ludic tendencies of creative subjects. The first game evaluates fluidity and flexibility with the
help of an image in which children must write something by using given phrases to represent all the
ideas that they consider may be passing through their minds. In the second, fluidity, flexibility, and
originality are evaluated through a score for arrangement of one or several rubber tubes of different
sizes. The third test poses an unexpected situation for the young participants, which is that they would
need to imagine what would happen under implausible conditions, like in a situation in which a
squirrel would suddenly turn into a dinosaur. Finally, four incomplete drawings are presented in the
fourth game. Here, children had to complete each inchoate figure by drawing out something no one
has thought of before.

A pre-test and post-test were applied, for evaluating fluidity, flexibility, originality, and elaboration
according to the following criteria:

e  Fluency: Evaluated in games 1, 2, and 3. One point is registered for each proposed idea. Repeated
and non-pertinent answers are eliminated. To obtain score the total points for the individual
games (1,2, and 3) has to be added and placed in the corresponding box.

e  Flexibility: This is evaluated in games 1, 2, and 3. Again, one point is registered for each different
category. The number of categories is counted. To obtain the total, points from individual games
(1,2, and 3) must be added and then placed in the corresponding box.

e  Originality: This is evaluated in games 2, 3, and 4. Scores are obtained by multiplying the
coefficient that appears on the right, to obtain the total; similarly, all points must be added and
placed in the corresponding box. This score is given on a range of 0 to 3. In game 4, originality
is evaluated graphically by comparing the given answers of each drawing with the tables of
originality that are provided. A score of 0, 1, 2, or 3 has to be assigned depending on the matching
statistical frequency of the response.

e  Elaboration: The answer given to each drawing was assigned a score of 0 to 2 according to the
amount of details in it.

The application of the test was carried out individually, since it was assumed that the creative
imagination is a process that is strengthened individually.

9. Description of Experimental Procedure

To achieve the objectives set out in this research, which is to determine how creative
imagination augments learning and interpretive abilities, we examined an experimental group
with pretest-and-post-test measurement, with a control group.

This measurement was made to determine the effects of a set of imaginative strategies (independent
variables) on the dependent variable (creative imagination). In order to increase the internal validity of
the study, intervening variables were controlled, thus excluding variables such as training and repetition.
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10. A Detailed Report of the Pre-Test Activity

(1) A pre-test procedure was carried out, in order to ascertain the initial level of creative imagination
in participants of both groups. This was done on an individual basis, in the same school, and on the
same day.

Teachers and parents were informed of the objectives of the study and were solicited for
confidentiality. The families of the students gave authorization to carry out the study.

Prior to the application of the program, the group classes that were to constitute the experimental
group where the program was applied, and the group that was to constitute the control group, in
which only the PIC was applied, were randomly selected. The test was applied before and after the
development of the program in the experimental groups. The program was carried out in two centers.

The PIC pass is made during class hours and in a classroom where students are alone and
separated from their peers. It is a sunny classroom, well ventilated, and noise-free, following the
original instructions of the test manuals [49]. The application is made by the school counselor of
the center.

Each child received a copy of the application booklet. During the application, the children had a
varied material to paint (pens, waxes, markers, pencil sharpeners, erasers, etc.). The instructions were
adapted to the children’s age and comprehension skills. The applications were collective respecting
the distribution by classrooms, in a single session.

The test is applied at the beginning (pretest) and at the end (post-test) of the program development
to both the control group and the experimental group.

(2) Subsequently, it was applied to the strategies of the creative imagination that contained new
activities in the experimental group. The first strategy for increasing fluency and flexibility required
four activities (Guilford circles, mystery problems, brainstorming, other uses of everyday objects).
The other strategy for incremental originality and elaboration was shaped by five activities (verbal
analogies, relaxation and imagination, the best animal in the world, improvement of designs, and
the machine without use), which sought to increase the participants’ creative imagination through
indicators raised by Guilford (1950) and confirmed and developed by Torrance. Once again, these are
fluency, flexibility, originality, and elaboration.

11. Requirements and Exercises

The test consists of the accomplishment of exercises of complementation of drawings or graphs
previously designed and proposed so that the students complete them; they must provide all the
necessary ideas to make the drawing interesting. The test evaluates the creativity from the use that
the individual makes of his imagination. It consists of four exercises: The first three assess verbal or
narrative creativity and the fourth evaluates graphic creativity.

Exercise 1. In this exercise, from a situation that is reflected in a drawing, the individual has to
write everything that could be happening in the scene. The presented stimulus varies according to the
version of the PIC in question: In the PIC-N, a boy opening a chest; in the PIC-], a boy and a girl in
a lake; and in the PIC-A, an ambiguous scene is presented in the street, in which several characters
appear. This game allows the person to express their curiosity and imagination and has been included
to explore the ability to formulate hypotheses and think in terms of the possible. The test allows the
expression of curiosity and speculative attitude; the ability to go beyond the information provided by
the stimulus, by posing different possibilities with respect to what is imagined to occur on the scene.

Exercise 2. This exercise consists of a test, in which a list of possible uses of an object must be
elaborated, according to Artola et al. [49]. In this case, it is: “Uses of a rubber tube”; in this exercise or
subtest, the stimulus presented is the same in PIC-N as in PIC-] and PIC-A. This test is included as a
measure of the ability of individuals to free their mind and think in an unconventional way; allows the
evaluation of the “redefinition” of problems, that is, the ability to find uses, functions, and applications
different from the usual ones; to quicken the mind; and to offer new interpretations or meanings to
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familiar objects, to give them a new use or meaning. Subjects can use the number and size of tubes
they want. As in the first exercise, there is a list from 1 to 38, and it starts with an example.

Exercise 3. The exercise proposes subjecting subjects to unlikely situations. The situation presented
varies according to the version of the PIC. In PIC-N, the situation is as follows: “Imagine what would
happen if each squirrel suddenly became a dinosaur”; in the PIC-], the situation is: “Imagine what
would happen if the ground were elastic”; in the PIC-A: “Imagine what would happen if we did not
stop remembering”. The exercise evaluates the fantasy aspect of the imagination. This way of thinking
seems very important in creative behavior. This exercise identifies the capacity for fantasy and the
ability to handle unconventional ideas, which the subject probably would not dare to express in more
serious situations, as well as openness and receptivity to novel situations. It is interesting how the test
allows for the evaluation of the ability of “penetration” of the subject or ability to delve into experiences.
Some of the consequences of the presented situation are obvious and simple to discover, while others,
more remote, require a deeper study of the matter.

Exercise 4. This exercise is a graphic imagination test, inspired by the items of the Torrance Test
(1966), according to Artola et al. [49]; in it, the subject must complete four drawings from a given stroke
and put a title to each one of them. According to the authors, the incomplete figures used in game four
have been selected, after presenting several figures to a sample of people considered as very creative
(included in a program for gifted individuals), selecting the four that are most suggestive for them.
The only premise, before starting the test, is to ask them to try to draw a picture that no other person
could imagine; equally, the answers must give all the ideas necessary to make the drawing interesting.

12. Post-Test Assessments

(1). Nine activities were planned with three sessions per week. These activities took into account
everyday situations and objects that allowed participant children to express their imagination
through free expressions and reflecting them in a concrete way. Especially, narrative and graphic
aspects were stimulated given that both aspects are exercised in different areas of activity in school.

(2). After the intervention, the post-test evaluation was performed for both groups individually. The
objective was to analyze the impact of imaginative strategies in the narrative and the drawing
reflected in the context of a significant increase of score in the experimental group.

(3). After the post-test evaluation, an open interview with the teachers was used to compare the
results obtained and to develop a more in-depth discussion of the results of the intervention.
(Appendix A).

13. Results

Exercises 1-4, in their individual and combined applications, yielded the following results for the
four conditions underlined by Torrance [35] and developed in contexts of schoolchildren in Mexico
by Ramirez and colleagues [45], and also for investigative paradigm among primary school children
in Chile by Lubart [38]; Lopéz and Navarro [23] indicate a p-value < 0.01 for general creativity for a
comparative analysis of experiment and control groups in these categories.

Through Tables 1 and 2 we can observe the evolution of results before and after the program of
nine activities for creative development. Through the evolution of means and standard deviations,
the impact of the imaginative strategies in the narrative and the reflected drawing is observed in the
context of a significant increase in the score in the experimental group.
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Table 1. Mean and standard deviation calculated on EXCEL for pre-test variables of creativity for the
individual components suggested in the literature following Torrance (1966).

Variable Group Median Standard Deviation
. . Experimental 19.3 3.42
Narrative Fluidity Control 202 3.49
Narrative Experimental 17.6 3.31
Flexibility Control 18.6 3.43
Narrative Experimental 11.2 291
Originality Control 11.5 2.87
. S Experimental 6.1 2.03

h 1

Graphic Originality Control 59 219
. . Experimental 0.2 0.12
Special Details Control 02 011
. Experimental 21 1.03
Title Control 22 1.05
Experimental 0.3 0.07
Color and Shade Control 04 013
. Experimental 2 0.4
Elaboration Control 18 0.45

Table 2. Standard deviation in post-test variables for individual Torrance components of narrative and
graphic creativity for individually tested experimental and control groups.

Variable Group Mean Deviation
. L Experimental 25.4 3.82
Narrative Fluidity Control 75 319
Narrative Experimental 21.2 3.05
Flexibility Control 19.1 3.13
Narrative Experimental 153 3.41
Originality Control 14.5 3.07
. L Experimental 6.1 1.92
Graphic Originality Control 59 201
. . Experimental 0.2 0.24

1 Detail:

Special Details Control 0.2 0.15
. Experimental 2.4 0.93
Title Control 23 112
Experimental 0.3 0.07
Color and Shade Control 04 013
. Experimental 1.6 0.41
Elaboration Control 17 0.42

Table 3 shows results of inferential analysis obtained from the differences following interventions
related to each one of the variables, namely of verbal and figurative creativity. In the first column, the
mean change score is presented; in the second, standard deviation; while in the third column, the
significance of this difference is presented. In the follow-up test, the test scores of the TCTT and the
PIC-J are not comparable to each other at intra-group level because they are measured on different
scales of measurement. For this reason, only the differences observed at the intergroup level are
analyzed (Table 3).
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Table 3. Mean, standard deviation, and ANOVA results of intergroup differences in the creativity of
the follow-up test (PIC-N).

Variable Group M SD P
Narrative Experimental 52.5 7.02 0.009 **
Creativity Control 46.3 6.51 ’
. o Experimental 27.1 3.82
Fl *
Narrative Fluidity Control 26.6 3.19 0.072
Narrative Experimental 15.4 3.05 0.0001 **
Flexibility Control 15.9 3.13 '
Narrative Experimental 11.8 3.41 0.005 **
Originality Control 12.2 3.07 ’
. . Experimental 13.46 4.42
Graphic Creativity Control 12.12 397 0.001
. T Experimental 5.6 1.92
h 1
Graphic Originality Control 55 2,01 0.72
. . Experimental 0.17 0.05
Special Details Control 0.11 0.05 0.002
) Experimental 2 0.93
Title Control 22 112 0427
Experimental 24 0.07
Color and Shade Control 29 013 0.002 *
. Experimental 2.4 0.41
Elaboration Control 23 0.42
.. Experimental 65.4 7.88
General Creativity Control 60.3 6.62 0.005 **

Note: *** p <0.001. **p <0.01 *p < 0.05.

The results obtained from the narrative and graphic creativity in the monitoring test at the
nomothetic level show significant differences between the EG and the GC in most of the creativity
variables (Table 3). Specifically, the development of GE creativity is significantly greater than that of CG
in narrative flexibility, special details and graphic creativity (p < 0.001); in the elaboration, the narrative
creativity, the graphic creativity and in the general creativity (p < 0.01) and; in graphic originality
(p < 0.05). The development of narrative fluency and the title of the GE is greater than that of the CG,
but the difference between one and the other is not significant (p > 0.05).

A comparison of means was carried out using the Student’s t-statistic, in order to evaluate the
level of significance achieved after applying the strategies to the control group. Similarly, Pearson
correlation and linear regression between each indicator were established, and the overall result for
creative imagination of the experimental group was determined to verify the degree of association
between them. For this analysis, we used the statistical program SPSS for Windows. The following
graphs show the results according to the following criteria. In the X axis, there are six ranges that
contain the direct scores distributed in intervals: Where the range of the number of is greater, the
greater the score. The Y-axis represents the relative frequencies, which indicate the percentages of the
absolute frequencies of subjects grouped in each interval. Subsequently, the level of significance of the
totals in both groups are analyzed with the Student’s T, which is established from the midpoint of the
six intervals, in which the direct scores obtained by the subjects are distributed. Finally, we establish
the Pearson correlation in the experimental group between the indicators of the narrative and graphic
creativity in front of the general creativity as evidence of influence. The following is a summary of the
results of the open research.

In Figure 1, the narrative creativity dimension, results were obtained in the first four ranks for
the control group, with a higher percentage in the third. In the experimental group, however, no
results appear in the first column, and show an increase in the fourth column, reaching maximum
representation in the last one. This points to an increase in scores for the experimental group as
opposed to the control.
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Figure 1. Narrative Creativity.

As shown in Figure 2, in the context of graphic or image-based creativity, the experimental group
achieved its highest performance in the third range, followed by in the fourth one where its highest
percentages are noted. This, as well as what we see is the fact that it obtained high percentages in
the last two columns, unlike as in the control group, shows its highest percentages in the first three
columns, standing out in the second, and without showing results in the last two.

100% ontrol perime
80%
60%
40%
20%
0% 0% 0%
R1 R2 R3 R4 R5 R6

Figure 2. Graphic creativity (post-test).

As for general creativity (Figure 3), the control group scored in the first three ranges with their
highest score in the third, unlike the experimental group that showed results from the second to the
sixth range, but with the exception of the fifth.

100% W Control M Experimental
80%
60%
40%
20%
0%
1 2 3 4 5 6

Figure 3. General creativity post-test.
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As observed, the correlation is significant at the 0.01 level between the narrative dimension of
the test and that of overall or general creative imagination. This result is explained by the fact that
the strategies designed have a high component of activities related to narrative representation: Seven
activities out of nine focus on narrative creativity. This means that the component that had the highest
incidence in relation to the PIC test was narrative creativity. It seems that narrative creativity has a
high correlation with fluidity, flexibility, and narrative originality (see Table 4).

Table 4. Correlation Creativity Narrative to General Creativity.

NARRATIVE GENERAL
Pearson Correlation 1 0.994(**)
NARRATIVE Sig. (bilateral) - 0.000
N 300 300
Pearson Correlation 0.994(**) 1
GENERAL Sig. (bilateral) 0.000 -
N 300 300

Note: *** p < 0.001. * p < 0.01 *p < 0.05.

Unlike the previous result, the graphic dimension does not have a high correlation with a general
creative imagination scale (Table 5). The results suggest that graphic originality and graphic design do
not correlate more closely with total overall creativity (Appendix A). This means that the items of the
PIC test, as well as the strategies employed, support the changes of creativity in terms of narrative
rather than graphic creativity activity. However, as suggested in the discussion, the experiment
demonstrates evidence of the importance of writing and narrative in general creative imagination.

Table 5. Correlation of graphic creativity to general creativity.

CREATIVITY GRAFIC GENERAL
Pearson Correlation 1 0.135
GRAPHIC Sig. (bilateral) - 0.493
N 300 300
Pearson Correlation 0.135 1
GENERAL Sig. (bilateral) 0.493 -
N 300 300

14. Post Test Qualitative Assessment

It is important to note that a complete evaluation of children’s creative capacities requires
attending to other environmental, academic, familial, and social factors that may influence the overall
development of the child. This implies including qualitative information from observation scales
performed by teachers or from interviews with children, parents, and teachers, or taking quantitative
measures of attitudes and interests, peer nominations, teacher nominations, supervisor evaluations,
product judgments, self-reports of activities, or creative achievements [50]. Taking as reference the
Renzulli-Smith student characteristics rating scale and the Monterde primary school pupil observation
scale, we followed up on open interviews and discussion groups with tutors and teachers that attended
the performance of the sample of students. The objectives were several: To have a closer look, although
approximately, at their habits outside the school; inserting reflections on creativity in a wider framework
of knowledge of the people who contribute to the children’s formation and on the places that host
them. We met and listened to the people who lived with the sample of children, as a way to establish a
relationship of mutual trust and respect and to approach the peculiar reality of schools. Interviews
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were conducted on the same school day, in which tests were applied to children, during recess or at a
teacher-free time.

Tutors described boys and girls as generally restless and cheerful, and healthy in the broadest
sense of the word. They defined them also as very autonomous in their daily chores. Most children
come and go by themselves to school, are accustomed to go shopping from the age of seven, have their
gang of friends with whom they go out, and know to organize their games.

In the opinion of the tutors, the areas in which children showed more creativity are organization
of games using resources offered by the environment, the resolution of conflicts between themselves,
and their crafts. The tutors agree that the environment in which they live offers endless resources for
the promotion of their creativity. This, in addition to the freedom granted by their parents, helps them
to become more aware of their skills and interests. Tutors considered autonomy as a fundamental
aspect of the development of creativity. In their environment, children moved with confidence and
responsibility; outside of it, during cultural visits for example, they seemed to lose their safety and
sometimes appeared disoriented. In this case, the difference between those who are accustomed
to going out with the family and moving in different contexts and those who are not, were noted.
In general, they do not show special fears but are cautious and respectful of the unknown. There are
no evident problems of discipline. Children manifest in general self-control and respect towards the
school environment and the tutors.

The group of teachers who either attended or took care of the children reported positive attitude
and motivation after the experience generated by this research project. Regardless of the disciplinary
field in which they are found, the after-effects of artistic education can be adjusted to all educational
processes. A majority of the teachers agreed that transdisciplinary performances were generally
conducive to civic and ethical education, English, mathematics, and Spanish. A second group endorsed
transdisciplinary plastic arts education for better development of precepts in civic formation and ethics,
mathematics, and natural sciences. Likewise, this group of teachers expressed that they observed
creative thinking skills in their fourth-grade students, which are similar to those that formed part of the
conceptual framework of our research, especially to fluidity of thinking, originality, and elaboration.
The rest of the qualities stated by the teachers have little relation to the qualities that reflect creative
thinking abilities addressed in the conceptual framework of this research.

Most teachers agree that creativity does not consist of the perfect use of a technique to perform
an artistic work, because they recognize the need of creativity to solve problems of daily life as well.
Creative attitudes are often observed in students, in formats such as socializing and acquainting with
new and unpublished objects or creations, followed by indications that they relate to knowledge from
different fields to express their opinion on a topic. It includes production of novel hypotheses and
questions on introductory topics, in the same way they express gracious analogies about everyday
situations. It is logical to assume that many teachers find it very difficult to drive and follow up on
experiences generating creative thinking skills in their educational plans if they themselves had no
chance to experience them during their training processes in their respective training faculties, i.e., it
is not enough to learn from the concept of memory or copy the characteristics of such thinking. It is
necessary to make the activity existential [44].

Only two teachers were trained in concrete subjects of education and artistic appreciation, and a
great majority are unaware that children could be educated through the creative imagination. Moreover,
those who know him do not know how to do it. This awareness should lead to teachers using innovative
strategies in the classroom, and to believe in education, because children can be educated in other ways.

15. Discussion of Results

The implementation of the set of strategies confirmed the role of creative imagination in generation
of intelligible narratives and a smaller degree of its presence in graphic or imagistic solutions. While
selecting the activities that formed the strategies for the increase of the creative imagination, four
indicators were followed: Fluidity, flexibility, originality, and elaboration. Activities should involve

60



Educ. Sci. 2019, 9,175

criteria for the strengthening of each indicator, which, as a whole, would allow development of the
creative imagination.

Children could have unique ideas that could be positively valued and could arguably provide
them the confidence to freely express their ideas without the fear of being told that they are wrong.

Children who received the treatment showed receptivity and seemed to enjoy the activities.
Creative imagination is a capacity that can be enhanced through the implementation of relevant
strategies. Considering that both groups were equivalent with respect to the results of the pre-test,
it was clearly noticed that the experimental group, while receiving the treatment, reached significantly
higher levels of score in general creativity. Achievement of this increment means fluidity, flexibility, and
originality are causative factors for the process. Indicators of narrative creativity demonstrated a high
correlation compared to general creativity. This means that narrative indicators are relevant for the
strengthening of the creative imagination. On the other hand, when originality and graphic activities
are compared, indicators did not appear to reach superior significance levels, but demonstrated low
positive correlations.

This result, which is still provisional, allows us to believe that despite availability of novel resources
in direct acts of manufacture (involving things like unused machines, fantasy animals, verbal analogies,
improved designs), there is no high impact of graphic or visually concomitant imagination on general
creativity. If this result is extended to teaching scenarios in preschool and middle school children’s
education, it is possible to suggest that perhaps many graphic or drawing activities, which the teacher
asks children to do, have less than expected results or are perhaps redundant in the long run.

Neither is the association of drawing directly relevant to creative imagination. These results
suggest that creative imagination is not an act of reproduction [49,51], but a mental function that involves
elaboration and styles of thought [52], and that part of concrete images, when strengthened with
external stimuli—which, in this case, is represented by the given set of imaginative exercise—allows
production of something novel, something that was reflected in specific actions and involved activities
of an analytical character like writing.

16. Conclusions

The PIC appears to be a suitable instrument for detecting variations in general creativity. The results
point out that not only can there be variations in specific aspects of creativity, but also that general
creativity can be modified stochastically or otherwise, thus challenging the theoretical consideration
of Ausubel et al. (1998), who proposed that multiple intrinsic or extrinsic factors, in their isolated or
combined engagements, do not have a greater incidence on creativity. Though global in its cross-cultural
applications, the proposal for incorporating imaginary worlds in children’s curricula for children in
Latin American contexts, such as Bronstein or Bruner suggested, may not be an ineffectual contingency.

The results converge with some of the objectives of the research. The implementation of a program
that develops divergent thinking will favorably influence the creativity of students. It shows that a
creativity development program represents an instrument for teachers and children that provides
tasks and materials with which to rehearse a variety of ways to express their creative potential. These
results also suggest that the creative imagination is not an act of representation or reproduction, but a
mental function that involves thought, which starts from concrete images, and is strengthened with
external stimuli: In this case, the process is borne out in the set of imaginative strategies that allowed
us to effectuate something new. The effects were reflected in specific actions that involved analytical
activities such as writing. Finally, it should be noted that the PIC proved to be an adequate instrument
for measurement of variations in general creativity. Even though no pedagogical adaptations have
been made in the Mexican social context, this study offers evidence that allows its use to be relevant in
educational practice.
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Appendix A
Table Al. Correlation indicators for narrative, graphic, and general creativity.
. 1 . . . Graphic  Elabor .
Indicators Fluidity = Flexib.  Orignlty Narrative Orignlty. Graph. Graphic  General
Pearson 1 0.857(*) 0.832(**) 0967(*)  —0.041  0.164 0071 0.963(**)
FLUIDITY Correlation
Sig. (bilateral)  0.000 0.000 0.000 0.000 0.835 0.405 0718 0.000
N 300 300 300 300 300 300 300 300
Cfffe‘i;‘:m 0.857(**) 1 0754(%)  0911(*)  —0.041  0.048  —0.001  0.901(**)
FLEXIBILITY  gio (bilateral)  0.000 - 0.000 0.000 0835 0808  099%  0.000
N 300 300 300 300 300 300 300 300
Pearson 0.832(%)  0.754(*) 1 0.922(*) 0024 0.021 0031  0.918(*)
ORIGINALITY ~  Correlation
Sig. (bilateral)  0.000 0.000 - 0.000 0.904 0914 0.875 0.000
N 300 300 300 300 300 300 300 300
Pearson £23 ot ot . ot
TOTAL Comelation  0967(%)  0.911(%)  0.922(*) 1 0038  0.110 0.041  0.994(**)
NARRATIVE  Sig. (bilateral) ~ 0.000 0.000 0.000 - 0.849 0576 0.837 0.000
N 300 300 300 300 300 300 300 300
Pearson =
ORIGINALITY  Correlation  ~0041  —0041 0024 -0.038 1 0058  0.782(**)  0.044
GRAPHIC Sig. (bilateral)  0.835 0.835 0.904 0.849 - 0.770 0.000 0.824
N 300 300 300 300 300 300 300 300
Pearson "~
ELABORATION  Corelation 0.164 0.048 0.021 0.110 0.058 1 0.667(*)  0.164
GRAPHIC Sig. (bilateral)  0.405 0.808 0914 0576 0.770 - 0.000 0.404
N 300 300 300 300 300 300 300 300
Pearson _ o b
TOTAL Commn 0.071 0001 0031 0.041  0.782(*) 0.667(**) 1 0.135
GRAPHIC Sig. (bilateral) ~ 0.718 0.996 0.875 0.837 0.000 0.000 - 0.493
N 300 300 300 300 300 300 300 300
Pearson £23 *% E2a *%
CREATIVITY  Comrelation  0963(")  0901(*)  0.918()  0.994(")  0.044 0.164 0.135 1
GENERAL  Sig. (bilateral)  0.000 0.000 0.000 0.000 0.824 0.404 0.493 -
N 300 300 300 300 300 300 300 300

Note: ** Correlation is significant at the 0.01 level (bilateral).
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Abstract: This article addresses some fundamental issues of concept mapping relevant to
discipline-based education. The focus is on manufacturing knowledge representation from the
viewpoints of both human and machine learning. The concept of new-generation manufacturing
(Industry 4.0, smart manufacturing, and connected factory) necessitates learning factory (human
learning) and human-cyber-physical systems (machine learning). Both learning factory and
human-cyber-physical systems require semantic web-embedded dynamic knowledge bases, which are
subjected to syntax (machine-to-machine communication), semantics (the meaning of the contents),
and pragmatics (the preferences of individuals involved). This article argues that knowledge-aware
concept mapping is a solution to create and analyze the semantic web-embedded dynamic knowledge
bases for both human and machine learning. Accordingly, this article defines five types of knowledge,
namely, analytic a priori knowledge, synthetic a priori knowledge, synthetic a posteriori knowledge,
meaningful knowledge, and skeptic knowledge. These types of knowledge help find some rules
and guidelines to create and analyze concept maps for the purposes human and machine learning.
The presence of these types of knowledge is elucidated using a real-life manufacturing knowledge
representation case. Their implications in learning manufacturing knowledge are also described.
The outcomes of this article help install knowledge-aware concept maps for discipline-based education.

Keywords: concept map; learning; semantic web; knowledge representation; epistemology

1. Introduction

This article addresses some fundamental issues regarding concept mapping for discipline-based
education. The focus is on manufacturing knowledge representation from the viewpoints of both
human and machine learning, and the context is new-generation manufacturing (Industry 4.0, smart
manufacturing, and connected factory).

Many authors have studied about how to learn science- and engineering-based subject matters
in the early stage of formal education. Accordingly, it has been found that not only knowing about
a subject matter, but also doing about it (arguing about scientific theories and findings, suggesting
plausible solutions, and so on) can enhance learning [1-7]. This kind of education (knowing and
doing simultaneously) requires integration between theoretical and real worlds following three
phases, namely, investigating, evaluating, and developing explanations and solutions. As a result,
the learning must be driven by the following activities: (1) Asking questions and defining problems,
(2) developing and using models, (3) planning and carrying out investigations, (4) analyzing and
interpreting data, (5) using mathematics and computational thinking, (6) constructing explanations
and designing solutions, (7) engaging in argument from evidence, and (8) obtaining, evaluating,
and communicating information [8]. Having said that, it might not be true that all learners are free
from misconceptions [9-12]. Some efforts are required to help learners overcome misconceptions.
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When a learner continues her/his science- and engineering-based education at the tertiary level, the
abovementioned duality (knower—doer) intensifies due to some predefined educational objectives and
outcomes (e.g., the educational objectives and outcomes of the Accreditation Board for Engineering
and Technology (ABET) [13]).

Regardless of the level of formal education (school, undergraduate, or graduate level), some
motivating factors drive an individual to become a knower and doer simultaneously. The author
believes that two of the motivating factors are metacognition and meaningful learning. Metacognition
(thinking about thinking) is a higher-order human cognition that allows individuals to monitor and
redirect their thinking processes as needed [14,15]. Meaningful learning is perhaps a manifestation of
metacognition that emotionally attaches an individual to a learning process, resulting in a concept map
(a network of concepts) [16-20]. A remarkable feature of meaningful learning is that it integrates new
concepts with existing ones.

Concept map-based education has earned a great deal of attention [20-25]. It has spread
up to discipline-based education, including manufacturing engineering education [25]. As far as
manufacturing engineering education is concerned, concept map-based learning is significant from the
viewpoints of both human and machine learning. The significance of concept maps from the viewpoint
of human learning in manufacturing evolves due to the advent of learning factory [26-28], whereas the
significance of concept maps in manufacturing from the viewpoint of machine learning evolves due
to the advent of new-generation manufacturing systems [29-31]. Thus, as far as the advancement of
digital manufacturing is concerned, the construction process of concept maps has become an important
issue. A few authors have researched the construction process of concept maps in general. Some
of the noteworthy processes are as follows: Semantic gravity-driven concept mapping [21], process,
material, automation, and shape universe-based concept mapping [25], focus-question-based concept
mapping [32], and weighted concept induction-based concept mapping [33]. The remarkable thing
is that the contents of a concept map (intended for human or machine learning) boil down to some
propositions. These propositions can be categorized into some types of knowledge [21,31]. Therefore,
knowledge-type-aware concept mapping is one of the effective processes of constructing concept maps.
For this perspective, this article is written.

Accordingly, this article aims to provide more insights into the general categorization of knowledge
and its representation using concept maps from the perspectives of manufacturing engineering
education. Therefore, this article must describe the fundamental issues of manufacturing engineering
knowledge and its ICT-based representation from the perspectives of human and machine learning. It
must define the knowledge types from a domain-neutral perspective (i.e., epistemology). Lastly, it
must elucidate how to accommodate the knowledge types into the learning activities in manufacturing
engineering education through the formation of concept maps. Therefore, the rest of this article
is organized as follows. Section 2 presents the fundamental issue underlying concept mapping in
manufacturing engineering. Section 3 provides a knowledge classification method for organizing the
manufacturing engineering-relevant contents for concept mapping. Section 4 analyzes a manufacturing
engineering-relevant concept map using the proposed knowledge classification. Section 5 concludes
this study.

2. Fundamental Issues Regarding Manufacturing Knowledge Representation

The previous section states that concept mapping in manufacturing is significant from both human
and machine learning perspectives. The significance in terms of human learning evolves due to the
advent of a concept called learning factory [26-28], whereas the significance in terms of machine
learning evolves due to the advent of a concept called new-generation manufacturing systems [29-31].
On the other hand, the concept of learning factory is heavily linked to the concept of new-generation
manufacturing systems. Thus, before eliciting the fundamental issues of manufacturing knowledge
representation using concept maps, the relevant aspects of new-generation manufacturing systems
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must be elucidated. Accordingly, this section presents some of the fundamental issues relevant to
knowledge representation that center around new-generation manufacturing systems.

Manufacturing (or production) systems have continuously been evolving under the influence of
information and communication technology. As a result, a concept of new-generation manufacturing
systems has been evolved, which is referred to as Industry 4.0, smart manufacturing, connected
factory, Society 5.0, Made in China 2025, and alike [26-31,34—40]. The primary goal is to achieve an
active collaboration among hardware devices (e.g., machine tools, robots, measuring instruments),
software systems (CAD/CAM, ERP, and SCM systems), and human resources on a real-time basis
by exchanging the required data, information, and knowledge [34—40]. For achieving this goal, a
set of relevant technologies has been introduced, namely, human-cyber-physical systems, digital
twins, and the Internet of things [26-31,34-40]. Numerous authors have studied these technologies.
For example, Zheng et al. [31] reviewed Industry 4.0 and provided a system architecture where
the data intensiveness of design, monitoring, machining, control, and scheduling are classified into
four layers—namely, sensor and actuator deployment, data collection, big data analysis, and big
data-driven decision-making. The layers are organized in the order of edge (where an activity occurs),
fog (cyber-physical-human-integrated systems), and cloud (an ICT infrastructure for collecting and
disseminating information from/to a wide range of stakeholders). Koren et al. [34] described how
to modify the reconfigurable manufacturing systems in order to accommodate the functionalities of
Industry 4.0 [29,32]. They have emphasized that the human-cyber-physical systems or the systems that
reside in the fog (the mid-wear between edges and cloud) must be populated with the contents called
digital twin (computable virtual abstraction of real objects, processes, and phenomena). Ullah [30,38]
and Ghosh et al. [40] described that there are three kinds of digital twins, namely, object twin,
process twin, and phenomenon twin. Among these twins, phenomenon twin is the most challenging
twin to construct because the construction of phenomenon needs stochastic dynamical systems-based
formulation and user-defined technique to capture the dynamics of the underlying phenomenon [38,40].
However, Industry 4.0 or smart manufacturing is perhaps in its infancy. A great deal of research
lies ahead. For example, what the best architecture of new-generation manufacturing systems
should be is not known yet. Some authors consider that network-based architecture is suitable for
smart manufacturing [41]. Other authors consider that hierarchical architecture is suitable for smart
manufacturing [42]. Some authors consider that a shift to system modeling-centric activities from
(current) document meeting-centric activities is needed for smart manufacturing from both syntax [43]
and semantic [44] viewpoints. Some authors consider that manufacturing decision-relevant data,
information, and knowledge must be organized using bio-inspired computational frameworks for
machine learning [40—45]. From the human learning viewpoint, on the other hand, manufacturing
engineering-relevant educational contents can be organized in ABET-centric means [46] or other
e-learning-centric means [47,48]. No matter the intended use (machine learning or human learning), or
the level of sophistication (data, information, model, knowledge, simulation, and digital twin), the
manufacturing engineering-relevant contents must be represented by concept maps. The reason is
as follows.

Consider the evolution of web technology [49,50], as schematically illustrated in Figure 1. As seen
in Figure 1, the evolution of web technology entails two dimensions. One of the dimensions is
socialization, and the other is semantics (meaning of the contents). At the initial stage of web
technology (Web 1.0), the communication was mainly one-way, where the users could only read the
contents available on the web through the Internet. The next era (Web 2.0) materialized two-way
communication, adding a functionality called writing on top of reading. This era dominates current
web-based practices. The degree of socialization and semantics in these two eras has been limited.
In order to increase this degree, the semantics of the contents must be increased. This leads to a
concept called the semantic web [49]. Centering this new technology (semantic web), the web has
been transforming into a new era called Web 3.0/4.0 [50]. The ultimate goal is to materialize personal
intelligent devices. To achieve this, the contents originated in different information silos (e.g., big-data

67



Educ. Sci. 2019, 9, 228

coming from different domains) must be integrated. The integration requires “meaning base” of a
piece of content on top of the content itself. As a result, ontology-driven data structures of content
preparation for the semantic web has evolved [51]. Thus, new-generation manufacturing is moving
toward an era where the content preparation points out a scenario, as shown in Figure 2. As seen in
Figure 2, in the era of Web 3.0/4.0, the manufacturing contents (i.e., different types of experimental and
sensor data, models of products, machine tools, cutting tools, manufacturing processes, scheduling,
and models of different manufacturing phenomena) will incorporate both the contents (syntax) and
their meaning (semantics). The current trend shows that a user-defined description of the meaning
of the content must be incorporated along with the content itself [25,26,30,40,45,52]. The description
is inclined more toward user-defined linguistic expressions (soft) than toward predefined ontology
(hard). This softness in expressing semantics leads to concept map-oriented content preparation. This
means that for new-generation manufacturing, concept mapping [19-21,32] becomes a default choice,
no matter the content type of contents (model, data, knowledge, and alike) [25,26,30,40].
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Figure 1. Evolution of web and new-generation manufacturing.
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Figure 2. Manufacturing knowledge representation in the era of semantic web.

Apart from the issue of concept map-based content preparation for new-generation manufacturing,
it (new-generation manufacturing) entails some other fundamental issues because the systems involved
in new-generation manufacturing are supposed to operate as open systems. As such, independent
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domains might be linked as an ad hoc basis. As a result, the contents originated at unknown sources
can be shared for reuse. At the same time, the contents might be altered without prior notification.
This incorporates one more issue, called pragmatics [45], with syntax and semantics, as schematically
illustrated in Figure 3. The contents relevant to syntax mean codified contents for machine-to-machine
(M2M) communication; the contents relevant to semantics mean what does the content mean to the
stakeholders. The contents relevant to pragmatics, on the other hand, must ensure that whether or
not the contents are trustworthy to put into action. For the sake of better understanding, the concept
of pragmatics is shown along with syntax, which are schematically illustrated in Figure 4 using an
arbitrary example (i.e., the example of flower). Thus, manufacturing system developers must consider
these three aspects while preparing the contents using semantic web-embedded concept maps. Now,
one of the ways to tackle pragmatics, along with syntax and semantics, is to rely on the epistemic
nature of the contents. This leads to a knowledge-type-aware concept map construction process. Before
describing the general process of a knowledge-type-aware concept map construction process, the
epistemic classification of knowledge and their origin must be articulated. This issue is described in
the following section.

—— Domain X —— Domain Y

8 3.0/4.0

Syntax
Semantics
Pragmatics

Figure 3. Fundamental aspects of content sharing in new-generation manufacturing.
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2N (Meaning) ragmatics

(Putting 1n action)
Figure 4. The concept of pragmatics, along with syntax and semantics.

3. Epistemic Classification of Knowledge

In general, a piece of knowledge is a proposition that is “justified true belief”. Notably, a piece
of knowledge means facts, principles, theories, and practices that are accumulated by learning; both
cognitive reflections and direct experiences of individuals or groups can contribute to articulate a
piece of knowledge [26]. Numerous authors have classified knowledge in different ways. From
the viewpoint of an organization, knowledge is categorized into two categories, explicit knowledge
and tacit knowledge [53,54]. Explicit knowledge can be formally represented for reuse, whereas
tacit knowledge cannot be represented explicitly, because it is in possession of an individual or a
group of individuals working in an organization (e.g., the skill to operate a machine tool). Based on
semantic gravidity, knowledge can be classified into four types, namely, novice knowledge, theoretical
knowledge, practical knowledge, and professional knowledge [21]. However, the author believes
that epistemology (the branch of philosophy that deals with the origin and nature of knowledge) [55]
is perhaps the best inspiration for classifying knowledge. Immanuel Kant [56] proposed one of the
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well-recognized epistemic classifications of knowledge. Kant considered both idealistic and realistic
arguments of knowledge formation and proposed that there are three main types of knowledge, namely,
analytic a priori, synthetic a priori, and synthetic a posteriori knowledge, as schematically illustrated
in Figure 5. Analytic a priori knowledge means the knowledge gained by defining things (e.g., all
bachelors are unmarried males; a triangle has three sides; feed rate is the velocity at which a cutting
tool is advanced against the workpiece; and alike). Thus, analytic a priori knowledge is always true
(i.e., tautology). On the other hand, synthetic a priori knowledge is the knowledge that is gained
by using a mathematical deduction. Some of the examples of synthetic a priori knowledge are as
follows: 7 + 4 = 11; p = the summation of included angles of a triangle is equal to 180°; the theoretical
maximum surface roughness height of a turned surface is given as R; = 125( f2 / rg) um, where f is the
feed rate (mm/rev) and 7. nose radius (mm) of the cutting tool; and alike. Synthetic a priori knowledge
is true within the relevant context. For example, p is true when the triangle is drawn on a planner
surface, not on a curved surface. The same argument is valid for R; = 125( f2 / re) um, i.e., it is true
only when the relevant assumptions are obeyed. The other Kantian category of knowledge is called
synthetic a posteriori knowledge. This category of knowledge evolves from real-world experience (or
experimentation) (e.g., bachelors are rich; an apple is good for health; the feed force is less than the
cutting force; and alike). As a result, synthetic a posteriori knowledge can be proven true, partially
true, partially false, and even false, i.e., it is true for a stakeholder but may not necessarily be true for
others (i.e., it is a matter of fact).

Cognitive world Real world Pragmatic world

Meaningful knowledge

2 Analytica priori knowledge Analytic a posteriori knowledge (Knowledge due to
,—t (Knowledge gained by defining (This type of knowledge is not pragmatic preference)
& things) possible)
It seems to me...
= q S a P
= Synthetica priori knowledge Synthetica pOS.teI’IOI'I knowledge Skeptic knowledge
< (Knowledge gained from (Knowledge gained from )
c . X : . A . (Knowledge for action)
& mathematical/logical deduction)  experience/experimentation)

Idealism Realism Pragmatism

Figure 5. A knowledge continuum.

However, Kantian knowledge is based on the fact that a human being is primarily a knower, as
shown in Figure 5. As mentioned in the first section of this article, a human being can be a knower
and doer at the same time. In the doer mode, a human being remains pragmatic and gives priority
to her/his preferences and judgment, even though everything is not clearly known in terms of other
forms of knowledge. The knowledge gained in pragmatic mode can be of two types. One of the
types evolves in the analytic mode. It is referred to as meaningful knowledge as if it is the outcome of
meaningful learning. It thus injects new concepts, as it is the result of an individual’s preference: “It
seems to me that ... .” For example, consider the following proposition: “A cutting tool having an oval
cross-sectional area performs better than a cutting tool having a circular cross-sectional area while
removing material around sharps corner of a workpiece in milling.” This is an outcome of meaningful
learning because it injects a new cutting tool (oval-shaped tool) to solve a problem (remove material in
the sharp corners of a workpiece). This proposition cannot be proven true or false until there is a piece
of supportive synthetic a priori or synthetic a posteriori knowledge available. As far as manufacturing
is concerned, this type of knowledge can dominate other types of knowledge. The other type of
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knowledge in doer mode is defined as skeptic knowledge. It evolves in the synthetic mode. It may or
may not inject new concepts. It is directly related to other types of knowledge. Skeptic knowledge
often leads learners to ponder a course of action to study further. Thus, it is somehow linked to
other types of knowledge; that is, it is a purposeful interpretation of an individual based on other
available pieces of knowledge. For example, consider the following proposition: “Reduce feed rate to
ensure a better surface finish.” It is a piece of skeptic knowledge and helps take a course of action (e.g.,
optimize a material removal process), even though the rationale is somewhat informal. However, when
skeptic knowledge is directly related to a piece of meaningful knowledge, the skepticism regarding it
(meaningful knowledge) manifests the skepticism regarding skeptic knowledge. At the same time, it
follows other concept maps as a part of further study regarding the subject matter. It means that skeptic
knowledge acts as a tool for enhancing meaningful learning among learners. This is exemplified in the
next section.

Nevertheless, other than the analytic a priori knowledge, all the types of knowledge mentioned
above can be proven false. This means that a learner, either a human being or a machine, can set a
strategy to verify or validate whether or not a given piece of knowledge is true before using it. The
strategy will depend on the type of knowledge. For example, if the type of knowledge is synthetic
a priori, the learner is supposed to find out the deductive steps and relevant definitions (analytic a
priori knowledge) to determine the truthfulness of it. If the type of knowledge is synthetic a posteriori,
the learner is supposed to find out the rationales and integrity of the relevant experimental results or
experience to determine the truthfulness of it. If the type of knowledge is meaningful knowledge, then
the learner must identify the innovative process that leads to the conclusion (meaningful knowledge)
or identify the analytical or experimental processes that lead to the meaningful knowledge. If the
type of knowledge is skeptic knowledge, then the learner must extract the pieces of relevant pieces of
background knowledge (analytical a priori, systematic a priori, synthetic a posteriori, or meaningful
knowledge) that helped the knowledge formulator to conceive the skeptic knowledge for taking actions.

4. Concept Map Creation and Analysis

Having described the fundamental issues and types of knowledge, it is time to create and analyze
a concept map containing manufacturing engineering contents.

It is worth mentioning that many authors have studied subject matter-based educational needs
and relevant ICT infrastructures from the viewpoint of new-generation manufacturing [25,46,57-60].
Some authors have emphasized a particular type of knowledge structure and its transformation [61]
for the sake of active learning and teaching. Some authors have emphasized concept map-based
content preparation [25] for enhancing meaningful learning in manufacturing [16-21]. In addition,
many concept maps carrying both theoretical and empirical knowledge of manufacturing can be
found in [25,30,31,40]. Some of them are for human learning [25], and some of them are for machine
learning [30,31].

However, the concept map-based learning performances of some undergraduate engineering
students have been reported in [25]. One of the remarks made by the learners is about the size of
the concept map (large size makes the content less attractive and cumbersome). Another important
observation made by the learners is that some of the concepts are controversial, and, thereby, difficult
to comprehend, even though excellent illustrations and references are embedded in the concept
maps. As a result, the central theme of meaningful learning (avoiding memorization [16-21]) gets
affected. The root cause of this is perhaps the presence of synthetic a posteriori knowledge, meaningful
knowledge, and skeptic knowledge in the concept map. This means that some of the concepts
may appear to be analytic a priori, but they are meaningful knowledge or even skeptic knowledge.
In this case, the instructor may put more effort into explaining these pieces of knowledge so that
the learners avoid memorization or seek other reference materials to grasp the real meaning or
counterexamples. As a result, knowledge-aware concept mapping can make the maps systematic and
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comprehensible to learners. At the same time, the instructor can carry out the teaching activities in a
more systematic manner.

For example, a relatively small concept map is constructed based on the concept map of a turning (a
widely used manufacturing process) shown in [25]. For the sake of better understanding, a well-known
subject matter—the shear plane theory of a material removal process—is considered, as illustrated in
Figure 6. Mechanical or manufacturing engineering students learn the shear plane theory (Figure 6)
at the undergraduate level, which is an oversimplified model of chip formation in material removal
processes [62]. The symbols shown in Figure 6 have their usual meaning. Numerous propositions
can represent the knowledge underlying the contents shown in Figure 6. Each proposition should be
based on a type of knowledge described in the previous section. The number of propositions depends
on the individual who formulates those.

Shear plane Y Geometric Fact

ZABE=¢+1-0

B Maximize Shear Stress
7
2 F ' .
Fy=F, = ZABE=—
C 4

Ft
Workpiece

:¢=%+(a—‘r)

@) (b)

Figure 6. Shear plane theory of material removal process. (a) Shear plane theory; (b) position of shear
plane angle.

Figure 7 shows a screen-print of the semantic web constructed to represent the knowledge
underlying Figure 6. It can be accessed through the Internet from the URL shown in [63]. The icons
shown in the nodes called “here” have links to the illustrations shown in Figure 6. If needed, other
contents (video clip and other concept maps) can be linked to the appropriate nodes of the concept
map shown in Figure 7. Since there are no experimental facts associated with Figure 7, there are
no propositions regarding the synthesis a posteriori knowledge in Figure 7. Synthetic a posteriori
knowledge relevant to turning can be found in the concept maps reported in [25,30,45].

The concept map shown in Figure 7 boils down to the following propositions.

(1) The components of two balancing forces (illustrated in Figure 6) act while removing materials in
the form of a chip from a workpiece.

(2) Workpiece materials become the chip from a plane called shear plane due to the action of a
cutting tool.

(3)  The chip forms by maximizing the shear force, resulting in the included angle ZABE (illustrated
in Figure 6) equal to 7t/4.

(4) Shear force acts along the shear plane.

(5) Theincluded angle Z/ABE is equal to ¢» + 7 — a based on the geometric relationships among the
three pairs of forces illustrated in Figure 6.

(6) Two balancing forces (illustrated in Figure 6) can be represented by three pairs of forces, where
each pair consists of two orthogonal components.

(7)  Cutting force acts in the direction of cutting velocity.

(8) Cutting force is a component of one of the three pairs of forces (illustrated in Figure 6).

(9) The shear plane angle is given as ¢ = 11/4 + (a — 7).
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Figure 7. Print-screen of a semantic web-embedded concept map.

Consider the first proposition: The components of two balancing forces (illustrated in Figure 6)
act while removing materials in the form of the chip from a workpiece. It is a piece of synthetic a priori
knowledge because it comes from a mathematical deduction that two forces must act along a line but
in the opposite directions to maintain a balance. This is true because the external forces acting on the
workpiece makes a static balance; otherwise, the workpiece may move out from the holding devices.

Consider the second statement: Workpiece materials become the chip from a plane called shear
plane due to the action of a cutting tool. This proposition is a sophisticated form of knowledge because
it entails two forms of knowledge, namely, analytic a priori knowledge and meaningful knowledge. If
the proposition is rewritten using two propositions, then this duality of knowledge can be understood.
For example, consider the following two propositions: (2-1) Workpiece materials become the chip due
to the action of a cutting tool; and (2-2) Workpiece materials become the chip from a plane called shear
plane. Proposition 2-1 is a piece of analytic a priori knowledge because it just defines the manufacturing
process (chip formation is necessary for achieving material removal in machining), as well the role
of a cutting tool. On the other hand, the other proposition (proposition 2-2) is a piece of meaningful
knowledge. The reason is that one has considered this concept (shear plane) to explain chip formation.
Chip formation can occur from a region (not a plane) [62]. This means that the idea of the shear plane
is somewhat controversial at this point. As far the knowledge-aware construction of concept maps is
concerned, the map shown in Figure 7 needs revision, avoiding the mixing of the types of knowledge.

Consider the third proposition: The chip forms by maximizing the shear force, resulting in the
included angle ZABE (illustrated in Figure 6) equal to 7t/4. It is also a piece of meaningful knowledge
because a new concept is injected (maximizing the shear force) to set the value of the angle ZABE. There
are other ways to perceive this case. For example, one can consider instead that “minimizing energy”
is the phenomenon that takes place while removing the chip from a workpiece during machining [62].
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Therefore, comprehending this knowledge requires some effort from the learner’s side and making it
compressible requires efforts from the instructor’s side.

Consider the fourth proposition: Shear force acts along the shear plane. It is a piece of analytic
a priori knowledge that defines the concept of shear force with respect to shear plane. Even though
this proposition is a piece of analytic a priori knowledge, it is coupled with another concept (shear
plane) that also needs to be defined. Since the concept of shear plane refers to a piece of meaningful
knowledge, the comprehension regarding the shear force creates an amount of fuzziness among
the learners. Therefore, this piece of knowledge creates what can be referred to as fuzzy circularity.
Therefore, both concepts (shear force and shear plane) must be handled with care during the process of
learning and teaching.

Consider the fifth proposition: The included angle Z/ABE is equal to ¢ + 7 — a based on the
geometric relationships among the three pairs of forces illustrated in Figure 6. It is a piece of synthetic
a priori knowledge because /ABE = ¢ + 7 — a is deduced from the geometric relationships shown
in Figure 6. Therefore, if the learns can follow the steps used in the deduction, the validity of the
proposition becomes clear to them. The instructor may set some exercises for the learners to master
the steps.

Consider the sixth proposition: Two balancing forces (illustrated in Figure 6) can be represented by
three pairs of forces, where each pair consists of two orthogonal components. It is a piece of synthetic a
priori knowledge because, from a mathematical point of view, a planner force can be deduced into
two orthogonal components. Regarding the three pairs of forces, the following comments can be
made. Consider, for example, the force acting between the cutting tool surface and the chip (Figure 6).
Whenever an object slides against another, friction force occurs, and its magnitude depends on the
surface condition (coefficient of friction) and the force acting normal to the sliding surfaces. This kind
of explanation is deductive truth that relates basic knowledge of physics and engineering science.
The same arguments hold for the other two pairs of forces. Therefore, there is no problem treating
proposition 6 as a piece of synthetic a priori knowledge.

Consider the seventh proposition: Cutting force acts in the direction of cutting velocity. It is a
piece of analytic a priori knowledge because it defines cutting force; that is, a force that acts in the
direction of cutting velocity. Even though this proposition is a piece of analytic a priori knowledge, it
is coupled with another concept (cutting velocity) that also needs to be defined. Therefore, this piece
of knowledge creates a circularity. This time it does not entail fuzzy circularity, unlike the case for
proposition 4. This time, it is rather a simple circularity. Nevertheless, both concepts (cutting force and
cutting velocity) deserve explanation with respect to each other, requiring extra care from both the
learner’s and instructor’s sides.

Consider the eighth proposition: Cutting force is a component of one of the three pairs of
forces (illustrated in Figure 6). It is a piece of synthetic a priori knowledge because, from the
knowledge of mathematics (vector algebra), it is clear that a planner force can be decomposed into
orthogonal components.

Consider the last proposition: The shear plane angle is given as ¢ = /4 + (@ — 7). It is a piece of
skeptic knowledge, though it seems a piece of synthetic a priori knowledge. The reasons are two-fold.
The first reason is its epistemic nature, and the other reason is its ability to trigger other learning
activities that can incorporate other concept maps. This is schematically illustrated in Figure 8. As
seen in Figure 8, at least two new concept maps, denoted as Map-1 and Map-2, can evolve due to this
piece of skeptic knowledge. While pursuing Map-1, the link of the proposition 9 (skeptic knowledge)
with other propositions can be considered. It is directly related to propositions 2, 3, and 4, which entail
meaningful knowledge. Since a great deal of skepticism is already associated with propositions 2, 3, and
4, as described above, proposition 9 is automatically subjected to a great deal of skepticism. Therefore,
learners can seek other pieces of meaningful knowledge (say, “the chip forms by minimizing energy at
the shear please”) [62]. In this case, the included angle ZABE (illustrated in Figure 6) will no longer be
equal to 71/4, resulting in a relationship other than ¢ = 7t/4 + (a — 7). If so, new pieces of knowledge (say,
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¢ = 7t/4 + 0.5(a — 7)) may evolve [62]. This results in a new concept map, denoted as Map-1. Consider
the concept map Map-2. The learning activity can also be directed toward incorporating some pieces of
synthetic a posteriori knowledge (experimental facts). In this case, the apparent learning activities are
as follows. According to Figure 6, the ratio between the thicknesses of the undeformed material before
chip formation and deformed material after chip formation (denoted as r) is equal to sin(¢)/cos(¢p — a).
An experiment can be carried out to know r for a predefined a (rake angle). If these experimentally
determined values of r and ¢ are input in r = sin(¢)/cos(¢ — a), the value of ¢ can be calculated. This
calculated value can be compared to the theoretical one, ¢ = m/4 + (@ — 7). Thus, proposition 9 (skeptic
knowledge) leads to some learning activities to know about the nature of machining from different
points of view, to see whether or not the associated meaningful knowledge can be trusted. In other
words, proposition 9 can enhance discipline-based education.

Skeptic knowledge:
The shear plane angle is

givenas ¢ = 74 + (a-7). Map-1

Map-2

Learners

Figure 8. Learning enhancement through skeptic knowledge.
5. Conclusions

Though concept mapping has contributed to different levels of education, its construction and
deployment processes require a great deal of study. As far as manufacturing engineering is concerned,
both learning factory and human-cyber-physical systems (i.e., human and machining learning) have
opened new opportunities for concept maps and brought new challenges as well. The proposed types
of knowledge (analytic a priori, synthetic a priori, synthetic a posteriori, meaningful, and skeptic
knowledge) can help exploit the abovementioned opportunities and tackle the challenges. This is clear
from the contents presented in the previous few sections.

In order to educate students with the basic knowledge of material removal (a common topic that
all manufacturing engineering students study at undergraduate degree level), a nine proposition-based
concept map has been introduced. The map represents knowledge of the shear plane theory of material
removal. All types of knowledge are integrated into the map, except synthetic a posteriori knowledge.
The remarkable thing is that the learning process directs the learners to form new concept maps,
wherein the not-yet-included type of knowledge (in this case, synthetic a posteriori knowledge) is
likely to appear. This directs the whole learning process in the direction of meaningful learning.

Instead of the presented concept map, a concept map without embedding synthetic a priori
knowledge can be considered for the same purpose (educating students with the basic knowledge
of material removal) and can be observed whether or not the learners propose another concept map
that incorporates synthetic a priori knowledge. This means that there is enough room for further
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investigations showing the education capability of concept maps and, thereby, meaningful learning,
while offering manufacturing engineering education.
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