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Abstract: The development of creative thinking and creative problem solving is an important part of
modern sustainable education. In teaching graphic design, educators should ensure the cultivation of
sustainable creativity among students. Creative thinking and program development can be facilitated
with the help of effective thinking tools. Among the various thinking tools, mind maps represent
an easy-to-use visual diagram-based divergent thinking tool. However, few studies have examined
the impact of mind maps on sustainable creativity in the design discipline. Similarly, few empirical
studies have been conducted to analyse deeply the functional structure of and a graphic design
education based on mind mapping. This study aims to examine the relation between students’ use of
mind mapping tools and sustainable creativity in implementing mind mapping-based graphic design
activities with a sample size of 35 first-year design students. Through an empirical experiment, each
student was asked to create a mind map and generate a new graphic design work based on the given
experimental materials. The results showed that the mind mapping tool plays an important role
in the pre-conceptualization phase of the design process. This tool can effectively help designers
develop creative ideas, stimulate their minds, and help them maintain their creative energy and have
a sustainable and innovative creative ability.

Keywords: creativity; sustainability; creative thinking; mind mapping tool; graphic design education

1. Introduction

Creativity is typically defined as the ability to produce novel and useful products in a
given social context [1]. It is a topic of wide scope that is important at both the societal and
individual levels for a wide range of task domains [2]. At a societal level, organizational
creativity was defined as the creation of a valuable, useful new product, service, idea,
procedure, or process by individuals working together in a complex social system [3].
Innovation is one of the motivators of the sustainable development of organizations [4]. At
an individual level, creativity is used to solve problems [2], and it is a function of three com-
ponents: expertise, creative thinking skills, and motivation [5]. The concept of creativity in
this study refers to individual creativity. Therefore, training a large number of outstanding,
quick-thinking, and well-educated creative talents, while leading their creative abilities
towards sustainable development, has become a social and economic strategy among coun-
tries to solve their sustainable development problems. Expanding innovation education
into sustainable innovation education and strengthening the cultivation of college students’
innovation ability can promote the future development of college students and meet the
requirements of a national sustainable development strategy. Higher-education students
are at the age where their minds and imagination are at their richest and most creative.
As such, integrating the concept of sustainable development into higher education will
cultivate a group of modern and talented individuals.
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Sustainable creativity can be understood as the sustainability of the creative process,
which concerns sustainability not as a means but as an end in itself [6]. Creativity and inno-
vation have long been recognized as critical to ensuring sustainable competitive advantages,
added value, and even survival [7]; they are higher-order psychological functions that
distinguish humans from other animals [8]. Creativity plays a central role in sustainable
development [9] and is an important tool in searching for a more sustainable future [10].
‘Sustainable development’ aims to improve sustainability among people’s creativity, which
will help humankind fully adapt and transform their living environment and maintain it
with sustainable development. Sustainable innovation capability is aligned with society’s
sustainable development strategy; it is the ability to innovate continuously. Innovation is
the most important source of power for a country’s economic development. The term ‘sus-
tainable learning’ refers to education and teaching that can achieve a sustainable lifestyle.
It is the transferability of learning from formal environment to informal environment, or it
can also be called lifelong learning. The ability of sustainable learning and creativity needs
to be developed in graphic design education [11]. This study focuses on how to cultivate
students’ sustainable creativity in graphic design teaching and practice activities.

Graphic design is one of the most important foundational disciplines for cultivating
the creative potential of design students. It can develop students’ thinking abilities and
imagination, as well as help them think creatively, learn to accumulate design knowledge
from real life, and discover new design elements. Graphic design is an ideal discipline for
practicing and developing creative problem solving. An integral part of the graphic design
process is sustainable creativity, which is an inexhaustible driving force for innovation. A
modern approach to design that promotes creativity should emphasize the importance of
critical thinking skills, technical skills, positive attitudes, and other relevant values [12].
In teaching and conducting graphic design activities, an especially important aspect to
focus on is the cultivation of students’ sustainable creativity, which entails helping students
develop a more sustainable way of learning. The essence of graphic design education is
improving the creative thinking ability of new design students [13]. Creative thinking
helps designers find design solutions for new products or improvements for established
products. It is also an important component of sustainable innovation design [14,15]. One
of the core responsibilities of design teachers is to develop the critical thinking process of
novice designers [16]. Divergent and inspirational thinking, when included in the teaching
of creative design thinking, can help students develop creative thinking skills and promote
sustainable innovation among designers. Currently, many educational institutions are
placing increasing emphasis on the concept of creativity: ‘Creativity is now as important
as literacy in education, and should be treated with the same status’. Creativity develops
students’ ability to express themselves and use their imagination to solve problems by
creating novel and valuable solutions [17]. Indeed, design students can develop their sense
of aesthetics and creative expression through early graphic design training, thereby im-
proving their visual communication skills and design aesthetics, and laying the foundation
for later design practices (e.g., product design, architecture, and interactive design) [18–21].
Graphic design is a creative field that requires students to think outside the box [22]. In
the field of graphic design, creativity refers to a student’s ability to solve various prob-
lems consistently. Problems in design are often seen as creative problems [23]. Therefore,
problem-solving includes finding appropriate solutions. The goal of graphic design edu-
cation is to guide students’ intuitive and conscious efforts in creating a meaningful order
out of design-related elements [24]. A challenge faced by every graphic design educator
is carrying out teaching activities while also contributing towards the development of
sustainable innovation abilities among their students.

Thinking tools help students to learn, think, and express in a visualized way, so as
to help students broaden their thinking space and cultivate higher-order thinking ability.
The use of thinking tools in graphic design education contributes to creative thinking
and program development. Thinking tools also help innovative individuals maintain
their creative energy. Kokotovich’s [16] creative mental synthesis experiment showed that



Sustainability 2021, 13, 5373 3 of 15

when subjects are asked to develop ideas without concretizing concepts mentally, they
are able to produce a greater number of creative ideas. Therefore, introducing industrial
designers to problem-structuring strategies and tools has proven beneficial in bringing
their design thinking framework closer to that of design professionals. Divergent thinking
is the natural thinking mode of human brain. Divergent thinking tools can adapt to the
needs of brain thinking mode. They can frame various trivial text content into a hierarchical
tool map with symbols and lines, images, and vocabulary, which has the positive effect
of clearly and efficiently leading the process of divergent thinking. In the process of
using divergent thinking, the relationship between individual ideas and ideas is constantly
expanding, resulting in more new ideas and the emergence of original ideas. Graphic
creativity always depends on the creative association of designers. The association method
can help designers to open the channel of creative thinking, make the invisible ideas
transform into tangible images, and create new images [25]. Oxman believed that mind
maps represent a simple and easy-to-use thinking tool based on visual diagrams that
are also teachable [26]. It can effectively help designers make creative associations and
stimulate their minds. The use of innovative design technology can maximize the potential
of creative thinking, helping designers design novel and advanced products that meet
people’s needs. Designers are recommended to use proper divergent thinking methods
(e.g., mind maps) to organize relevant thoughts and produce innovations in product design
quickly [27]. Many researchers found that mind mapping was a useful tool and a kind
of widely recommended creativity technique to enhance idea generation [28–32]. Mind
mapping can produce the highest level of fluency and originality in more complex tasks.
They seem to release the full potential of mind mapping technology, thus making the
best use of the increase in information density and the interconnection of more complex
tasks [28]. Mind-maps help people activate and combine knowledge systematically and
display underlying mental models in a clear perceptible way [33]. Therefore, we consider
mind mapping as a preferred tool in the early stages of creative design conception.

Although some studies have shown that the use of mind mapping tools can effec-
tively boost people’s thinking and stimulate creativity, only a few theoretical studies have
systematically analysed creative design from a noetic science perspective. The influence
of mind mapping on sustainable creativity has not been clearly detailed, nor has there
been sufficient exploration into its influence on teaching and learning graphic design.
In-depth analyses of the functional structure of mind mapping remain scarce. Moreover,
empirical research on graphic design education based on mind mapping does not follow a
systematic methodology. The present study focused on the broad role of mind mapping in
the graphic design process and its succeeding design outputs. We aimed to address the
following questions: (1) What is the relation between students’ use of mind mapping tools
and sustainable creativity in implementing mind mapping-based graphic design activities?
(2) What forms of mind mapping perform better in promoting sustainable creativity? To
this end, this study carried out a theoretical and practical exploration of teaching mind
mapping-based graphic design. The next section presents a review of related literature
that has attempted to shed light on the graphic design process and the influence of mind
mapping tool use on sustainable creativity.

2. Literature Review
2.1. Graphic Design Process

Graphic design refers to the harmonious combination of various basic graphical
elements with those that have explanatory functions (e.g., fonts, text, colours, graphics, and
photos). It also aims to create visual expressions imbued with the designer’s imagination
and unique organizational method to convey information, communicate emotions [34–37],
and provide profound moral and ideological connotations to images. Graphic designers
find the most suitable solution through a series of creative processes [17]. Designers try
to express or explain matters in a graphical language, which can be verbal, pictorial, or
schematic, and present them either on paper or digital screens [38]. The scope of graphic
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design work and education continues to expand; graphic designers have worked in many
fields, such as communication, media, and branding [39]. In short, graphic designers play
an important role as ‘message and image shapers’ during the process of transforming ideas
and concepts into visual design solutions [40–43].

Studying the creative process can shed light on the function of the designer and
on proper teaching methods. The entire creative and critical thinking process involves
transforming abstract concepts into concrete visual images. In the conception process, it
is important to have a clear understanding of the end goal to be reached via graphical
images, to grasp the theme, to position the work correctly, to have an open mind with the
help of various forms of thinking, and to visualize abstract concepts in a stepwise manner.
Connections to other ideas are usually determined after evaluating and gathering evidence
of all possible links [44]. The creative process of graphic design usually involves going
through a series of processes, such as thematic analysis, definition of the topic, research,
conceptualization, selection, verification, and production. Currently, many scholars and
organizations are working to understand the design process, and research has been con-
ducted on developing diverse design process models to increase creativity. These models,
often referred to as ‘innovation process’ models [17,45–47], can be summarized as having
two phases:

1. Analysis phase (assimilation and general study): In this phase, the designer clarifies
the topic and proceeds with an initial processing of currently available information
to understand it better [17]. Analysis of and research into the graphic design theme
are carried out, along with further research and categorization of the topic’s various
characteristics. Once done, both are combined. After the themes are sorted and broken
down, the creative process is applied to the themes and their sub-themes. During
this process, the brain needs to work fast, mobilize all its brain cells for creativity,
and constantly think outside the box. However, in the conceptualization process, it
is necessary to refer to the original theme and then think outside the box, constantly
repeating this thinking cycle.

2. Design phase (development and communication): The designer begins designing and
developing creative ideas from the first phase. They fully understand and extract
visual symbols. Designers analyse, synthesize, and summarize all kinds of informa-
tion around their new ideas and then seek the perfect solution through convergent
thinking. Simply put, the creative process generally develops ideas from a ‘schematic
diagram’ into a ‘sketch’; it is a process of collecting, classifying, organizing, analysing,
and researching materials, and then further developing ideas towards completion.
Through the stimulation of creative inspiration; proper usage of basic modelling lan-
guage and artistic mediums (e.g., point, line, and surface); design process of selecting,
analysing, combining, breaking down, and reconstructing graphics; careful planning;
and use of visual elements (e.g., colour, shape, and substance), viewers are shown the
newly organized artistic graphical expression of the designer’s thoughts.

2.2. Role of Mind-Mapping Tools in Promoting Sustainable Creativity

Mind mapping is an innovative note-taking method proposed by British psychologist
and educator Tony Buzan in the 1970s [16,48,49]. Mind mapping is defined as referring to
the ‘non-linear visual contours of complex information, which can help creativity, orga-
nization, productivity, and memory’ [33,50]. It is a divergent thinking method that uses
the brain effectively and stimulates the radial structure of the brain’s neural network. It
is known as a ‘mind map’, ‘psyche map’, or ‘brain map’ because it uses visual icons to
represent the brain’s cognitive structure. Mind maps are key to unlocking the brain’s poten-
tial [51] and are designed to uncover creative connections between ideas or concepts [33].
Mind maps are diagrams used to express concepts, ideas, or tasks, helping students orga-
nize information and ideas and then solve problems [52–54]. Mind maps are graphical tools
that unlock the brain’s potential by managing ideas according to hierarchical categories
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and forming connections between them, thereby helping designers generate new thought
structures with creative and organized ideas [55,56].

Mind maps are a non-linear network-structured form of expressing ideas, and this
organizational paradigm is based on radial thinking [54]. Mind maps use lines, colours,
characters, numbers, symbols, and pictures to record information and ideas quickly [57].
The structure is open and organized, allowing one to organize a wide variety of information
and generate new ideas. Any idea can be linked to another idea in mind maps. Free-form,
spontaneous thinking is required when creating mind maps, with the goal of finding
creative connections between ideas. The brain works by starting with a central focus
and then working outwards in a random but organized fashion [48,58]. Mind maps are
advantageous because they are ‘free form’ and have an ‘unconstrained structure’. There
are no restrictions on ideas or links, and there is no need to have an ideal structure or
format. Mind maps are a tangible manifestation of stream-of-consciousness thinking, which
constantly branches out, reconnects, and branches out again [59]. Mind maps allow people
to focus on a single topic, help show the connection between isolated pieces of information,
and provide a clear picture of small details and overview of all pieces of information [60].
Mind maps are considered a good starting point in showcasing the breadth and main
components of research methodologies; this type of visual and non-traditional presentation
style can be used to learn, understand, and teach research methodologies [61]. Mind
mapping has a positive effect: it can boost the brain’s potential and help people think
outside the box to find ideas or solutions to problems. The visualization aspect of mind
maps has the following advantages: first, it presents information in a structure that helps
people grasp the overall information, understand key points, avoid getting lost in detail,
and increase their information capacity. Second, its radial arrangement of keywords easily
triggers associative and stimulative thinking. Mind maps use text, colours, pictures, and
codes to map out thought processes from multiple perspectives; thus, a person’s attention
is focused on a central theme or image. It allows for a clear depiction of different modes
of thinking, making it an effective tool for organizing and elaborating ideas, a source of
inspiration and divergent thinking, and a way for people to think more creatively.

Mind mapping has been widely used in many fields, including Finance [62], Eco-
nomics [63], Marketing [64], and Executive Education [65]. It is also widely used in pro-
fessions such as Art and Design field. For example, Leeds et al. [66] emphasized the
superiority of mind maps over associating ideas in a list format. Mind maps provide
a more concise overview of the hierarchy of ideas and knowledge networks. This fea-
ture is especially important for designers and engineers who need to generate new ideas
constantly. By providing a comprehensive map of ideas in a single visual layout, mind
maps allow individuals to reduce their working memory load and see problems from
a broader perspective. For example, in an educational context, students should not be
discouraged by seemingly mundane starting ideas. Rather than requiring initial ideas to be
good and shutting down bad initial ideas, teachers should help students explore their ideas
indepth. Leeds et al. [66] also presented future studies on associative studies with new
avenues of exploration by examining the various dimensions of mind maps. Thamrin [67]
suggested that a mind map-based design approach is of great value to the interior design
discipline. Regular usage of mind maps in conceptual design can help individuals develop
a unique way of thinking, develop creative thinking skills, and enhance problem-solving
skills [48,53,68–70]. Widiana and Jampel [71] recommended that teachers use a mind map-
assisted multiple-intelligences approach, which is an innovative teaching model designed
to improve students’ creative thinking skills.

3. Materials and Methods
3.1. Experimental Design

Studies have shown that designers’ probability of producing creative design solutions
greatly increases when they are free to think outside the box and draw dynamic connections
between design problems [16]. To verify this point, we introduced mind maps in the
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preconception phase of graphic design, with the goal of exploring how implementing mind
maps can impact graphic design education and the sustainable creativity of novice design
students, specifically evaluating thinking ability and creative output.

3.1.1. Participants

A total of 35 participants (ages 18 to 20 years, 63% of whom were women) participated
in the experiment. They were first-year undergraduate students majoring in industrial
design at Zhejiang University of Technology in China. They had already completed courses
on Composition and Colour Theory and possessed basic knowledge in visual composition
and colour matching. These participants were chosen because they could benefit from this
study’s experimental interventions and were unlikely to have extensive prior knowledge
and experience. Prior to the experiment, the participants were not informed of the goal of
the experiment. They had relatively similar design abilities as novices in the field of design.

3.1.2. Experimental Materials

Each participant in the experiment was given the same subject material: Wang Mian’s
painting entitled ‘Pale-dark Plum Blossom’ (Figure 1). Wang Mian is an ancient Chinese
painter and poet, and ‘Pale-dark Plum Blossom’ is considered a masterpiece among his
collection of artistic works. The painting is in a landscape orientation and features plum
blossoms on branches. It has a pleasing composition, and the blossoms and branches
are painted in simple and elegant strokes with the appropriate amount of ink and brush
strokes, thereby accentuating the vibrant, clear, and spontaneous quality of plum blossoms
while not overly complicating the scene. It is sparse amid dense subjects.

Figure 1. Wang Mian’s painting entitled ‘Pale-dark Plum Blossom’.

Wang Mian also wrote a poem on the painting that explains the work. This type
of improvised poetry based on the painting’s content is called a ‘poem inscribed on the
painting,’ and it unifies the poem and painting into one work. The poem refers to how the
plum trees by the small pond in the painting are in full bloom, and each plum blossom
is dyed with light-coloured ink. Although the plum blossoms do not look tender and
beautiful on the outside, they are delicately fragrant, elegant, and noble on the inside. The
artist chose not to use bright colours to attract and please viewers or seek their praise;
rather, his choice of colours helped the blossoms exude a delicate fragrance, apart and aloof
from worldly affairs. The original text of the poem is as follows:

In the pond the brushes and inkstone I clean,
The trees above it all pale-dark blossoms bear.
For praises of fair colours, they appear not to care,
But leave to the vast universe their scents serene.

3.1.3. Experimental Procedures

All participants were invited into a closed-off classroom to avoid disturbing other
students. The participants all worked individually and were not allowed to discuss
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with one another. The experimenters provided participants with drawing tools, such as
pencils, brushes, gouache paint, and white paper. Each participant was asked to think
about the given theme and then complete a 10 cm × 10 cm graphic design piece within
a specified time (180 min). The first step in graphic design is understanding the content
of the message to be conveyed; this is usually given to the designer in two parts: an
original prototype and its meaning. The designer then organizes relevant elements together
effectively and creatively to convey the message accurately. This is a common practice in
the discipline. Doing so means the original prototype does not necessarily appear in the
final product. Some researchers have established ‘innovation process’ models [17,45–47]
with different procedures. It can be summarized as two phases: analysis phase and design
phase. Therefore, the experiment in this study involved two experimental tasks: an analysis
task and a design task. The experimental procedure is shown in Figure 2:

1. Provide participants with an introductory document on the entire experimental
procedure. This step lasts for 10 min.

2. Creating a mind map. Participants are asked to read carefully and appreciate the
imagery and poem in Wang Mian’s ‘Pale-dark Plums’, look for inspiration from the
text and imagery, and use mind maps for creative association and idea development,
with no limit to the mind map’s form. This step lasts for 30 min.

3. Executing creative designs. Participants are asked to execute a creative design based
on their mind map from Task 1 and use the provided drawing tools to complete their
final design. They are also instructed to write down descriptions about their design
output. This step lasts for 140 min.

Figure 2. The experimental procedure.

3.2. Evaluative Work

We collected the participants’ works from Tasks 1 and 2. The mind maps from Task
1 and creative outputs from Task 2 were then evaluated. The evaluation results for each
stage are as follows.

3.2.1. Evaluation Indicators for the Mind Map

The mind map evaluation focused on how participants presented information visually,
the connections they made between pieces of information, and their levels of thinking. The
mind map itself, originally a visual expression of information and thought, can make a
person’s tacit knowledge visible. As such, the mind map becomes a visual representation
of the thoughts in a human mind. Therefore, the mind map evaluation focused on both the
results and the process. Evrekli et al. [72] developed a visual evaluation scale for mind maps,
with the multiple relations between concepts and ideas constructed by individuals being
the core of the evaluation. The present study categorized all knowledge and viewpoint
connections into different complexity levels, with the scoring method shown in Table 1.
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Table 1. Scoring system.

Item Score Example

Concept links

1st level: 2 point
2nd level: 4 point
3rd level: 6 point
4th level: 8 point

5th level: 10 point
6th level: 12 point

Image 3 point for each

Relationships 3 point for each

The students were encouraged to draw freely a mind map on a blank sheet of paper.
After, the experimenters used mind mapping software to redraw their mind maps to score
them better. Figure 3 shows the mind map drawn by Participant 5 in Task 1. Figure 3a is
the hand-drawn version, whereas Figure 3b is the digital version. Participant 5’s mind
map clearly demonstrated their analysis and association process of the main elements, as
well as their construction method of a unique and creative organization map in shaping a
comprehensive analysis of the central theme. The experimenters performed a statistical
analysis based on three indicators: concept links, image, and relationships. According
to the scoring criteria, the concept link indicator scored a total of 54 points based on
thethree different mind map hierarchy levels, as shown in Figure 3, with the first level
given 10 points, the second level, 32 points, and the third level, 12 points. Figure 3 shows
the mind map as featuring three images. The image indicator scored a total of 9 points. The
relationships indicator scored 0 point because there was no sign of any relations present in
the mind map.

Figure 3. The mind map drawn by Participant 5 in Task 1.

3.2.2. Evaluation Indicators for the Creative Output

Amabile [73] noted the scarcity of objective methods for evaluating the creativity
of products. Generally, evaluation is done through subjective judgments. Shalley and
Gilson [74] supported Amabile’s point and argued that only experts in the field can de-
termine whether creative elements are present in a particular idea, or in other words,
whether an output is creative or not. Therefore, we invited two experts to evaluate the
35 participants’ graphic design output from Task 2. Both judges were experienced graphic
designers with five or more years of professional experience. A clear definition of a creative
design output that consists of measurable elements will allow researchers to measure the
effectiveness of any new creative tool or method. Most scientific literature describes an
output as creative when it is original and appropriate, per the criteria defined by existing
literature on measuring creativity in different fields [37,45,75–77]. The sustainable cre-
ativity in the experiment can be defined as the creative process of intentionally reusing
and updating old versions when developing meaningful and durable solutions, and was
evaluatedwith two evaluation metrics (originality and appropriateness). Originality refers
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to the novelty of the solution relative to other solutions, while appropriateness refers to
the feasibility, rationality, and development potential of the solution. In the assessment
process, the experts first saw all the works before starting the evaluation, because in this
case, the originality is decided comparing to group responses. Figure 4 shows the creative
design output made by Participants 22 and 6 in Task 2.

Figure 4. The creative design outputs made by Participant 22 (a) and Participant 6 (b) in Task 2.

4. Results
4.1. Evaluation Results of the Mind Maps from Task 1

As shown in Figure 5a, more than half of the participants (54.3%) produced mind
maps with three to fourhierarchy levels. Most of the mind maps made by the participants
(68.6%) contained relation diagrams or images, showing a non-hierarchical mind map
pattern (Figure 5b).

Figure 5. Statistic chart of mind mapping.

The experimenters categorized the 35 mind maps under the three indicators of concept
links, image, and relationships, and then arranged them from 1 to 35 to analyse how each
evaluation indicator correlated with the outputs from Task 2.

4.2. Evaluation Results of the Design Output from Task 2

Two experts evaluated the creativity of all 35 works from Task 2. Studies have typically
used Pearson’s coefficient test to calculate inter-rater reliability [47,77–79]. We used the
Pearson correlation coefficient to calculate the correlation of both judges’ evaluations. The
results revealed a significant correlation between the scores given by both evaluators, as
shown in Table 2 (appropriateness: p < 0.05; originality: p < 0.01).
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Table 2. Inter-rater agreement between the two judges.

Dependent Variable Sig. (2-Tailed) r (Judges 1 & 2)

Appropriateness 0.039 0.351 *
Originality 0.009 0.432 **

* Correlation is significant at the level of 0.05. ** Correlation is significant at the level of 0.01.

In reference to the methodology used in literature [16], each expert evaluator ranked
and scored the design output based on two criteria: appropriateness and originality.
Figure 6 shows the scoring scale and the two methods of ranking/scoring the design
output. For each evaluation criterion, the expert evaluator reviewed each student’s design
output and ranked it on a scale of 1 to 35. Additionally, they scored each output on a scale
of 0 to 100. The expert evaluators were asked not to have duplicate scores to ensure that the
rankings would be clear. Finally, the scores given by both experts were averaged, which
were subsequently ranked from highest to lowest.

Figure 6. The scoring scale and the two methods of ranking/scoring the design output.

4.3. Correlation between the Mind Maps from Task 1 and the Design Output from Task 2

Kokotovich [16] suggested the use of ranked differences correlation to test the relation
between the three evaluation indicators (concept links, image, and relationships) of the
mind maps and the two evaluation indicators (appropriateness and originality) of the
design output. To determine the degree of correlation between the different scoring
methods, we used rank difference correlation, a recognized statistical method. We corrected
the rank differences, which resulted in tied scores. Although the expert evaluators were
asked not to give duplicate scores, tied scores could appear from the averaging of the
scores. Therefore, we rectified the tied scores [16]. The experimental results showed that
the participants’ performances in the two tasks were correlated. The correlation analysis of
score differences is as follows (Table 3):

(1) The appropriateness of the design output was partially correlated with the mind
map’s score. The design output’s appropriateness had a weak positive correlation
with the mind map’s concept links score. The design output’s appropriateness had
a strong positive correlation with the mind map’s image score. The design output’s
appropriateness did not correlate with the mind map’s relationships score.

(2) The design output’s originality was partially correlated with the mind map’s score.
The design output’s originality did not correlate with the mind map’s concept links
score. The design output’s originality had a strong positive correlation with the mind
map’s image score. The design output’s originality did not correlate with the mind
map’s relationships score.
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Table 3. Correlation analysis using the rankings revealed the following results.

Concept Links Image Relationships

Appropriateness 0.345 *
Sig. (2-tailed) = 0.043

0.406 **
Sig. (2-tailed) = 0.015

0.178
Sig. (2-tailed) = 0.306

Originality 0.296
Sig. (2-tailed) = 0.085

0.443 **
Sig. (2-tailed) = 0.008

0.256
Sig. (2-tailed) = 0.138

* Correlation is significant at the level of 0.05. ** Correlation is significant at the level of 0.01.

5. Discussion
5.1. Influence of Early Mind Map Usage on Succeeding Design Outputs

The present study aimed to explore the impact of mind mapping tools on sustainable
creativity during the graphic design process. The results showed that participants’ perfor-
mance in the two experimental tasks was correlated; participants’ performance in creating
mind maps in Task 1 tended to affect how creative their design output in Task 2 was.

In task 1, the number of students who produced mind maps with both words and
images ranks the highest, which is 37 percent. The results were in line with previous studies.
According to Lin and Shih 36, the overall respondents obtained a higher utility from mind
maps presented to them with both words and drawings. The appropriateness of the design
output in Task 2 showed a weak positive correlation with the concept links score of the
mind map from Task 1, and a positive correlation with the mind map’s image score. This
finding suggested that when novice design students use mind maps for divergent thinking
and engage in deeper and more detailed analyses of design topics, they can produce a more
appropriate final output. In other words, when designers are able to present, consider,
and articulate clearly the complex interrelations among design issues, they can be better
prepared to conduct appropriateness analyses of their final design solutions in the early
stages of the design process. Leeds et al. [66] mentioned that mind maps are better than
lists in terms of concept associations. They also found that deeper responses, those further
away from the root concept, tend to be more unique. Mind maps might be a better tool
for idea associations because they provide a more concise overview of the idea hierarchy
and knowledge network. At the same time, drawing detailed sketches when making mind
maps can help novice design students integrate design elements more appropriately into
the final design solution.

The originality of the design output in Task 2 was not correlated with the mind map’s
concept links score in Task 1. Thus, in the early stages of the design process, detailed
analysis and understanding of design themes may not have a significant impact on creative
thinking. The originality of the design output in Task 2 was positively correlated with the
mind map’s image score in Task 1. Therefore, if designers draw detailed sketches while
making a mind map, their final design plan will more likely be original. The participants
who used text and images in their mind maps scored higher in terms of originality for
their design output. These results are consistent with the previous findings. According
to Mento et al. [65], when building mind maps, it is helpful to use some artistic elements
(icons or symbols). Wang et al. [57] showed that the structure of mind maps is open
and organized, allowing individuals to organize a variety of information and generate
more new ideas. With abundant colors, images, keywords or short sentences, such a map
can facilitate thinking, memorizing, analyzing, and can trigger inspiration and enhance
creativity among young children.

In addition, neither the appropriateness nor originality of the participants’ design
output in Task 2 correlated with their mind map’s relationships scores in Task 1. A possible
explanation would be that the participants were not required to use non-hierarchical mind
maps. Only 31.4% of the participants’ mind maps showed the usage of relationships,
which resulted in low amounts of data, leading to low correlation. Malycha and Maier [31]
mentioned that in the use of mind map, enhancing the density of information and increasing
the interaction between complex tasks can promote the potential of mind map. Further
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experimental investigation on the role of relationships in mind maps need to be conducted
in follow-up studies.

5.2. Suggestions for Graphic Design Education

This study offers some implications for design education and practice. The experi-
mental results showed that mind mapping plays an important role in promoting creativity
during the design phase. In the context of graphic design education, teachers should
encourage novice designers to increase the number of concept links and of links per level in
their mind maps when developing creative ideas. Teachers should also encourage students
to construct in-depth ideas and develop them in a stepwise manner [66]. Meanwhile,
students are encouraged to create graphics-based mind maps and use a variety of colours
in the process rather than only words for associative thinking [49,80,81]. Kokotovich [16]
showed that relationships in mind maps play an important role when analysing design
problems because they allow designers to describe important and detailed interrelations
between design problems in a dynamic and evolving manner that can further enhance and
represent the designer’s understanding of dynamically related issues in a given problem.
They can also complement the understanding of various interrelations and can improve
the quality of creative output. Therefore, it is recommended that novice designers add
relationships to their mind maps to further enhance their understanding and analysis of
any design problem and its accompanying issues. The study was conducted only on indi-
viduals. Studies have noted the importance of using mind maps in teams to communicate
and create output collaboratively [49]. Zheng et al. [82] also found that the combination
of a collaborative mind mapping strategy and a flipped classroom significantly improved
students’ learning achievement and self-efficacy. Therefore, subsequent studies can be
conducted on the influence of mind mapping on team collaboration.

6. Conclusions

The results suggested that mind maps can promote sustainable creativity among
graphic design students. How well a novice designer creates their mind map in the
preconception design phase can affect the creativeness of their final design output. The
design output’s appropriateness is positively correlated with the mind map’s concept links
and image scores. The design output’s originality is likewise positively correlated with the
mind map’s image score.

This study has some limitations that leave room for future studies. One is that we did
not observe and record the entire design process. In future, we intend to conduct further
investigations with a larger sample size in a real-life context. We also intend to conduct
statistical analyses on the sketching process and the diversity and number of sketches, to
contribute to a deeper understanding of the creative thinking process. Another limitation
was that this study only used mind maps in the early stages of idea development in the
design process. The mechanism of introducing mind maps in other stages of the design
process was not clarified. Furthermore, it would be interesting to study how mind mapping
may influence creativity in the large term, although the long-term creativity projects are
usually complicated to carry out.
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