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Abstract. With the advent of the information age, data visualization technology
has gradually shown its unique features in various information fields, and its
importance has gradually been attached importance by various governments and
commercial departments. In teaching in our country, most schools simply use
office software to create pie chart, histogram or table to realize visualization. This
kind of teaching creates a single chart that doesn’t change at all. The content of
the data visualization course of many school courses is outdated, and the way of
visualization is not in line with the needs of The Times, that is, the content has
been criticized as abstract, language mechanization, format and public culture [1].
In order to analyze the teaching quality and evaluate and improve it, this paper
processes and analyzes the data exported from the teaching administration system
based on python, mainly from three aspects: data acquisition, data processing and
data analysis. Firstly, the python crawler technology is used to obtain students’
grades, secondly, the invalid data is processed, and finally, the matplotlib library
is used to visualize the processed data, and the learning status of students in the
class is analyzed and evaluated by combining the obtained images. Through the
data processing of this paper, it realizes the hiding of the student’s name, protects
the privacy of the student, and uses the graph to intuitively reflect the student’s
grade distribution, which makes the grade analysis more convenient.
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1 Introduction

Since ancient times, China has always attached great importance to education. With the
rapid development of artificial intelligence in today’s society, the idea that science and
technology are the primary productive forces is fully implemented, based on education.
In the daily learning process of students, students’ performance in class, study time and
grades of online courses, as well as the score statistics of students’ final exams all need
to deal with a large amount of data. Examination is an important link in the teaching
process, and also an important means to reflect the teaching effect. The analysis of
examination results can not only reflect students’ learning attitude, learning effect and
effort level, but also reflect teachers’ learning attitude, teaching method, teaching effect
and teaching management level to a certain extent. Achievement analysis is an important
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part of teaching process [2]. At present, themost commonly used tools are the PivotTable
function of Excel or mode, mean value and variance in SPSS to generate visual charts
so as to visually reflect the strengths and weaknesses of different subjects and daily
learning performance of different students, providing reference for students to adjust
their learning status in the future. It also provides a guarantee for teachers and parents
to have a clearer understanding of students’ learning status. However, once faced with
a large number of data, Excel and SPSS will inevitably make people a little confused,
still need a more convenient way to carry out data visualization analysis. In the face
of massive data, how to analyze and mine the connotation of data and better present
useful information from the data has become the main object of current research. Data
visualization is an importantmeans of data analysis and information presentation, andhas
also become themain tool of data research [3]. Python is a commonly used programming
language in big data. This paper uses Matplotlib [4] and Numpy [5] libraries in Python
[6] and takes the final grades of this class as an example for data analysis. In order to
protect personal privacy, the names of students have been processed when taking data
in this paper.

2 Current Situation of Analysis for Learning Effect

In the current teaching environment, how to let students have more time to study inde-
pendently through teaching reform has become a more concerned issue. In the face of
the increasing amount of data, the traditional paper analysis method is obviously unable
to meet the demand. So how do you turn data into useful information? Through the use
of visualization technology, we can use visual charts, graphs and other forms to visually
display the performance information. Visual chart analysis of grades is an important
reflection of students’ learning results in the learning process, reflecting students’ mas-
tery of knowledge and learning ability in a period of time. Inmany cases, students’ grades
are not particularly ideal, so for them, performance analysis is particularly important.
In this way, students can be helped to self-reflect, so as to find their own problems in
learning and make targeted adjustments. In daily learning, students can learn the differ-
ences between their weak subjects and strong subjects through various channels. But
much of this information is indirectly obtained by teachers, which obviously can’t meet
the needs of students. So visualization allows students to have a more intuitive under-
standing of subjects they are weak in or interested in, It not only provides reference for
students’ subsequent development of emphasis, but also provides feedback for teachers
and schools’ teaching strategies and methods, playing an extremely important role. Tra-
ditional analysis of grades wastes time and results are not clear enough. For example,
when the author was in high school, he relied on hand-drawn line charts of grades of
each subject, which could only reflect the progress trend of the grades of a single subject,
and also wasted students’ time. Moreover, some teachers will use the data perspective
function of Excel and SPSS in statistics to integrate and analyze data and generate visual
charts. The efficiency of these two methods in the face of a large number of data is also
evident. The use of technical means, such as Python, can be used to visualize the data,
so that students can see their own shortcomings intuitively. Through review and consol-
idation, students can better grasp the content, so that teachers and schools can quickly
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grasp students’ understanding of knowledge, so as to timely adjust the teaching plan
and make relevant teaching plans, so that parents can understand the learning effect of
students more clearly. Thus more comprehensive grasp of the students’ basic situation.

3 Overview of Tools

3.1 Python

Python is a widely used object-oriented, interpreted, cross-platform computer program-
ming language. It is an open source, free, and powerful language that provides a rich
and powerful standard library, as well as a large number of third-party libraries. Func-
tions of third-party libraries involve artificial intelligence, data analysis and processing,
machine learning, Web application development and other fields. With the development
of these fields in recent years, Python has become more and more popular. It has the
advantages of clear and simple, high development efficiency, portability, expansibility,
embeddability and so on. The open source and free features also make this language get
the support and promotion of many users, and become a new choice for the develop-
ment of data processing system. It is an open-source programming language developed
with the community-based model. It’s free to use, and since it’s open-source supports
multiple platforms and can be run on any environment. For example, 2D and 3D infor-
mation visualization optimization libraries Matplotlib, Seaborn and Pandas, Folium,
Basemap, MapBox, GeoPlotlib, PyechartsMap, etc. Information visualization manage-
ment library of social Service Network networkX, Wordcloud, a library for information
visibility optimization of dictionaries and cloud images, andWordCloud from Pyecharts
[7].

3.2 Matplotlib

Matplotlib is an open source data visualization toolkit that is the most popular draw-
ing library in Python for developers, and it is comprehensive and versatile. Matplotlib
is Python’s 2D drawing library. It generates publical-quality graphics in a variety of
hardcopy formats and cross-platform interactive environments, mainly for generating
drawings and other visualizations of two-dimensional data. When using this module, it
takes a few lines of code to generate the required curve chart, histogram, scatter chart,
line chart, pie chart, bar chart, box chart, spectrum chart and radar chart. Not only can
you draw 2D graphics, you can draw 3D graphics, you can also draw animations.

3.3 Numpy

As the most important basic package of Python numerical computation, Numpy is an
open source numerical computation extension of Python and a basic module of data
analysis and Kaohsiung scientific computation. It can be used to store and process large
matrices. It not only supports a large number of dimensional arrays andmatrix operations,
but also providesmany advanced numerical programming tools, such asmatrix data type,
vector processing and precise operation library. Designed for strict digital processing.



Visualization Techniques for Analyzing Learning Effects 45

4 Data Visualization Analysis

4.1 Concept

Visualization is a theory, method and technology that uses computer graphics and image
processing technology to convert data into graphics or images and display them on the
screen, and carry out interactive processing. With the development of digital multimedia
technology, visualization technology has been widely used in engineering, medicine
and other fields. This technology converts relevant information such as data into graphic
images for display, which helps users understand the interrelationship and development
trend between a large number of abstract data, and improves users’ ability to observe
things [8]. Visualization tools are widely used in the visualization of graphic images
[9], human-computer interaction [10], scientific calculation visualization [11] and other
fields. It involvesmany fields such as computer graphics, image processing and computer
vision. For example, some line charts, pie charts and bar charts in Excel can visually
display data in the form of charts to help people better understand the meaning of data
and make decisions about the next step. This is visualization.

The chart below, for example, is the simplest data analysis (Fig. 1).

Fig. 1. Simple line graph

Through data visualization technology, text is converted into graphs. The line chart
can intuitively see the sales trend of one year. The chart shows that the sales volume
changes first, then rises, then rises to the highest value, and finally declines steadily.

4.2 Principle

At present, we are in an era of data and information explosion. Nomatter when andwhere
we are, we will inevitably face the situation of actively or passively receiving news and
feedback. The human eye has powerful pattern recognition capabilities, and more than
half of the human brain function can be used to process and feed backvisual information
[12]. Compared with boring words and numbers, the human brain can be more intuitive
and more specific to recognize elements such as graphics, colors, and sizes, and can
discover the information contained in the data for the first time from the data visualization
graphics [13]. Data visualization refers to the presentation of a large amount of relevant
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data in the form of images and charts, such as word cloud map, radar map, percentage
pie chart, etc., which can integrate data and visually display graphic images [14]. These
charts can communicate and communicate data clearly and effectively, and can analyze
data frommultiple dimensions to draw deep relevant conclusions.With graphical means,
key contents and features can be conveyed intuitively [15]. Word cloud map consists of
frequently appearing words, which are cloud-like color graphics, used to display a large
amount of text data.

For example, in the topic discussion in the general course of learning, word clouds
will be automatically generated when students post their discussions. Words with multi-
ple repetitions are in the center with dark colors and large size [16]. This intuitive visual
effect enables teachers to understand the learning effect of students by observing the
word cloud. As shown in the picture below (Fig. 2):

Fig. 2. Topic discussion word cloud map

The implementation code is:

Get the data pseudocode

def create_ciyun():
input:text
open text
read() text
list (text)
Obtain the output final_text
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4.3 Steps of Data Visualization Analysis

Any data that can be expressed in charts and images can be analyzed visually. First of
all, a large amount of relevant data needs to be acquired. There are manymethods of data
acquisition, such as questionnaire survey and interview, and crawler and other methods
are generally adopted to acquire some open data [16]. Secondly, data screening and
processing are carried out. The data we acquire may be messy, complex and repetitive
[17]. For such low-quality data, data should be discarded to ensure the effectiveness and
reliability of the data. The last is data visualization. This step is to express the processed
data information in the form of graphics and images. At present, people generally use
Excel, Python, Matlab and other software technologies to realize data visualization
analysis [18].

5 Data Visualization Analysis by Python

First of all, climb from the teaching administration system of the final subject scores of
the class, calculate the personal score, and then integrate into the class score, and finally
the class score for visual analysis.

5.1 Obtain Data

Using the third party library requests thisweb crawler tool, crawl the student achievement
information on the educational administration system, just need to give the website and
crawl rules, you can get a lot of information on the website. Based on the analysis of
the scores of some students in this class, this paper obtains the score data of the basic
course of the final examination in the second semester of the 2022–2023 academic year,
and makes a statistical analysis of the information of the students’ course scores. The
key indicators mainly include the number of students taking the exam, the passing rate
of the paper scores, the passing rate of the overall score, the passing rate of the paper
scores and the passing rate of the overall score [19]. The code is as follows:

The result information is beautified by BeautifulSoup and saved in a local file, or
exported to an Excel workbook for processing [20].

Draw bar chart pseudocode

Input: the address of the educational administration system
Input: the score address
Request head
Input: the student username and password
def get(url):
x=requests.get(url,headers=head)
return x
if __name__==’__main__’:

cookie=get (url)
x=requests (url,headers=head,data=user)
content=x.text
gap=requests (url_gap, headers=head)

Obtain the output:gap.text
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5.2 Data Processing

Check the obtained data, and process invalid duplicate data, modify, replace, or delete
it directly [21]. Such programs would also help to reduce error rates by alleviating the
burden of manual data processing that hampers the processing of large-scale actigraphy
data sets[i].

For example, the data redundancy processing code is as follows.

Data processing pseudocode

Input:test={'id':[1,2,3,4,5,6,6],'name':['Lisa','Bob','Candy','Mike','John','Gary','Gary'],
'chinese':[91,90,100,79,98,94,94],'english':[90,95,81,95,95,91,91]}

#View redundant rows
Obtain the output:Null
#Delete redundant rows
Obtain the output:Ture

5.3 Statistical Processing

The results of each subject are counted to obtain the total results of the individual and
the class. The weighted average function can be used. The average score, the variance,
the highest score and the number of students who failed in each subject of the class were
calculated according to the student achievement [22].

5.4 Visualization

Matplotib library is a third-party library in python language [23]. The most basic charts
in daily work include bar charts, bar charts, line charts, pie charts, etc.Matplotlib module
provides corresponding drawing functions for these charts [24]. The data used to draw
the chart can be directly used in the code provided. The bar chart is taken as an example
to draw the performance analysis chart below [25]. The code is as follows:

Do visual pseudocode

Input:x=[Lisa,Liming,Wanghua,Amy,Tom,Anna,Michelle,Mike]
Input:y = [60, 80, 97, 65, 82, 67, 80, 90]
plt.bar(x, y)
plt.show()

Lines 2 and 3 give the values for the x and y axes of the chart, line 4 uses the bar()
function to draw the bar graph, and line 5 uses the show() function to show the graph
(Fig. 3).
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Fig. 3. Bar chart of student achievement

After running, we can intuitively see the distribution of students’ grades. In actual
operation, we can draw a variety of graphs about grades by modifying some parameters.
Teachers can also set up charts of different situations according to the specific needs of
analysis, such as individual subject or total score change table (line chart), the percentage
of grade in the total number of students in the class (pie chart) and so on [26] (Figs. 4
and 5).

Fig. 4. Line chart of student achievement

It can be seen that python visualization technology has the advantages of processing
a large amount of data and high reuse rate [27]. When the original data is changed, infor-
mation can be automatically updated, which is convenient for the use and observation
of data statisticians. Visualization technology based on big data mining existing mass
data, extract valuable information, applied to class performance analysis and university
teaching management, has become a hot practice, can play a positive role in improving
the teaching effect [28].
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Fig. 5. Pie chart of student achievement

6 Conclusion

With the advent of the era of big data, the development of cloud computing and the con-
tinuous progress of big data storage technology, data analysis and visualization analysis
are becoming more and more important [29]. This paper emphasizes its application in
the field of education. The visual analysis of student achievement data can be generated
flexibly by using Python according to the results of part of the final examination of the
author’s class. Some data can be visualized as a whole, can also be used to show some
time series data, and even can be used to show some distribution rules, it is also very
convenient to use, can be directly through a code to call another code to achieve, for stu-
dents, schools, parents in the next deployment of various aspects to provide convenient
conditions. In order to make targeted adjustments to the next way of learning and teach-
ing. It can be seen that achievement analysis will continue to be an indispensable part
of education in the future [30]. At the same time, we also hope that relevant researchers
and scholars can continue to in-depth study on the aspect of performance analysis, and
apply it to more aspects in the field of education. Education information has become the
mainstream, many schools have their own campus system, performance analysis system,
so as to use information management to make school management more scientific and
effective. As a result, data analysis and visualization are becoming mainstream. In the
future, data visualization will become more popular, which can not only reduce labor
costs, but also improve the efficiency of analysis, making analysis more simple and
convenient for students. I believe that visual analysis technology will become more and
more popular in the near future. However, Python also has some shortcomings, such
as Python syntax is relatively simple, resulting in python is not easy to cooperate with
other languages [31]. Moreover, python is also based on object-oriented language, so it
is difficult to support some complex models, these problems need to be perfected in the
future, so Python is a technology that can continue to expand the application.
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