
Study on Document Measurement and Visual
Analysis of Big Data Education Evaluation

Liang Yang1, Xu Luo1, and Ao Gao2(B)

1 Computing Center, Shenyang Normal University, Shenyang 110034, Liaoning, China
2 National Engineering Research Centre of Fire and Emergency Rescue, Shenyang Fire Science

and Technology Research Institute of MEM, Shenyang 110034, Liaoning, China
gaoao@syfri.cn

Abstract. Machine learning, recommendation algorithm and other new big data
technology, has become an important tool for learning analysis education eval-
uation. Educational evaluation is an important means to evaluate the value of
educational activities, and big data technology is becoming an important part of
educational evaluation. It has become an urgent problem to sort out the status quo
of big data education evaluation research and clarify the context of its research
development. In this paper, we use bibliometrics to analyze the data of 391 articles
indexed by Web of Science in recent ten years, and use Cite Space software to
generate visual results. Through the analysis of the results, it is concluded that big
data technology is of great significance for educational evaluation.
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1 Introduction

Educational evaluation is an important research direction of pedagogy and an important
means to embody educational value and evaluate educational level. Educational eval-
uation is defined as the process of judging the extent to which educational behaviors
meet the needs of individuals and society, judging the value of educational activities,
and expecting to realize the increase of educational value. Educational evaluation is
not only a value evaluation activity, but also a scientific cognitive activity. The field
of education has gradually attracted the attention of researchers. The value of big data
does not lie in the data itself, but in the knowledge extracted from the data through data
mining analysis. The popularization of big data technology in education makes it easier
to obtain the values and rules of educational data through data mining [1]. The multi-
dimensional and comprehensive nature of big data pushes educational evaluation from
small sample data to evidentiary decision with comprehensive and full coverage data.
The core value of education big data is reflected in improving the education process and
increasing the education income. The reconstruction of the education evaluation system
by big data provides an effective help for the scientific nature and rationality of education
management and decision-making. With the application of big data technology to the
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process of education evaluation, the connotation and extension of education evaluation
are gradually changing. In terms of connotation, big data builds a systematic, scientific
and diversified education evaluation system, following the laws of education essence
and talent training. From the perspective of extension, the education evaluation system
that conforms to the law of big data application pays more attention to the micro level
of education and better reflects the basic requirement of people-oriented education.

Data visualization is the terminal link of the big data industry chain, which visually
displays the results of data analysis. Compared with the traditional two-dimensional
table, data visualization has the advantages of large information content and more intu-
itive performance, and can even realize real-time interaction with users. The application
of visualization technology injects new vitality into bibliometric, which makes it easier
to use analysis tools to explore research hotspots and trends in a certain field. Cite Space
is a visual analysis tool based on Java language, which can sort out and display the
research trends and their relationships of scientific literature. Cite Space can process the
data downloaded from the current mainstream literature indexes at home and abroad,
such as web of science, CSSCI and CNKI, conduct data analysis based on keywords at
different levels from macro to micro, and visually present the analysis results.

Studies have shown that in 2012, research in the field of big data began to enter the
practical application stage [13], and the research on big data education evaluation as a
whole showed a steady increasing trend, and the research is still in a period of rising
popularity [15]. In this paper, papers related to big data education evaluation are retrieved
from the core collection ofWeb of Science database during the period from 2012 to 2022
as the research object. Download the paper record information to select full record and
cited references, the file format is plain text. Cite Space software was used to analyze
the downloaded documents, such as national cooperation network analysis, document
co-citation cluster analysis and keyword emergence analysis. Sort out the development
context of big data education evaluation research and find the relevant trends and hot
spots. To provide reference and help for researchers engaged in related research, better
grasp the direction of research development.

2 Research Methods and Data Sources

The research data comes from the core collection of Web of Science database, which is
the most important citation database retrieval platform in the world. Its subjects cover a
wide range of subjects and the data is detailed and accurate, providing effective support
for interdisciplinary research such as big data education evaluation. The data retrieval
strategy is as follows: (TS = (education evaluation or educational evaluation)) and TS
= (big data), the literature type is “Articles or Proceedings Papers”, The time span was
selected as “2012–2022”, and a total of 545 records were included. Then the category
was limited to “Education Educational Research” and “Computer Science,” and 391
valid records were obtained after the search was removed. The exported file is a text file,
and the retrieval time is June 15, 2022. The data obtained basically cover the important
literature of related research in the past 10 years.

First of all, Excel2019 is used to carry out annual statistics on the number of published
papers and draw data point broken line graph. Secondly, Citespace6.1. R2 software
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was used to set parameters: Time Slicing (2012–2022), and each slice was 1 year. The
selection of time slice, node shape and color are based on the principle of clear and
accurate visual effect, and the default values of other parameters are used. (1) Based
on the WOS data, Node Type is selected as country for the analysis of national and
regional cooperation network, and Threshold parameter is set to 10. Here we can see
the development of big data education evaluation related research in various countries,
as well as the research cooperation between countries. For the visualization of national
cooperation network, we can grasp the current research status of big data education
evaluation from a macro perspective. (2) Cluster analysis of literature co-citation was
conducted based on WOS data, and the results were presented in timeline view. The
clustering results show the field of big data education evaluation, the knowledge basis of
research and the mainstream research direction. (3) Perform keyword breakout analysis,
set parameterMinimumDuration to 1, Parameter γ to 0.5, and other parameters to default
values. Generate the statistical table of the time period and intensity of keyword outburst.
Keyword emergent analysis is helpful to grasp the changes of relevant hot spots in the
research field.

3 Results and Discussion

Excel files are directly exported fromWeb of Science, and frequency statistics are made
for data according to “Publication Year”, and data point broken line graph is generated
as shown in Fig. 1. The number of articles published increased from 6 in 2012 to 60 in
2019. The number of articles published in 2019–2020 decreased slightly, but the overall
number remained above 40. Given the timing of the data download, the number of 2022
releases should be increased later. As can be seen from Fig. 1, the number of papers
related to big data education evaluation has shown a trend of rapid growth in the past
10 years, especially in the last five years. It can be preliminarily judged that the research
on big data education evaluation is still in a hot period.

Since 2012, 82 countries or regions have published papers related to big data edu-
cation evaluation. Table 1 lists the 12 countries or regions with the largest number of
documents. China ranks first with 160 articles, followed by the United States (45) and

Fig. 1. Statistics of periodicals published in 2012–2022
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Table 1. Ranking of countries and regions in the number of papers published

Ranking Countries Count Times Cited,
All Databases

Year

1 CHINA 160 159 2013

2 USA 45 295 2012

3 SPAIN 22 30 2013

4 INDONESIA 11 10 2017

4 INDIA 11 20 2014

6 ENGLAND 10 87 2012

7 BRAZIL 10 12 2013

8 ITALY 10 12 2013

9 SAUDI ARABIA 9 87 2017

10 RUSSIA 7 7 2017

11 POLAND 7 30 2015

12 SWEDEN 7 35 2012

Spain (22), which shows that these three countries are in a leading position in the research
of big data education evaluation. The number of citations of papers is an important indi-
cator of the quality of papers. In the statistics of the number of citations of papers by
the database of the whole network, the United States (295) is the highest, China (159)
is the second, and Britain (87) and Saudi Arabia (87) are tied for the third place. It is
noteworthy that although the number of papers published in the UK and Saudi Arabia
as a whole is small, the papers have received a high degree of attention. According to
the detailed data, the paper of Mehmood [11] in Saudi Arabia has been cited for the
highest number of times among all documents, reaching as many as 74 times, including
73 times in the web of science database.

In order to solve the problem of big data application in education evaluation, the
United States has earlier established a three-dimensional education data network cov-
ering the United States, including national, state, school district and school levels, and
established education data standards to regulate and ensure data quality. In October
2020, China issued the overall plan for deepening the reform of educational evaluation
in the new era, which proposed to use big data to generate evaluation tools, promote
the classified evaluation of colleges and universities, guide the scientific positioning of
colleges and universities, and create characteristics and levels. The data futures pro-
gram developed by the British Bureau of higher education statistics is used to build
a data architecture, speed up the collection of data on teaching quality, and provide a
decision-making system for the reform of the higher education sector [16]. At the macro
policy level, all countries are actively promoting the application of education big data
and guiding colleges and universities to establish an education evaluation system in line
with their own national conditions.
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Fig. 2. National and regional cooperation networks for big data education evaluation research

We use the data downloaded by Web of Science to generate a network cooperation
map between countries and regions, as shown in Fig. 2. The figure contains 82 nodes and
113 connections, and each node is used to describe the research situation of a country
or region. The color of the node circles in the figure from light to deep is related to the
publication age of the papers. The light circle in the center represents the number of
papers published in 2012, the dark circle in the outer circle represents the number of
papers published in 2022, and the color of the circle in the middle represents the age, and
so on. From the color distribution of several large nodes, it can be seen that countries
with a large number of publications are conducting continuous research, and papers
are produced almost every year. The connection between nodes is used to reflect the
cooperative relationship between countries, and the color of the same line is also related
to the time of cooperation. Countries that cooperate closely with China include Sweden,
USA Singapore, Bangladesh, Denmark and other countries, and South Korea France
Luxembourg India China and other countries that cooperate closely with the United
States. From the perspective of the breadth of cooperation, China is slightly lower than
the United States.

Co citation analysis is the analysis of the reference data of the paper, which can be
used to study the knowledge base of the subject field. Clustering the co cited results
of literature can further find the frontier and direction of research in related fields.
The citation data of 391 documents were visualized, and the visualization results were
clustered. A total of 430 nodes, 1745 connections, and 9 cited clusters are generated, as
shown in Fig. 3. The figure shows the overlapping relationship between nine co cited
clusters. Each cluster is represented by a colored transparent outline, dots of different
colors represent the number of nodes contained in the cluster, and lines represent the
relationship between nodes. From the positional relationship of different clusters in the
figure, it can be seen that the clusters#0, #3, #4 and #5 overlap more and are more closely
linked. The reason for analysis may be that the keyword deep learning in cluster #0 is
a subset of the keyword machine learning in cluster 3, and both are the frontiers of big
data related research in #4 and #5. Cluster #2 overlaps with cluster #4 partly because
the keyword data collection in cluster # 2 and the keyword educational data mining in
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Fig. 3. Connection of Document co citation Clustering

Fig. 4. Document co citation Clustering Visualization

cluster #4 are two closely related links in the process of big data processing. Cluster #7
is a subset of cluster #1. Most of their studies focus on the related fields of pedagogy,
and they are not closely related to other clusters.

The largest six clusters are selected and displayed in a timeline diagram, as shown
in Fig. 4. Clustering network modularity q = 0.6111, weighted average contour value
s = 0.8079, indicating that the clustering result is reasonable. The documents with the
same clustering theme are arranged on the same horizontal line in chronological order,
and the relatively large circle represents the highly cited documents in this category.

Clustering #0: Pre-service Teachers contains 56 nodes with a contour value of 0.783.
The extracted subject words include deep learning, sentimental analysis, effective big
data sharing prototype and natural language processing. The publication period is 2017–
2022. Deep learning is a new research direction in the field of machine learning, which
is very helpful for the interpretation of text, image, sound and other data. In the field
of big data education evaluation, current research has used deep learning technology
for emotional analysis to realize the correlation with curriculum evaluation [2]. There is
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also research on the use of internet of things, supercomputing and deep learning technol-
ogy to achieve the development and management of intelligent education environment
[11]. Moreover, the deep learning algorithm based on natural language analysis realizes
composition scoring [18] and other related research.

Clustering #1: Education contains 48 nodes, with an outline value of 0.818. The
extracted subject words include learning analytics, artificial intelligence, clustering algo-
rithm and software engineering competency, which are published from 2012 to 2019.
Clustering algorithm is the most commonly used technology in big data analysis, which
is used to gather similar data points. The main research content of this category is to
apply different clustering algorithms to analyze learners’ learning ability and profes-
sional skills, match industrial needs [6], conduct learning analysis [7], and realize the
clustering and visualization of interactive education network resources [12]. Research
related toAI technology includesmonitoring and earlywarning of students’ online learn-
ing performance [14], or evaluating the quality of education management of a discipline
to help the discipline achieve intelligent teaching [5, 9, 20, 21].

Clustering #2: Web Scraping contains 47 nodes with a contour value of 0.749. The
extracted subject words include covid-19 pandemics, process evaluation, data collection,
recommended algorithm and collaborative filtering. The publication period is 2017–
2022. The global pandemic of covid-19 has promoted the rapid development of online
teaching and provided rich data sources and practical experience for big data education
evaluation. Data collection is the premise of big data analysis. Only with enough magni-
tude and high-quality education data can we carry out accurate and standardized educa-
tion evaluation. Recommendation algorithm can provide the most appropriate learning
content for each learner through big data analysis [4]. Collaborative filtering is the most
mainstream algorithm in recommendation algorithm at present. The research includes
using deep learning and collaborative filtering technology to capture the data of online
courses for process evaluation [17]. Use the recommendation algorithm to explore the
relationship between the influencing factors ofmoral education evaluation [19]. And col-
lect the data in the mixed learning environment, and use the results of learning analysis
for teaching intervention [10].

Clustering #3: Sustainability consists of 45 nodes with a contour value of 0.712.
The extracted subject words include machine learning, e-learning and virtual education,
which are published from 2017 to 2022. S. M. Aslam et al. Summarized e-learning
and machine learning algorithms from 1993 to 2020, providing ideas for online learning
evaluation [3]. The research content also includes the teaching quality evaluation system
based on face feature recognition [8] and the attention to students’ privacy in the virtual
education environment [22].

Clustering #4: Information contains 38 nodes with an outline value of 0.817. The
extracted subjectwords include educational big data, educational datamining and subject
knowledge graph, which are published from 2017 to 2022. Educational big data refers
to the data set generated or actively collected in the process of complete educational
activities. Bai et al. systematically summarized the prediction models and evaluation
indicators in educational big data. The research content includes the method of auto-
matically generating subject knowledge map based on educational big data. There are
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also studies on data mining of educational big data to form a pre training model of Col-
lege Students’ development indicators, or to predict students’ grades. Some studies have
also used bootstrap based framework for mobile education big data mining to judge the
learning effect of learners.

Clustering #5 Site Selection contains 37 nodes with a contour value of 0.82. The
extracted subject words include academic big data, correlation analysis, community
detection and disaster recovery. The publication period is 2014–2020. From a more
macro perspective, this clustering studies the application of new technologies in the field
of big data, which can also be applied to big data education evaluation. Some studies
have focused on the rational evaluation and selection of academic big data information
system disaster recovery (DR) sites. There is also research to explore the community
structure composed of big data in different fields, and use potential correlation analysis
and research to promote community detection, so as to achieve educational evaluation.

Through the analysis of the above clustering, we can see that the advanced technolo-
gies in the field of big data have been applied to the research of education evaluation.
From the perspective of time dimension, 2017 is a key point, where the largest number
of large nodes are arranged vertically, indicating that the research related to big data
education evaluation was in an explosive period at that time. On the other hand, there is
also a lot of overlap between these clusters, because many keywords in information tech-
nology are interrelated. For example, the field of artificial intelligence includes machine
learning technology, and deep learning technology is the frontier of machine learning.

4 Conclusion

Using the bibliometric analysis method, this paper combs and counts the papers related
to big data education evaluation on WOS, and finds that the research related to big data
education evaluation has developed rapidly in the past decade, and entered the outbreak
period after 2017. Combined with national and regional cooperation networks, it can be
seen that China is currently in the lead in the number of papers published in this field,
but the number of citations and the breadth of international cooperation are slightly low.
Through literature co citation cluster analysis, we obtained the knowledge base related
to big data education evaluation and found the frontier of current research. Finally, use
keyword emergence analysis to grasp the research hot keywords. It provides a reference
for future research on big data education evaluation.
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