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Abstract—In the era of big data, a large amount of learning 
information is stored online. Teachers and students have been 
faced with problems such as information overload for a long time. 
The visualization of information reduces learners’ cognitive load 
and enhances their perception of information, which makes an 
important breakthrough to solve the above problems. Firstly, this 
paper defines the connotation of visualization technology from 
the learning perspective, then  it analyzes the research status 
through documentary study method and finds that visualization 
technology provides strong support for the construction of 
learning resources, the grasp of learning process, the interaction 
in learning process and the reflection of learning objectives. 
Finally, it proposes the future application direction of 
visualization technology so that it can provide reference for the 
practice of developing visualization tools. 
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I.  INTRODUCTION 
Most efforts in educational informatization are largely 

reflected in the visualization of educational content and process 
[1]. The era of big data has come. While it provides the 
learners with multiple learning opportunities, the 
heterogeneous distribution of resources and the weak 
relationship of learning resources also result in learning lost 
and cognitive overload. The learners can not locate their own 
resources quickly and accurately, let alone use them efficiently. 
On the other hand, there is a wealth of learning process data in 
the online learning environment. Educators can mine 
meaningful information and patterns from a large number of 
learning data. However, the big data in the learning log can not 
be analyzed and processed in a manual way, and data mining is 
the knowledge in the field of computer science, but most 
teachers can not master its methods. 

The development of visualization technology provides an 
opportunity to solve the above problems. Visualization is a 
method of transforming data, information, knowledge and 
other contents into graphics to display [2]. It is a new way to 
reduce the difficulty in data analysis by visualizing data 
information in a reasonable way and mining potential 
information or patterns through the analysis of atlas. The 
content or resources in the online learning environment are 

reasonably organized and visualized, which can reduce the 
amount of users information search, enhance the perception of 
information, and solve the problem of information overload 
faced by learners [3]. Therefore, the rational use of 
visualization technology can lower the difficulty of information 
processing, reduce the cognitive load of users, and enhance the 
cognitive process of learning, and thus improving the learning 
efficiency of learners. 

II. VISUALIZATION TECHNOLOGY FROM LEARNING 
PERSPECTIVE 

"Visualization" is to convert various data information into 
appropriate graphics and images by computer graphics 
processing techniques, and display them on the screen [4]. The 
study indicates that visualization is the process of transforming 
data, information and knowledge into visible forms and gaining 
a deeper understanding of them. Colin [5] believes that visual 
mode can accelerate the input and understanding of 
information, and it has retrieval function. Zhao Wei and others 
[6] hold that visualization technology is the theory and practice 
of using computer-supported and interactive visualization to 
display information and knowledge about teaching activities in 
the digital learning environment based on the teaching theory, 
so as to realize learning analysis and promote knowledge 
dissemination and innovation. 

From learning perspective, visualization not only visualizes 
the learning content such as knowledge and data, to promote 
students to have a more intuitive and in-depth understanding. It 
also visualizes the learners’ internal psychological activities 
and information understood in the mind. What is more 
important is that visualization is to connect the inside and 
outside visual representations in the learners’ mind. Thus, on 
the one hand, visualization technology needs to build a certain 
learning environment, on the other hand, it also needs to make 
comprehensive use of knowledge visualization, thinking 
visualization, date visualization and other different ways to 
help students to obtain and express a deeper understanding of 
knowledge, and finally improve students’ learning ability. 
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III. RESEARCH STATUS OF VISUALIZATION TECHNOLOGY 
SUPPORTING ONLINE LEARNING 

Visualization technology’s supports for online learning 
include: supporting the construction and understanding of 
learning resources, the guidance and mastery of learning 
process, the interaction and collaboration in the learning 
process, and the evaluation and reflection of learning objectives. 

A. Supporting the Construction and Understanding of 
Learning Resources 
It has been confirmed by relevant research that the 

visualization can help to construct the knowledge 
understanding and strengthen memory in the process of 
learning. Minhong Wang and others designed a visual online 
learning system based on problem solving with a dual-map 
display, which examined students’ condition of problem 
solving and knowledge construction. Test results after 
completing the course found that students have improved 
significantly in their achievements, and they have made nearly 
moderate progress in problem solving and knowledge 
construction. It also found that students have made great 
progress in knowledge construction, although their knowledge 
construction performance is not high compared with their 
problem solving performance [7]. Gu Xiaoqing and others 
believe that the external presentation of knowledge has a 
profound impact on learners’ knowledge cognition and 
understanding, as well as the dissemination, survival and 
development of knowledge itself. Learning resources should 
pay attention to the visual characteristics of knowledge to 
actuate people's visual cognition and graphic image 
understanding, so as to improve their learning efficiency. The 
visual presentation of knowledge in electronic textbooks and 
the use of semantic graphic tools can help learners achieve 
better reading comprehension and thinking training, which can 
improve learners' cognitive ability and learning effect and then 
achieve the goal of deep reading [8]. 

B. Supporting the Guidance and Mastery of Learning Process 
Sheard and others get information about the use of online 

learning platforms by visualizing students’ navigation 
behaviors on the course website. The tool can selectively 
visualize the navigation behavior of users or user groups in 
different periods according to the semester, course, research 
unit and course performance, then generate access paths, and 
record the access situation of each learning resource [9]. The 
Knewton project in the United States presents the knowledge 
points of the course in the forms of knowledge maps, which 
provides the cognition of students' potential learning paths. The 
system can continuously mine students’ performance data to 
guide them personally, and allow them to learn according to 
the recommend learning path on the knowledge map [10]. The 
DLM project of Newcastle University in the United Kingdom 
adopts visualization technology to realize the visual navigation 
of personalized learning process. Students can independently 
add, delete and modify resources on the visual learning path 
recommended by teachers, and establish a meaningful 
connection between resources, which not only plays the 
guiding role of teachers but also reflects the participation of 
students [11]. Ma Xiulin and others explored the general 

algorithm of drawing knowledge map in the learning 
management system, which can provide teachers with the 
function of creating knowledge map dynamically so that they 
can design and organize teaching resources, and provide 
learners with the function of visualizing the progress so that 
they can timely understand their learning process. Experiments 
prove that this method is of great value in improving the 
effectiveness of learning management system and learning 
efficiency of learners [12]. 

C. Supporting the Interaction and Collaboration in the 
Learning Process 
Learners produce a series of interaction and collaboration in 

the learning process. The Cohere tool studied and developed by 
the OLnet Project of the Open University in the UK supports 
collaborative debate learning by visualizing the meaningful 
connection of views between different learners with knowledge 
maps, which can realize the visualization of thinking among 
peers, and to promote the exchange of ideas among learners 
[13]. Sung-hee Jin studied the effects of the use of two 
visualization tools (one with features of group participation and 
intergroup interaction, the other with features of group 
participation and individual participation) on students’ 
participation, perceived learning, perceived satisfaction, team 
performance and usability. Both visualization tools have 
significant effects on perceived satisfaction, perceived learning 
and team project performance [14]. In a comprehensive 
learning environment, Luciana explores social content by 
integrating social network analysis, emotional analysis and 
topic classification. It uses a series of visualization and analysis 
to characterize the participants, scope, structure, popularity and 
controversy of social interaction [15]. 

D. Supporting the Evaluation and Reflection of Learning 
Objectives 
The representation of learners’ information can show their 

mastery knowledge, learning objectives, and learning 
preference in a certain field. The visualization of learner 
models can enhance the educators’ understanding of learners to 
a certain extent, and help learners evaluate their learning 
objectives and self-reflect as well. 

Kay presents the user model by hierarchically displaying 
concepts in the domain, which shows the user's status of 
grasping all knowledge points in a certain field. Suraweera and 
others intelligently tutor the entity relationship of knowledge 
by constructing an open learner model, the purpose of which is 
to teach the conceptual design of the database. Zapata Rivera 
and others present learners model in forms of concept maps. 
The major feature of this model is that it can evaluate students’ 
mastery of a certain concept by capturing students’ viewpoints, 
teachers’ opinions, and learners’ systematic feedback in 
learning process [16]. Professor Petery's team has conducted a 
series of studies on the open social learner model, which 
explored the integration, learning sequence, interaction, social 
comparison, and model recognition of the model visualization, 
and studied the improvement of metacognitive ability, the 
collaboration and communication of learners, and the 
mechanism of learning achievements [17]. Check-Yee Law and 
others examined students’ understandings of an open learner 
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model visualization prototype tool (Doubtfire ++) and their 
viewpoints of its effectiveness. It examined students’ views 
and understandings of using visual tools to help students learn 
about setting appropriate goals, monitoring learning 
performance, and reflecting on teaching. According the 
analysis of the survey results, Doubtfire ++ positively affects 
the users’ perceptions of setting appropriate goals, monitoring 
performance and reflecting on learning [18]. Wang Liping 
designed and developed MindOLM, an open learner model 
based on mind maps, which presents the learner's learning 
progress by transforming the curriculum knowledge of the 
learner model into mind maps. She designed and developed 
TableOSLM, an open social learner model based on tables, 
which presents the learning progress of learners, learners’ 
group and their partners by turning the curriculum knowledge 
of their learner model to tables [19]. Yu Shengquan and others 
realized the visualization of learning evaluation, learning time 
and learning progress on the learning meta-platform. 
Curriculum developers set up an evaluation program for the 
course. The learners can check their evaluation information at 
any time, get to know the learning situation and adjust their 
learning strategies appropriately [20]. 

IV. THE ENLIGHTENMENT OF VISUALIZATION TECHNOLOGY 
IN SUPPORTING ONLINE LEARNING 

Visualization mainly relies on learning analysis technology 
to provide learners with attractive learning resources and 
effective feedback through a visual interface. Visualization 
technology utilizes learners’ quick perception of visual channel 
to improve learners’ efficiency in identifying and processing 
online learning resources and system feedback, which is 
conducive to promoting students’ deep learning, profound 
meaning construction and knowledge transfer [21]. 

Using visual information to demonstrate the interaction and 
collaboration process helps learners grasp and evaluate their 
knowledge and promote their reflection. At present, there are 
only separate studies of visualizing collaborative learning 
process or personalized learning process. Learners will have a 
much richer learning experience by presenting collaborative 
learning and personalized learning process in a same visual 
map. It is required that educators develop a system that 
visualizes the learning path of knowledge in the field. More 
teachers and students with authority can modify the knowledge 
content or learning path in the knowledge map, and they can 
give feedback to each other and effectively use the collective 
intelligence of teachers and students. Learners can selectively 
adopt their peers' opinions for personalized learning. 

The objects of the visual presentation of user model should 
not be limited to feedback information of knowledge and 
students’ achievements. In the learning process, the status of 
accomplishing learning goals is also important information that 
reflects students’ learning situation. If relevant techniques can 
capture the progress information of the learning goals and 
realize the visualization, then teachers can find the slower 
learners. At this time, it is necessary to take corresponding 
measures, such as additional tutoring alone. In addition, the 
existing user model lacks human-computer interaction. The 
visual representation of evaluation index, learning progress and 
other information can realize the knowledge visualization tools 

of human-computer interaction, which has a significant effect 
in optimizing learning. 

The purpose of visualization is to present complex and 
indetectable problems in an image way, so that a picture is 
worth a thousand words. However, in terms of data 
visualization at present, teachers and learners cannot easily 
understand the information expressed in these visualization 
results because the results obtained by learning analysis tools 
are still too professional. It is the important aspect of 
visualization research that how to present complex information 
in a simple and clear way, or how to guide teachers and 
learners to interpret the content and information presented by 
visualization. In particular, it is necessary to visualize the 
adaptive presentation according to the needs of teachers and 
students. The above questions are all worthy of attention in the 
future visualization research. 
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