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ABSTRACT 

In the 21st century, the role and use of technology in the educational process are increasing day by day. Technology has highly 
influenced the teaching styles of teachers and the learning styles of learners. The use of technology in teaching-learning in science 
concepts, such as Digital Mind Mapping, is an innovative strategy that makes learning effective, attains conceptual understanding, and 
develops problem-solving skills. Mind Mapping is based on the Constructivist theory of knowledge acquisition through interaction with 
things and events, using one's senses to link new information with the previously stored pattern in the brain. Preparing a mind map 
attempts to explore the prior knowledge while also facilitating assimilation and accommodation of the new knowledge. Digital mind 
mapping focuses on visual-spatial intelligence and results in the creation of visual aids to support the enhancement of other intelligence. 
Visual representation of the ideas works as a stimulator that stimulates both hemispheres of the brain. These eye-catching visuals 
encourage students to think and brainstorm effectively in the classroom. With mind maps, students are capable of visualizing associations 
between different ideas that promote creative thinking skills and meaningful learning. This article investigates the significance of digital 
mind mapping in cognitive thinking, easy understanding of concepts, and the development of creative thinking skills in science students. 

 
Keywords: Digital Mind Maps, Conceptual Understanding, Innovative Strategy, Science Students. 
 
INTRODUCTION 

Education as a learning process is established by the teacher to develop creative thinking power that improves the learner's 
thinking skills and reconstructs new knowledge as an effort that renovates the mastery of the subject (Syamsudin & Budiman, 2007) as 
cited by B. Fatmawati (2016). As the NPE (2020) suggested, integration of innovative pedagogy: In classes 6 to 12, the incorporation 
of technology-enabled pedagogy alleviates rote learning and develops 21st-century skills such as creative and critical thinking skills in 
science students and emphasizes different innovative strategies in teaching and learning. Several instructional designs have moved 
through a chain of development phases. The process of learning transforms from a behaviourist perspective through cognitivism to a 
constructivist perspective, showing shifts from an external view to an internal view of learning. Science has made significant 
contributions to the growth of our country in a variety of disciplines such as communication, computer technology, medical and 
agricultural research, commerce, IT sector and industry, and so on. As a result, Science and Technology should be prioritized as one of 
the essential topics for secondary school students. Furthermore, a proper foundation must be given to the new learners; without this, 
there would be no main science. Application of innovative technology Mind mapping software has been broadly recognized as an 
effective ICT tool in education for all subject areas and for different age groups of students, including science education (Karakuyu, 
2011; Novak & Canas, 2008; Vanides, Yin, Tomita, & Ruiz-Primo, 2005; Markham, Mintzes, & Jones, 1994) as cited in (Safar, A.H et 
al., 2014). 

 
The Mind Map Technique is the simplest way to preserve information in your brain and extract a critical piece from your 

brain—it's an effective and creative approach to taking notes that generally "maps out" your ideas. Mind Maps are also clear guiding 
diagrams for the brain that allow you to arrange and organise facts and thinking processes in a way that mimics natural brain functioning, 
making memorising and retrieving information easier and more enjoyable than standard note-taking procedures. It is premised on a 
constructivist view of learning. Mind mapping promotes meaningful learning (Akinoglu & Yasar, 2007, Buzan, 1993, Erdogan, 2008). 
A mind map is a useful tool for visually representing any concept or notion. It is described as a "useful tool for assisting younger children 
in establishing a conceptual grasp of information and enhancing achievement" (Mona & Khalick, 2008, p. 298). Buzan (1993, p.59) 
defined a mind map as "an expression of radiant thinking and is, therefore, an important function of the human brain." It is an impressive 
graphical representation technique, which gives a prevalent key to unlocking the potential of the brain". Learners who use mind maps 
can learn things more simply and efficiently by creating maps with lines and integrating pictures and colours into them (Nesbit & 
Adesope, 2006). The use of mind maps may be described as "the inclusion of colours, codes, pictures, and many multidimensional ways 
to enhance human memory, so that pupils can concentrate on the centre area of the mind, which is the key topic" (Chen, 2008, p. 1034). 
According to Buzan (1993), mind maps help learners employ graphical representations, which are essential in the brainstorming process. 
According to McGriff (2000), relating visuals to concepts and codes is a creative task that demands thinking rather than memorization. 
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FUNCTION OF MIND MAPPING 
A mind map is a visual portrait of radiant thinking, using lines, symbols, characters, pictures, colors, numbers, and keywords, 

etc. to assist, integrate, easily comprehend the learned concept and enhance brain capacity. The left brain regulates orderly and linear 
logic, such as the sketching process, whereas the right brain regulates observation, creative thinking, and sensations of object aspects 
such as image, space, affection, and so on (Buzan & Buzan, 1996). 
 

Tony Buzan (1997) stated that radiant thinking is a natural way for the brain to function, and the best visualisation technique 
to reflect the brain's thinking process is mind mapping, which increases the brain's potential and, with the help of mind maps, one's 
imagination, attention, memory, coordination ability, logic, creativity, reading speed, reasoning, analysing the capability of planning 
and integration, character, number, visualization, hearing, kinesthetic sense, etc are significantly promoted because the mind map 
organises a great amount of information systematically. Buzan and Buzan (1996) stated that a mind map is an important tool for 
developing associating skills and displaying ideas visually, both of which serve to improve brainpower. It is a vital ability for developing 
the entire brain by using codes, numbers, letters, logic, symbols, colors, and rhythms, giving the brain endless capacity for free creativity 
and a unique observation approach. As a result, a mind map is the best blueprint for the brain. The mind map is used to foster divergent 
thinking processes in the brain, and it can also be helpful in improving the left hemisphere's logical and reasoning abilities, as well as 
the right hemisphere's memory and creative thinking abilities. 

 
USE OF DIGITAL MIND MAPS 

With the advancement of the world with the use of ICT and in times of digitalization, writing everything out longhand is no 
longer appropriate, making the production of paper mind maps (PPM) time-consuming and a significant step backward. However, digital 
mind maps are seen as a computer-generated benefit. Using Concept/Mind Mapping Software to provide a unique visual representation 
of how learners generate, classify, organize, associate, and synthesize information to expand on existing knowledge (Vanides et al., 
2005), as cited in Safar et al., 2014). 

 
Science is an innovative subject in which if we can learn any concept via a pictorial form by using digital mind maps with the 

use of colors, students can easily attain any concept. The suitability of digital mind maps (DMM) is that students can easily move 
concepts and objects around by dragging and dropping them, while in paper mind maps, students are required to edit, remove, and 
rewrite repeatedly (Erdogan, 2008). Furthermore, digital mind map files may be stored, shared, and duplicated for use in other maps. 
Additionally, assist students in adding email links and URLs to their maps. People may also use digital maps to integrate animations, 
video clips, and photos (Riley & Ahlberg, 2004). 

 
Existing prior beliefs and facts serve as the foundation for new knowledge. Mind maps may reveal raw data and their linkages 

across many concepts, as well as their relevance and how they were developed. As mentioned, an online concept map is extremely 
effective for knowledge development (H, Lin & H, Faste 2011). There are various benefits to utilizing mind maps as a way of 
representing information. Mind maps explore visual data portray to leverage the extraordinary abilities of human perception. They are 
especially useful to designers as they begin to work on new projects, record and take notes, reflect on their thought processes, 
communicate ideas quickly and collaboratively with others, and look for patterns when synthesizing information, as cited in (H, Lin & 
H, Faste 2011). Mind maps are often created by collecting cognitive processes in working memory; enhancing their patterns might help 
overcome challenges associated with working memory capacity constraints. Furthermore, mind maps can help visualize linked ideas 
and concepts, ease the cognitive load involved with accessing and organizing distinct knowledge elements, and give a graphical 
overview of thinking processes and related concepts. There are several free-of-cost verified online demo versions and downloads of 
many available mind mapping applications, including MindManager (mindjet.com), FreeMind (freemind.sourceforge.net), Cacoo 
(cacoo.com), MindMeister (mindmeister.com), Creately (creately.com), LucidChart (lucidchart.com), Visual Thesaurus 
(visualthesaurus.com), Xmind (xmind.net), and iMindMap (think (H, Lin & H, Faste 2011). As mentioned in (Mackinnon, 2006; Royer 
& Royer, 2004; Blair, Ormsbee, & Brandes, 2002), these applications have the potential to serve as the foundation for effective lifelong 
learning opportunities, cited in (Safar, A.H et al., 2014). 

 
THE POWER OF MIND MAPPING 

The important factors that affect the learning process are the creativity of students and teachers. Teachers have the ability and 
enormous knowledge about creativity and how to develop creativity in a convenient manner (Trnova & Josef, 2014) as cited in (B, 
Fatmawati 2016). Active learning engages the learner in activity-based learning that encourages meaningful learning such as mind maps 
that involves the learners in the meaningful learning process, and allows the learner to integrate information actively on a Meta-cognitive 
level. These learning strategies are based on the framework of constructivist learning theory as cited in (Ghada A & Abdel Hamid 2016). 
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Allowing children, the time, space, and resources they need to be creative is an important step in encouraging creativity. Tools for 
creating mind maps may include pens, paper, and paint, but they may also involve physical equipment such as computers and software 
applications. Mackinnon (2006) did a study at Acadia University's School of Education in Canada using computers in the classroom to 
examine the development of critical thinking patterns through the use of mind mapping software in science education courses. According 
to the study, students were motivated and had good views regarding utilizing mapping software in learning, as well as students' 
comprehension of scientific education (Safar, A.H et al., 2014). For example, when preparing for a project, various strategies might be 
practiced as a process of producing ideas in an original manner. Traditional mind maps are created using paper and pen or colored chalk 
on a board, but digital mind maps are created using computer software that readily creates multiple branches of thoughts that stem from 
the core one. Ideas can also be moved or modified, and symbols, photos, and videos can be added. As noted in (Abdulbaset, 2016), 
electronic-mind maps are used to highlight the relationship between ideas, information, and concepts that need spontaneous thinking on 
creation (Aljaser, A.F 2017). 
 
  The use of visual learning techniques such as mind mapping has grown in popularity as a useful tool for both children and 
adults. With some individuals believing that the mind is organized into left and right-hand sides, and others thinking that it is a less 
organized structure, mapping encourages the use of a bigger portion of the brain, which enables more effective thinking. Better memory 
and creativity are made possible by imagination and association, and these are areas that mind mapping supports. Many people are either 
kinesthetic or visual learners, and visual learning facilitates the effectiveness of absorbing. It modified textual comprehension (Walker 
& Mitchell, 1994:26-28); it is a study tool/instrument that aids underprepared learners in Mathematics and Science (Steyn & Boer, 
1998:1-10); it improves creative thinking skills (Petrini, 1994:15 and Anderson, 1993:41-46); and it is an important tool for enhancing 
writing (Zipprich, 1997:391-395). 
 
DEVELOPING THINKING THROUGH MIND MAPPING 

According to Rogoff and Lave (1984:247), there is a link between mind mapping and memory: "A map is a form of metaphor." 
Memory is aided by the visual representation of words and images. The latter function is connected to Ausubel's (1968) meaningful 
learning theory, which states that we acquire new information by linking it to current cognitive constructions, with probable alterations 
in the latter happening to accommodate new information, as cited in (J, Wright, 2006). Angelil-Carter (1994) reported that mind maps 
can represent a student's current knowledge before it is expanded, and suggested that educators utilize mind maps to promote Zonal 
Proximal Development (ZPD) through the insights they provide. The mind map is similar to a snapshot of a thought process captured at 
a certain point in time. It enables not only the students but also the instructor to step away and observe the thinking process, the overall 
network of concepts, and the links among these groups. In addition, levels of detail and relationships within each group are evident. 
According to Wright (2006), one of the stated benefits of mind mapping is that it supports both deductive and inductive thinking (Clarke, 
1991); it is also a method of communication that helps others understand the rationale of an argument and the structure of student 
knowledge by illustrating how ideas are interconnected (Novak & Gowin, 1984), as cited in Ralston & Cook (2007). Children are 
multifaceted beings who approach tasks and projects in very different ways. When asked to finish a project or assignment, this is an 
ideal time to challenge them and encourage innovative thinking. While some children may have a specific concept or topic for a project, 
others may have a variety of underdeveloped ideas that require support to help them convey their ideas. Mind mapping may be used for 
both. 

 
Mind mapping is a beneficial strategy in education since it allows pupils to use an actual concept to explore and produce new 

ideas. Although the preceding idea they form may not be sufficient on its own, they are frequently astounded by what follows, generating 
and linking new concepts from the original small fragment of a particular thought. Children are usually amazed by the extent and variety 
of what they are capable of doing with the aid of mind mapping. Brainstorming allows learners to think spontaneously and gives them 
the courage to express the first ideas that occur to their mind—which may be a significant point and is really valid. Jenni Clarke's article, 
sustaining shared thought process, encouraged students to think creatively and helped them gain confidence to try innovative techniques 
without fear of making a mistake. She emphasized that children should understand that trial and error is a vital part of the learning 
process and that adults should encourage students to think again and attempt to discover a new approach or answer 
(www.teachingexpertise.com). Because there are no right or wrong answers using the mind mapping approach, instead of encouraging 
students to generally be open and free of limitations. It is a significant procedure that is helpful in improving creativity. 

 
USE OF DIGITAL MIND MAPS IN CREATIVITY DEVELOPMENT 

There are several types of mind mapping software, like Inspiration 8 or Kidspiration 3, which is designed for adults and 
secondary students. Both of these tools are particularly good for helping and supporting creativity. Inspiration's mind mapping resources 
make planning so much easier for students because of the availability of digital mind maps. ICT-based features are helpful in quickly 
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making changes by editing and removing them. Thinking patterns can constantly be explored, and learners can also integrate with other 
technologies, such as online hyperlinks and multimedia. 

 
With the help of ICT, children become increasingly ICT literate and often excited to use their skills—therefore setting them 

the task of attaining creativity and connecting this with ICT to achieve innovative learning. A report by Ofsted, "The Benefit of ICT", 
looks at evidence obtained from inspections of ICT in 177 schools. They were properly engaged by tasks that enabled them to do so. 
The report states that the use of ICT contributed effectively to their personal development and in sharing ideas, ICT helped to develop 
the skills of working independently and cooperatively.' 

 
ICT rules provided by MOET Vietnam demonstrated that the education system of the Flemish Association for Development 

Cooperation and Technical Assistance (VVOB), among other ICT tools, Digital Mind Mapping (DMM), is familiar with 150 educators 
from various teaching organizations, with the goal of improving educational quality through active teaching and learning. A study in 
Vietnam found that 95.2 percent of lecturers thought computer-based mind mapping (CBMM) was extremely effective. A computer-
based mind map is a mapping tool that may be used for brainstorming processes, the conceptualization of information, idea 
categorization, knowledge building, and logical problem-solving. It is a wonderful tool that encourages student creativity and teamwork 
while also increasing their confidence in contributing ideas in class. Riley, & Ahlberg (2004). 

 
Figure1. Showing Digital Mind Map (Mindmiester software) by Brandner, R. (2020). 15 Creative Mind Map Examples for 
Students, Focus: The Creativity and Productivity Blog. 
 
CONCLUSION 

The abovementioned studies indicate that the digitally prepared mind maps improve students’ science achievement more than 
the paper mind maps. Improvement in scientific students might be attributed to the following factors: 

The look of digital mind maps is far more uniform and clearer. The hide-and-show function allows pupils to focus on certain 
concepts or ideas while avoiding visual groupings. It also assists learners in retaining enough knowledge without being overwhelmed 
by constructing extensible and collapsible concept trees. These digital mind maps (DMM) may be easily kept and shared as files with 
your peers. The inclusion of multimedia (video, animations, and sounds) in maps encouraged learners to employ all of their senses in 
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different ways and so learn more effectively (Lin-Juan, 1997). Email connections, hyperlinks, attached files, and images are crucial 
characteristics that help students achieve more. Riley and Ahlberg (2004, p.253) demonstrated that using ICT to enable immediate 
linkage, revisiting the mapping process and automated functions, developing ideas, and labeling increases mapping speed. The use of 
vivid visuals and videos may improve students' learning, attention, and motivation (Lamberski, 1980), and hence enhance their 
performance (Van Schaik & Ling, 2001). Digital Mind maps provide a dynamic, diverse learning environment that explores the space 
of physical learning and provides students with a way of forming, structuring, and organising their thoughts with the support of higher-
order thinking abilities, resulting in improved conceptual comprehension (Novak & Canas, 2006.p.15). The function of ICT is to improve 
collaborative learning in group projects and to provide new ways of working, learning, and engaging (Scardamalia & Bereiter, 1994; 
Forcheri & Molfino, 2000, cited in Riley & Ahlberg, 2004, p.246). Teachers may use digital mind maps to efficiently organize, create, 
and perform their instructional procedures. The appropriate use of ICT in teaching-learning via digital mind maps can boost students' 
creative thinking skills, conceptual comprehension, divergent thinking development, and problem-solving ability. The usage of ICT in 
mind mapping enhances performance and provides better learning outcomes. 
 
REFERENCES 
 Abi-El-Mona, Issam, Adb-El-Khalick., & Fouad. (2008). The Influence of Mind Mapping on Eighth Graders’ Science 

Achievement. School Science and Mathematics, 180, 298-312. 
 Abdel-Hamid GA. (2017). Mind maps as a new teaching strategy for medical students. MOJ Anat Physiol. 3(3), 76‒77. 
 Akinoglu, O. & Yasar, Z. (2007). The Effects of Note-taking in Science Education through the Mind Mapping technique Students' 

Attitudes, Academic achievement and Concept learning. Journal of Baltic Science Education, 6 (3), 34-43. 
 Aljaser, A.M. (2017). The Effectiveness of Electronic Mind Maps in Developing Academic Achievement and the Attitude 

towards Learning English among Primary School Students. International Education Studies, 10(12), 80-95. 
 Buzan, T. & Buzan, B. (1993). The mind map book: How to use radiant thinking to maximize your brain’s untapped potential. 

New York, Penguin Group. 
 Bradner, R. (2020).15 Creative Mind Map Examples for Students. The Creativity and Productivity                         
 Blog. Retrieved from https://www.mindmeister.com/blog/students-guide-to-mind-mapping/. 
 Erdogan, Y. (2008). Paper-based and Computer-based Concept mappings: the Effects on Computer Achievement, Computer 

Anxiety, and Computer Attitude. British Journal of Educational Technology, 40 (5), 821-836.  
 Fatmawati, B. (2016). The Analysis of Students’ Creative Thinking Ability Using Mind Map in      
 Biotechnology Course, Biology Education, STKIP Hamzanwadi Selong, Indonesia. 
 Faste, R. (1997). Mind Mapping, http://www.fastefoundation.org/publications/mind mapping.pdf. 
 Jbeili, I. M. (2013). The Impacts of Digital Mind Maps on Science Achievement among Sixth 
 Grade Students in Saudi Arabia. Procedia- Social and Behavioral Sciences, 1078-1087.  
 Inspiring Creative Learning with Mind Mapping.   https://www.teachingtimes.com/articles/mmapping-inspiration-software.htm. 
 Jennifer, W. (2006). Teaching And Assessing Mind Maps. Per Linguam, 22(1), 23-38. 
 Lih-Juan, C. (1997). The Effects of Verbal Elaboration and Visual Elaboration on Student Learning. International Journal of 

Instructional Media, 24(4), 333-40. 
 Lin, H. &Faste, H. (2011).  Digital Mind Mapping: Innovations for Real-time Collaborative Thinking.Human-Computer 

Interaction Institute, Carnegie Mellon University 
 Nesbit, J. C., & Adesope, O. O. (2006). Learning with Concept and Knowledge Maps: A Meta-Analysis. Review of Educational 

Research, 76(3), 413-448. 
 Nong, B. K., Pham, T. A. & Tran, N. M. (2009). Integrate the Digital Mind Mapping into Teaching and Learning   Psychology. 
 Ralston, J & Cook, D. (2007). Collaboration, ICT, and Mind Mapping. Reflecting Education, 3(1), 61-73. 

http://refectingeducation.net. 
 Riley, N. R. & Ahlberg, M. (2004). Investigating the Use of ICT-based Concept Mapping Techniques on Creativity in Literacy 

tasks. Journal of Computer Assisted Learning, 20, 244-256. 
 Safar, A.H et al., (2014). Mind maps as Facilitative tool in Science Education, College Student Journal, 48(4), 629-647. 

 


