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Abstract

With the updating of knowledge and the development of talent strategy, diver-
sified talents with innovation and self-directed learning ability are valued. Higher
education requires more autonomy from students, but some university fresh-
men have the phenomenon of maladaptation, which affects the formation of
growth and innovation ability, and requires teachers to cultivate their sense of
independent inquiry, time management ability and so on. The paper divides
the cultivation of autonomous learning ability into 4 first-level dimensions and
15 specific dimensions, and adopts a scaffolding teaching strategy, which is di-
vided into two kinds of scaffolding oriented to knowledge points and process
and method. The teaching practice was carried out with the freshmen of 2023
Inspirational Class and Pedagogy Class as the target and the university infor-
mation technology class as the carrier: firstly, the scaffolding strategy was used
as the basis for analyzing the teaching content and target, designing the curric-
ulum and forming the cultivation model; then, the practical activities were car-
ried out to determine the starting point of the teaching through questionnaires
and interviews, and the teaching practice was carried out in multiple rounds to
validate the feasibility and validity based on the data, and to improve the teach-
ing design in an iterative manner. The results show that the experimental class
has higher final grades than the control class, significantly higher collaboration,
motivation and other abilities than the control class, and the dimensions of
independent learning ability are greatly improved, and the model is feasible
and effective, which can be used as a reference for the cultivation of students’
independent learning ability.
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1. Objectives and Background
1.1. Background

1) Innovative talents are an important driving force for national develop-
ment

The country urgently needs schools of all levels and types to cultivate compre-
hensive talents, and the Outline of the National Medium- and Long-Term Talent
Development Plan (2010-2020) points out that it is clear that it is necessary to
improve the ability of independent innovation and build an innovative country.
In April 2018, the Ministry of Education issued the Education Informization 2.0
Action Outline, which takes the cultivation of innovation and other abilities as the
central task of talent cultivation. And independent learning ability is extremely
important and key to the cultivation of innovative talents. For this reason, schools
and teachers should make use of the informational teaching environment to pro-
mote the development of students’ innovative ability through the cultivation of
their independent learning ability to meet the national talent demand.

2) Some of the new students are not capable of independent learning and
need in-depth guidance from teachers

From the current practice of university teaching, some students still use the
learning method of “listening to lectures and taking notes according to the text-
book™ after entering the university, with poor learning efficiency and effective-
ness, poor time management, lack of active thinking, not being able to reflect on
what they have learnt, weak independent inquiry ability, which can’t satisfy the
requirements of national talent cultivation. Therefore, in university education,
teachers should explore effective strategies to guide students to carry out in-depth,
create an environment for independent inquiry, standardize the process, and help
students to form an awareness of independent inquiry, cultivate their independent
inquiry strategies, so as to enhance their independent learning ability.

3) The lack of self-directed learning ability is mainly reflected in the lack of
independent inquiry thinking and strategy

In the flipped classroom teaching activities of information technology courses,
penman found that some students have insufficient independent learning ability,
lack of independent inquiry awareness and strategies, inflexible use of professional
knowledge, and are still accustomed to the passive listening method in high school.
This requires teachers to establish relevant scaffolding in teaching, guide students
to deep processing of knowledge, standardize the inquiry process, provide a vari-
ety of knowledge application contexts, and help students internalize and apply
knowledge.
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4) Information technology courses have advantages in developing students’
self-directed learning ability

The information technology and general technology courses are interesting and
practical, and have become the forefront of cultivating students’ self-directed
learning and collaboration skills, and play a key role in achieving the training goals
of STEM (Ma, Wu, & Liu, 2015). The Information Technology curriculum facili-
tates self-directed inquiry, and the work is designed to enable research-based
learning and collaborative inquiry. In this course, teachers can provide a variety
of scaffolds, build a platform for independent inquiry, deeply process professional
knowledge, guide students to form a sense of independent inquiry, standardize
their inquiry process and learning strategies, and gradually develop their inde-

pendent learning ability.

1.2. Research Objectives

With the help of information technology courses, this study explores the effective
scaffolds and application strategies for the development of self-directed learning
ability, and explores its impact on college students’ self-directed learning ability.
According to the course content and teaching situation, the scaffolds are divided
into two categories: “knowledge-oriented” (using “blank space correction”) and
“process-oriented and method-oriented” (using “work design report”). After one
semester of teaching practice, the impact of the questionnaire on self-directed
learning ability and teaching effect of college students was analyzed, so as to form

an effective scaffold and feasible teaching model.

2. Literature Review

There are many research results on the development of self-directed learning abil-
ity and the cultivation of this ability with the help of information technology
courses both at home and abroad, and they show different development trends
and research tendencies.

On the domestic front, a search on China Knowledge Network (CNN) using
the keyword “self-directed learning” shows that there are many relevant papers
and the number of papers issued has been on the rise in recent years, reflecting
the deepening of scholars’ research and the growth of social demand. Theoretical
researches have been gradually carried out since the 1980s, from the innovation
of teaching methods in the early stage to the multi-dimensional in-depth analysis,
but a universal cultivation model has not yet been formed, and most of them are
focused on specific disciplines and contexts. In the combination of disciplinary
teaching practice, foreign language teaching is a hot spot, such as Wang, Zhou and
Wu (2015) exploring the change of college students’ English self-directed learning
ability in the transition from high school to university, Li (2016) studying the re-
lationship between college students’ English self-directed learning ability and self-
efficacy, Yun and Du (2013) exploring college students’ English self-directed

learning mode in the network environment, Hu (2007), Lu and Li (2007) discussing
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the ways of cultivation, respectively, Xu (2020) defines the connotation of self-
directed learning ability of foreign language majors and explores the cultivation
path and related roles and synergistic development. There are also researchers fo-
cusing on independent learning implementation, purpose, mode construction
and effectiveness (Huang & Zhang, 2018). Ma et al. (2016) from Beijing Normal
University, on the other hand, used the flipped classroom to cultivate college stu-
dents’ self-directed learning ability in the information technology course with re-
markable effect. Comprehensively, subject teaching mostly explores the cultiva-
tion path from the three-dimensional perspective of teachers, students and envi-
ronment, and foreign language research is more concentrated. Ma et al. (2022)
adopted a qualitative and quantitative method to investigate freshmen’s autono-
mous learning ability, deeply analyzed the influencing factors and specific attrib-
ution of freshmen’s autonomous learning ability, and put forward corresponding
strategies for cultivating their autonomous learning ability, and then verified it
through teaching practice.

In foreign research, the concept of independent learning has been proposed
early, since the 1980s, the teaching and learning model, constructivism in the
1990s gave birth to a variety of pedagogical methods, the United States, Professor
Zimmerman proposed a six-dimensional framework for the study of independent
learning (Zimmerman & Risemberg, 1997). In the influencing factors research
mostly based on the Zimmerman framework to select factors research, learning
models are rich and diverse, such as Grow (1991) put forward the stages of inde-
pendent learning model, Boyatzis (2005) put forward the independent learning
theory model, explored the relationship between motivation, self-management,
self-monitoring, independent learning, Pilling-Cormick (1997) put forward the
independent learning process model. The ways of cultivation have been explored
from various aspects, such as Betts, Kapushion and Carey (2016) proposed the
21st century self-directed learning competence student model, and others studied
the impact of virtual reality and other technologies on self-directed learning in
higher education (Martin-Gutiérrez et al., 2015), and others paid attention to the
development of collaborative self-directed learning competence in language learn-
ing (Kessler & Bikowski, 2010), and self-directed learning activities in the net-
worked learning environment, etc. (Lee, 2016), and in recent years, attention has
been paid to the effect of its impact on the development of other competencies,
such as Literature, Culture and Communication. In recent years, attention has
been paid to its impact on other competencies, such as Sercu (2010) focus on the
impact of self-directed learning on intercultural communication competence.

In terms of fostering self-directed learning with the help of information technology
courses, the number of related literature searched on the Domestic Knowledge Net-
work has stabilized since the increase in 2013. The research focuses on two aspects:
one is to regard the information technology course as an important way and pay
attention to the connotation characteristics and so on, as described by Hou (2011),
Zhang (2017), and Zhang (2009); the second is to combine information technology
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Identify research topics E:>

with the subject curriculum, and to cultivate students’ self-directed learning abil-
ity in the subject curriculum. There are strategy studies at home and abroad but
more discursive, lack of empirical evidence, implementation and evaluation to be
improved.

In summary, although some results have been achieved at home and abroad, it
is still necessary to strengthen empirical research and explore effective teaching
models that are oriented to the dimension of competence, optimize the training
mode and evaluation of information technology courses, and aim at enhancing

students’ self-directed learning ability.

3. Design of the Research Scheme

3.1. Research Process Design

Determine the constituent elements of
the cultivation of autonomous learning ability

H ‘ Pretest ’

v

Data analysis

i : Design teaching support

Determine the evaluation criteria for the
cultivation of autonomous learning ability
based on Information Technology

Questionnaire analysis

| Knowledge point oriented suppart ‘
1 Analysis of work design report

Process and methed oriented framework

Interview analysis

Determination of teaching support based
on teaching content analysis

l

Form the final questionnaire

-

v

‘Teaching organization and Imp\ememaliuﬂy

v

Form a conclusion

based on three scales : | Post test and student interview ’ H {

Research design Teaching implementation Data analysis

Figure 1. Flow chart of the research process.

This study focuses on university information technology courses, aiming to ex-
plore the role and teaching effect of scaffolder teaching strategies on the cultiva-
tion of college students’ self-directed learning ability, as shown in Figure 1. The
theme was first identified through literature study, the elements of the cultivation
of college students’ independent learning ability were analyzed and clarified, the
teaching design was carried out to determine two scaffolding designs and cultiva-
tion models. The knowledge-based scaffolding adopts the “semi-finished prod-
uct” strategy, while the process- and method-based scaffolding is presented in the
form of a work design report. The questionnaire was then combined with the rel-
evant scale and the actual course to determine the questionnaire, and the ques-
tionnaire and interview were conducted at the beginning and end of the semester.
Afterwards, multidimensional data analyses were carried out, covering the ques-
tionnaire, the work, the work design report, the interviews and the final grade.
Finally, based on the results, the scaffolding role is explored, changes in the di-
mensions of independent learning ability of students in the experimental class and
the impact of teaching strategies are analyzed, and the cultivation path is summa-

rized and verified through multiple rounds of iterations in order to improve the
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application of strategies and enhance the independent learning ability of college

students.

3.2. Instructional Design for the Development of Self-Directed
Learning Ability

1) Research framework design

This study argues that in the process of self-directed learning ability cultivation,
the accumulation of basic knowledge related to curriculum content and self-di-
rected learning strategies are the basis for the cultivation of self-directed learning
ability, the collaboration ability and time management ability in self-directed
learning strategies are not only the elements of self-directed learning ability, but
also an important condition to promote the development of self-directed learning
ability, and the self-directed learning consciousness gradually grows up with the
formation of self-directed learning strategies. Willpower is an important quality
in the development of self-directed learning ability, and good willpower is condu-
cive to the cultivation of self-directed learning ability, while the process of self-
directed learning ability development will positively promote the development of
willpower. In addition, with the deepening of the cultivation of self-directed learn-
ing ability, students’ self-learning ability is gradually developing, and the teaching
scaffolds will gradually decrease, and finally reach a state without scaffolds. The
structural framework for the development of self-directed learning ability is

shown in Figure 2.

Consciousness of independent inguiry

Teaching practice

N

A
A\

Collaboration capability <::> Willpower

Independent inquiry strategy Subject knowledge

Figure 2. Structural framework for self-directed learning ability training.

2) The guiding ideology for the cultivation of self-directed learning ability

Awareness of self-directed learning is based on self-directed learning strategies
and subject knowledge, without which it is not feasible to talk about self-directed
learning awareness, and it will increase students’ anxiety. The development of
awareness should start with the development of strategies, and subject knowledge
should be of appropriate level of difficulty. Willpower is crucial for the implemen-

tation of self-directed learning strategies and ability development, and especially
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attention should be paid to motivation, attitude, and anxiety control. When culti-
vating self-directed learning ability, it is necessary to provide all-round support,
pay attention to anxiety to protect motivation and prevent learning boredom. The
cultivation of self-directed learning ability is inseparable from the learning of spe-
cific disciplines, and should be “cultivated and developed in learning”, combined
with the inherent characteristics of learning content, and the ability training ob-
jectives and learning content should be organically integrated. Focus on certain
aspects of cultivation in stages, and continue to cultivate them through the char-
acteristic teaching stage, so as to promote the all-round development of students’
independent learning ability.

3) Learner analysis

The teaching object of this study is the freshmen of the class of 2023 in North
Normal University, who are mostly adapted to the passive learning mode in high
school, and have poor independent learning and inquiry ability. The survey found
that: some students used to listen and memories, low efficiency in class; when on
the computer, they mostly mention the problems that have been taught, and when
they encounter difficulties, they are eager to seek answers; in the instruction, there
are two extremes in students’ questioning, either they are shy to ask questions
leading to low efficiency, or they rely too much on asking for help. For example,
when doing Excel module exercises, some students gave up trying because of in-
terface problems. These phenomena show that students have low self-confidence
and poor foundation, and it is difficult for them to adapt to the university inde-
pendent learning mode. The flexibility of the university classroom, some students
are at a loss, stemming from the lack of independent learning ability cultivation
in primary and secondary schools, which is manifested in the lack of independent
learning awareness and strategies, and it is difficult to cope with the university’s
high information content and the increase in the number of open-ended questions
in the learning life. In addition, the university has a lot of free time, but students
do not know how to arrange it reasonably, and often feel confused, empty and
anxious.

4) Selection of teaching strategies oriented to the development of self-di-
rected learning ability

In teaching the course Fundamentals of Information Processing, teachers use a
variety of teaching strategies in order to achieve teaching goals and develop stu-
dents’ self-directed learning ability. The four main areas are as follows:

a) Stimulate students’ interest in learning with new and interesting teaching
cases

Teaching case is the first step of students into the classroom, teachers should
choose interesting and can arouse the curiosity of the case. For example, in teach-
ing Photoshop’s “layers” concept, show “puppy face” case, interesting cases can
quickly let students into the classroom situation and follow the teacher’s pace.

b) Cultivating students’ sense of self-directed inquiry and strategies with a task-
driven approach
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The development of self-directed learning ability focuses on students’ self-di-
rected inquiry activities, and the task-driven approach allows students to focus on
a common task, driven by a strong motivation to actively apply learning resources
for self-directed inquiry or collaborative learning to complete the task. Teachers
follow the concept of “student-oriented” in teaching, guiding students to use the
scaffolding independent inquiry to solve problems. For example, when students
design posters independently, teachers give design rules, requirements and exam-
ples, and standardize the process of inquiry with the work design report, so that
students can use the existing resources to complete the design with autonomy and
creativity, and then gradually cultivate the awareness and strategies of independ-
ent inquiry.

c) Reflecting changes in students’ self-directed learning abilities with work de-
sign reports

Students’ self-directed learning ability is cultivated throughout the teaching
practice. Teachers not only pay attention to the final work, but also to the produc-
tion process. Students or groups are required to record the design process of the
work, and the report can clearly show the design process, so that teachers can reflect
on and optimize the teaching design accordingly. At the same time, students fill
in the report is a knowledge output process, which can sort out, evaluate and re-
flect on the design process and optimize it in time, and also strengthen the under-
standing of knowledge.

d) Exercise collaborative skills with collaborative group learning

Group cooperation is an effective way to exercise students’ collaborative ability,
which is conducive to the mutual complementarity of group members, and is
more conducive to the cultivation of students’ time management ability and sense
of responsibility. Teachers should consciously cultivate and exercise students’ col-
laborative ability in the process of education and teaching by means of group
learning, so as to lay the foundation for the development of students’ self-directed
learning ability and even comprehensive ability. In this teaching practice, there
are rules to guarantee the quality of learning in group cooperation to produce
PPT, limiting the number of groups to 4 - 6 people, requiring the completion of
the work design report, mutual evaluation of members and the use of inter-group
mutual evaluation and teacher evaluation, and the teacher randomly designates
the reporter, prompting the members to prepare carefully.

5) Selection and design of learning content

This study takes the course “Fundamentals of Information Processing” as a car-
rier, designs the system of cultivating self-directed learning ability according to
the sequence of “self-directed inquiry strategy-collaborative ability-awareness of
self-directed inquiry-comprehensive evaluation”, and pays attention to the use of
scaffolding to cultivate students’ awareness of self-directed inquiry and self-di-
rected learning ability.

a) Selection and design of learning content for the cultivation of self-directed
learning strategies

The content selection follows the principles of rich knowledge and clear logical
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relationship, rich online resources, easy to set exercises, clear knowledge logical
system and difficulty level. The module “Excel-based statistics and data analysis”
was chosen because Excel is closely related to students’ lives, has a strong knowledge
system and is rich in resources, which is conducive to the development of stu-
dents’ multiple learning abilities. The teaching design adopts a semi-finished
white space design for knowledge points, leaving key knowledge points white
and providing corresponding scaffolding and resources for students to choose
scaffolding to solve problems in order to achieve the purpose of internalizing
knowledge.

b) Selection and design of learning content for collaborative capacity develop-
ment

The selected content should be suitable for project teaching, the knowledge
content is simple, interesting and practical, the comprehensive tasks are moderate
and can be disassembled, the acquisition of raw materials is easy and flexible, and
there is enough time to complete the tasks. Selected “PPT slide presentation”
module, the content is suitable for the layout of the presentation development de-
sign tasks, the organization of materials and task management is suitable for group
work, and suitable for students’ daily learning and reporting. Teaching activities
are organized in a group cooperation way, and students make PPTs around topics
closely related to campus life or university study at BNU. To ensure the quality of
group learning, we set requirements for the number of students in the group, work
reports, mutual evaluation and randomly formulated reporters, etc., and design
relevant forms in advance with reference to the theory of CSCL to strictly manage
the process of the activities.

c) Selection and design of learning content for the cultivation of self-directed
inquiry

The content selection should meet the principles of learners’ familiarity with
the knowledge and experience in using it, a large number of online resources, and
having knowledge-oriented and comprehensive tasks. The module “Word-based
Text Information Processing” was chosen because its knowledge points are simple
and most students have experience, so the teacher reduces the scaffolding for stu-
dents to explore independently. Teaching activities are organized in such a way
that the knowledge points are oriented to exercise students’ basic operation ability
with semi-finished products, and the process and methodology are oriented to let
students complete comprehensive tasks and standardize the design process with
the help of the framework with the help of the work design report, and the stu-
dents, after completing the basic tasks, will complete the design of the work and
fill in the work design report by finding materials independently with the use of
online resources.

d) Selection and design of learning contents for comprehensive competency de-
velopment

The selected content should be suitable for comprehensive tasks, creative space,

rich in knowledge with a certain degree of difficulty and many resources, etc. The
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Teacher's Activities

Student activities

module “Multimedia Material Processing” is in line with this principle and is suit-
able for comprehensive tasks in the category of short video production, with sim-
ple knowledge, teachers withdrawing most of the scaffolding without affecting the
learning effect, and rich in content with many resources. The organization of
teaching activities adopts the method of half-finished products and white space,
and the comprehensive work design refers to the short video design, which is de-
signed as the last round of teaching without scaffolding, and is explored and
played by the students independently, and the design of their works can be used
as a reference for the change of students’ self-directed learning ability in a semes-

ter.

3.3. A Preliminary Model of Self-Directed Learning Ability
Development Based on Scaffolding Strategy

.

g N
Teaching objectives Review old knowledge
Teaching contents Teach new knowledge Clear task Correcting homework
Teaching activities Demonstration case Troubleshoot Timely feedback
Homework after class Summary review
Preparglléosr; before —» Teachinginclass |—» Computer coaching After class feedback
. S/
Teachers use scaffold
to guide students to
explore, and students
explore independently
after class
4 N
Operation exercise . ;
H . . ) . Submit homework H
Review old knowledge | | |~ Raise dificulles o g brackets, Receive feedback |
Explore new knowledge | @ g _e?(:r::rrs:za fon eli-directed Inquiry Reflection summary

l H A r k.

Self-determination

Preview before class | —»| New knowledge learning || exercise Reflection summary

M eeremrmme e e rn e Scaffolding Strategy -----'
J

Figure 3. Model of developing self-directed learning ability based on scaffolding strategy.

According to the actual teaching situation, the teacher’s activities are mainly
divided into three parts: pre-course preparation, in-class instruction and post-
course feedback, of which the in-class instruction is divided into theoretical in-
struction and computer tutoring. Teachers mainly create a good environment for
students to explore, and provide students with problem-solving scaffolding to
guide students to solve problems independently. Student activities are mainly di-

vided into four parts, namely, pre-course preparation, new knowledge learning,
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independent investigation and reflection and summary, students mainly in the
environment created by the teacher, using the scaffolding given by the teacher,
independent investigation or mutual collaboration to solve the problem. Accord-
ing to the construction principle of the model, the author designed a model of
self-directed learning ability cultivation based on scaffolding strategy, as shown in
Figure 3. Finally, the teacher summarizes the effects and shortcomings of this
round of teaching practice in time after each round of teaching practice, and im-
proves the teaching design of the next round based on the students’ learning effect,
work design and work design report.

As can be seen in Figure 3, the model is characterized by the scaffolding strategy
throughout the entire process of teacher and student activities, turning the previ-
ous emphasis on students’ operational skills into the cultivation of students’ self-
directed learning ability on the basis of the emphasis on the mastery of basic op-
erational skills. At the same time, this study also focuses on the instructional de-
sign in terms of both knowledge points and comprehensive large tasks to optimize

and improve teaching practices through an iterative approach.

4. Teaching Practice of Autonomous Learning Ability
Training Based on Scaffolding Strategy

In this study, the teaching practice is carried out in the course of “Information
Processing Foundation” and the research activities are organized in the mode of
“experimental class-control class” (one class in the experimental class and two
classes in the control class), aiming to explore the effective support for cultivating
students” autonomous learning ability. There were four rounds of activities, and

the scaffolding strategies used in each round were different.

4.1. Scaffolding and Design for the Development of Autonomous
Learning Strategies

1) Objective

To enable students to master the knowledge and skills related to Excel, form
independent inquiry strategies, and improve their independent learning ability in
many aspects.

2) Stent design and application

a) Multi-type resource scaffold

Providing micro-video, text materials, PPT and discussion posts. The micro
video introduces the concept and operation steps of knowledge points, the text
material lists the detailed operation steps, PPT helps recall knowledge, and the
discussion post contains difficult problems and thinking process. With the help of
this scaffold, students can improve their ability of resource selection and learning
auxiliary application.

b) Self-diagnosis and information processing support

Through the practice questions and operation materials in the micro-course

resource package, and the process recording information of the learning platform,
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students are encouraged to self-diagnose, check for deficiencies, and improve
their information processing ability.

¢) Interactive communication scaffold

The micro-video playback interface has a posting function, which encourages
teachers and students to exchange views and question each other, and promotes
students’ deep thinking, summarizing points and information processing.

d) Homework Assistance Scaffolding

The job requirements interface provides scaffolding, such as links to learning
resources such as functions and text materials (Figure 4). Students can click to get

help and maintain learning motivation when they are confused.

@ ﬁ‘%) © D D Data analysis technology.htm X +

< (@] @ https://cen.bnu.edu.cn/dataAnalysis/data_analysis_technolog... L] i} b=

4. Data analysis technology

(1)Use frequency analysis function in F51: J56 of the student table to analyze the number of students who
fail (<60), pass (>=60<70), pass (>=70<80), do well (>=80<90), and excel (>=90) in the four subjects.
Require the use of the beauty analysis function formula and keep the formula in its original position
[Scaffolding: FREQUENCYO function. Micro vision. Reading_text]

(2)Using the chart function, draw a line chart of the distribution of grades, requiring @to use "subjects” as
the legend and place the legend at the bottom of the chart; @Title the chart as "Statistical Chart of Student
Achievement Distribution”; @ The vertical axis title is "Number of people”, and the horizontal axis title is
"Score category". The chart is placed on the right side of F51: J56 district city, without speed gear data.
[Scaffolding: Line Chart]

(3)Copy all the data between A1: P39 in the "Student Table" to the new worksheet "Data Analysis Table 1". In
the new worksheet, please use the function to analyze whether there is a correlation between Chinese
language scores and math scores. Place the results in 841 and explain the analysis conclusion in text in 41.
Use the function to analyze whether there is a correlation between Chinese language scores and total
amount. Place the results in B42 and explain the analysis conclusion in text in C42.

[Scaffolding: Correlation Test: CORRELO Function. View Text]

(4)In "Data Analysis Table 1", use a function to analyze whether there is a significant difference between the
scores of "Chinese" and "Chinese 2". Please place the calculation results in B43 and explain the analysis
conclusion in writing in C43.

[Scaffolding: Paired Sample T-Test: TTESTO Function. Read Text] v

Figure 4. Excel knowledge point task (part).

e) Scaffolding of teaching activities

Teachers encourage students to describe their views on problems and guide
them to explore independently; support students to use resources to try and com-
municate, improve self-confidence and self-efficacy.

3) Implementation process

Pre-class teachers emphasize the importance of autonomous learning, guide the
use of scaffolding to explore; in the lesson, the theoretical teaching is combined
with the case demonstration, and the task is arranged and the use of the bracket is
explained. After class, students basically master the basic knowledge of Excel, and
the self-exploration strategy has developed, but there are problems such as func-

tion use.

4.2. Scaffolding and Design for Collaborative Ability Training

1) Objective
Let students master PPT operation, and exercise the ability of collaboration and

time management in teamwork.
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2) Stent design and application

a) Collaborative guidance and reflection scaffold

Create a “work creativity and design report” focusing on creativity and division
of labor, guide students to divide and cooperate, record the contribution, collab-
oration and harvest of each student at each stage, and encourage students to reflect
on the creativity and design process.

b) Supervision and mutual evaluation support

Create a “mutual evaluation form within the group” to encourage members to
supervise each other and evaluate contributions and help.

c) With the help of the “inter-group evaluation form”

Encourage group mutual evaluation, require to find the strengths and weak-
nesses of other groups, give full play to students subjectivity in the process of mu-

tual evaluation, and learn from each other (Figure 5).

Evaluation Form for Student Creativity and Gains in Project-based Learning

Name of reporter: ‘ Group member names:

Title of work:

Main advantages of the work:

Main shortcomings of the work:

Rated group number: -
‘What have you learned from this work?

first group
Report performance | Work quality | Technical level | Composition color | Smooth playback
score: score: score: score: score:
Final score:

Figure 5. Evaluation table between the groups.

d) Task decomposition and time management support

“Creative Works and Design Report”, which divides PPT design into stages, sets
time intervals, and helps students decompose tasks and manage time.

e) Teaching content support

Provide excellent works appreciation, templates and key operation steps, and
teach key and difficult points through classroom questions.

3) Implementation process

Clear learning methods and group requirements before class; in the course of
theoretical teaching, questions are asked instead of lectures, difficult operation
demonstrations, tasks are arranged and brackets are explained in the computer
class; after class, students’ PPT design ability is improved, collaboration and time
management ability is enhanced, and the effect of intra-group mutual evaluation

and inter-group evaluation is good.

4.3. Scaffolding and Design for the Cultivation of Self-Inquiry
Consciousness

1) Objective
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To enable students to master the Word operation, complete the mixed opera-
tion of pictures and texts, and form a sense of independent inquiry.

2) Stent design and application

a) Knowledge and comprehensive task scaffolding

knowledge point tasks adopt the “semi-finished” strategy, such as setting title
style exercises to leave blank key content to help students master knowledge and
skills; comprehensive tasks provide blank design reports, standardize design pro-

cesses, and externalize knowledge and thinking (Figure 6).

@=2) @ O [ DesignandapplicationofWord X

<~ O @ https;//cenbnu.edu.cn/dataAnalysis/design_and_application_. 3

2. Design and application of Word format -~
Download the material document wordzy.docx in the attachment,and then complete the following operationsforthis
document:
(1)Create a newstyle Ma with the format of "the first line is indented by 2 characters, the font is Song type face, small
four, regular font, the line spacing of the paragraph is set to 1.5 times the line spacing, and the first paragraph and the
last paragraph are all 0 lines. Apply this style "Ma" to all text paragraphs(non header text)
(2)Set the behavior "title" style of the main title "representative work”, and set the appearance of this level of title
as:"Hua song No.3,centered,1.5 times line spacing,0.5 lines before and after the paragraph”, and the first line
indented with 0 characters;
(3)Set the "One,Two, Three,Four" lines and the text after them in the paper as the first level title, and modify the format
of this level title as follows: bold, No0.4,1.5 line spacing, 6 column spacing before the paragraph, 0 point spacing after
the paragraph, the text color is dark blue,bold,and the firstlineindent is 0.
(4)Set the criteria of "1" ,"2" , "3" and "4" levels in the paper as secondary headings, with the same format as the
style Ma, but added in bold. The titles of "(1)" and "(2)" levels are three-level titles, which are similar to the style Ma,
but the font is "regular script, bold".
(5)Setall the words "website" in the paper to red with emphasis marks
(6)Add a light blue double line border for the abstract and keywords of the paperwith the function mode of
"paragraph”, and set 20% of the light blue "pattern” as the shading.

Figure 6. Word knowledge point task (part).

b) Self-inquiry consciousness training bracket

Inform students to solve problems independently in advance, change depend-
ence habits, and cultivate self-inquiry consciousness.

3) Implementation process

Emphasizing the layout of academic papers before class, and guiding independ-
ent inquiry; the combination of theoretical teaching and case demonstration in
the class, the arrangement of tasks in the computer class and the provision of sup-
port; after class, most students can design beautiful posters, and their independent

inquiry consciousness develops well, but there are problems in time management.

4.4. Scaffolding for the Cultivation of Comprehensive Ability of
Autonomous Learning

1) Objective

Let students master the knowledge of image processing, audio processing and
video production, and improve the comprehensive ability of autonomous learning.

2) Stent design and application

Retain some knowledge points, adopt the “semi-finished” strategy, such as leav-
ing white filter operation in the knowledge structure, and exercise students’ au-
tonomous learning ability; the comprehensive task removes the bracket and en-

courages students to explore independently (Figure 7).
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@ﬁ% © O Multimedia material processing | X

& C @ https://cen.bnu.edu.cn/dataAnalysis/multimedia_material_pr... a (u] = %

(1)For the footage file (tup1.jpg), the filter with the effects of "lighting effect" , "lens halo" and" 5
layered cloud" is applied, and the woodcut and mosaic effects are produced. Please carefully
observe various filter effects and map them to the operation document.

(2)The face of the figure picture (tup2.jpg) is dark, please adjust and optimize it (note that only
adjust the face skin, and the edge wave should be more natural). [ Scaffolding: Use of filter]
(3)Use the wave filter or deformation function to carry out at least three kinds of deformation
processing on a picture of yourself.

(4)Forthe picture tup41.jpg, the original picture is black and white. Please color the beauty in
the picture and wear a green coat. However, please adjust the picture tup42.jpgto the effect of
late autumn.

(5)For the given picture file tup51.jpg, please remove the duckling in the middle to make it
become a normal water surface; Then remove the text in the middle of the picture tup52.jpg to
make the scenery more harmonious. [Scaffolding: Repair tool ]

Figure 7. Multimedia material processing knowledge point tasks.

3) Implementation process

Teachers guide students to explore independently before class; in the lesson, the
theoretical teaching explains the knowledge and operation demonstration, and
the computer class explains the task bracket and guides the autonomous learning;
after class, students’ tasks are completed well, their autonomous learning ability

is improved, their works are innovative, and the quality of questions is improved.

5. Analysis of the Practical Effect of Scaffolding Strategy for
Autonomous Learning Ability Training

Based on the university information technology curriculum, this study starts from
the teaching objectives of the two dimensions of curriculum teaching and self-
learning ability training, and analyzes the practical effects of the scaffolding strat-
egy through three aspects: self-learning ability post-test questionnaire, experi-

mental class students’ works and reports, and final examination results.

5.1. Analysis of the Effect of Autonomous Learning Ability Training

162 questionnaires were distributed to three classes, and the changes of students’
autonomous learning ability were investigated from multiple dimensions such as
scaffolding, professional knowledge and self-inquiry consciousness.

1) Difference test of autonomous learning ability among the three classes

Because most of the data do not satisfy the normal distribution and the variance
is not homogeneous, the author uses the K-independent sample non-parametric
test (Kruskal-Walls test). The results show that there are significant differences
between classes in self-efficacy, collaboration ability, motivation, learning assis-
tance, self-test and understanding of the role of scaffolding.

a) Kruskal Wallis test

b) Grouping variable: Class

It can be seen from Table 1 that at the level of each dimension of autonomous
learning ability, except that self-confidence and learning assistance in the experi-

mental class are slightly lower than those in the control class 2, the average values
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of other dimensions are higher than those in the control class, especially the ad-

vantages of collaboration ability and motivation dimension are obvious.

Table 1. Post-test data K-Non-parametric test results of independent samples.

Detection statistics®®

Chi-square df ggir:lﬁi Z:ice
Professional knowledge 2.010 2 .366
Collaboration capability 11.477 2 .003
Consciousness of independent inquiry 4.704 2 .095
Self-confidence 4.185 2 123
Attitude 3.125 2 210
Motivation 8.951 2 .011
Practical management ability 1.522 2 467
Anxiety control .046 2 977
Concentration 1.793 2 .408
Information processing 5.045 2 .080
Select key points 4.805 2 .091
Learning aids 9.346 2 .009
Self test 9.047 2 011
Pre exam strategies 1.691 2 429
Function of support 28.361 2 .000

2) Specific reasons for the differences in each dimension

a) Collaboration ability, motivation, learning assistance, self-test dimension

Through the non-parametric test, it is found that the experimental class is sig-
nificantly higher than the control class in the dimension of collaboration ability
and motivation. In the dimensions of learning assistance and self-test, the experi-
mental class is higher than the control class 1 and there is a significant difference,
but there is no significant difference with the control class 2; the recognition of
the scaffold effect in the experimental class was significantly higher than that in
the control class.

b) Self-efficacy dimension

Using independent sample T test, there was a significant difference in self-effi-
cacy between the experimental class and the control class 1, and the score was
higher than that of the control class 1 (t = 2.128, Sig = 0.038); compared with the
control class 2, although the mean value was higher than that of the control class
2, there was no significant difference (t = 1.302, Sig = 0.192).

3) Changes of students’ autonomous learning ability in the experimental
class
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Table 2. Differences in students independent learning ability in the experimental class be-
fore and after the semester.

Autonomous learning ability of At the beginning of The end of a

each dimension the semester semester D-value
1. Professional knowledge 2.63 3.77 1.14
2. Aut.onomous inquiry 3.83 408 025
consciousness
3. Autonomous exploration
strategy 3.40 3.59 0.18
3.1. Autonomous learning
strategy 3.38 3.62 0.24
3.1.1. Learning assistance 4.16 4.05 -0.11
3.1.2. Self test 3.03 3.68 0.65
3.1.3. Choose the key points 3.22 3.73 0.51
3.1.4. Examination strategy 3.14 3.08 -0.06
3.1.5. Information processing 3.35 3.57 0.22
3.2. Collaboration ability 3.49 4.00 0.51
3.3. Time management ability 3.43 3.00 -0.43
4. Psychokinesis 3.31 3.66 0.35
4.1. Manner 3.97 3.92 -0.05
4.2. Motive 3.54 4.05 0.51
4.3. Whole-hearted 3.08 3.11 0.03
4.4. Self-confidence 3.70 3.86 0.16
4.5. Efficacy 3.08 3.57 0.49
4.6. Anxious controls 2.51 3.46 0.95

In order to explore the changes of autonomous learning ability of students in
the experimental class after one semester of teaching practice, the average level
and difference of each dimension before and at the end of the semester were
counted (Table 2). The results show that the students’ professional knowledge
scores change the most, reflecting the good learning effect. The degree of anxiety
control changed from 2.51 to 3.46, which was significantly improved after scaf-
folding teaching, and the improvement of self-confidence and self-efficacy was
also reflected. The level of self-test, selection points, collaborative ability, motiva-
tion and other dimensions has been significantly improved, and the scores of
learning assistance, examination strategy and information processing have not
changed much. The scores of learning assistance, examination strategy, time man-
agement ability and attitude at the end of the semester were lower than those at
the beginning of the semester, and the scores of time management decreased
more, which may be due to the overestimation of their own ability at the begin-
ning of enrollment and the dissatisfaction with the individual’s time allocation

after entering college life.
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5.2. Evaluation and Analysis Based on the Quality of Works

After four rounds of teaching practice, the students” autonomous learning ability
in the experimental class has changed significantly, and the works and reports can
also reflect this conclusion. Through the cultivation of self-exploration strategies,
group collaboration ability, time management ability, self-exploration awareness
and habits, students’ comprehensive ability of self-learning has been significantly
developed.

The analysis found that students changed from the initial “ask teachers without
thinking when they encounter problems” to “solve common problems by them-
selves, and only ask teachers if they are too difficult or unable to find answers”,
indicating that students’ awareness of independent inquiry has gradually in-
creased. They are able to complete and innovate on time when they finally submit
their works, which shows that they overcome inertia and generally enhance their

self-learning ability.
5.3. Analysis Based on the Final Test Scores

Table 3. Statistical analysis of the final test results of the experimental class and the control

class.
Classes and grades in school M =SD
Liyun Liberal Arts Class (experimental class) 85.85 + 10.95
Educational class (control Class 2) 83.25 + 14.32
Liyun Science Class (compare with class 1) 84.05 + 13.85

The three classes were taught by the same teacher. The experimental class used
the scaffolding strategy, and the control class used the conventional teaching. Af-
ter the final paperless examination, the average score of the experimental class was
higher than that of the control class and the standard deviation was smaller (Table
3), indicating that the experimental class had higher scores and the student gap
was small, which also verified the feasibility of scaffolding strategy to cultivate au-

tonomous learning ability.

6. Discussion and Reflection

6.1. Thoughts on the Cultivation of Autonomous Learning Ability
Based on Scaffolding Strategy

After literature analysis, this study summarizes the relevant content of independ-
ent learning ability and scaffold strategy, determines the training dimension of
college students independent learning ability, takes the information technology
course as the carrier to construct the training model, carries out four rounds of
teaching practice, and verifies the effect. Many conclusions are drawn: (1) Through
literature analysis, the cultivation dimension of college students independent learn-
ing ability is formed, including professional knowledge, independent inquiry con-

sciousness, strategies and willpower. (2) The autonomous learning ability training
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Teacher's Activities

:> Teaching proces

Student activities

model based on stent strategy has been formed, which has been proved feasible
and effective by teaching practice. (3) Teaching practice has proved that the culti-
vation of independent learning ability is integrated in the teaching of university
information technology courses, and the scaffold teaching strategy is feasible and
effective. (4) According to different teaching contents, it is feasible to divide the
support into “semi-finished products” teaching strategies for knowledge points
and process-oriented and method-oriented work design reports. (5) University
information technology courses based on independent learning ability can effec-
tively cultivate students independent learning ability, such as collaboration ability,
anxiety control, motivation, independent inquiry consciousness and strategies, and
can improve the teaching effect of information technology courses. (6) The “semi-
finished product” teaching strategy can effectively help the students to master the
knowledge points, and the work design report can realize the teachers control of
the students design process, and can effectively standardize the learning. (7)
Homework design report and group cooperation activity form play a significant
role in cultivating students independent learning ability, but teachers need to care-
fully design and clear requirements, otherwise the report will lead to a mere for-
mality and lack of connotation. (8) The formation of college students independent
learning ability requires teachers to achieve the iterative improvement of the train-

ing effect in multiple rounds of teaching practice.

6.2. Self-Learning Ability Training Model Based on Scaffolding
Strategy

Instructional Analysis of teaching T;:ac;mggs;g?ézgés
G object and content Teaching evaluation

Teaching objectives Review old knowledge

Teaching contents Teach new knowledge Clear task Correcting homework
Teaching activities Demonstration case Troubleshoot Timely feedback
Homework after class Summary review

Preparation

before class —™ Teaching in class —» Computer coaching —» After class feedback

Iterate teacher.
instructional design
through studenis’
works and classroom
observation

Teachers use scaffolds
to guide students to
explore, and students
explore independently
after class

4 ™

: Operation exercise Submit homework

o | | Review old knowledge : Raise difficulties Using brackets Receive feedback

& | [Explore new knowledge | : | seifdetermination Self-directed inquiry Reflection summa;
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: " I I

5 :

@ : =
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Figure 8. Self-directed learning training model based on stent strategy-optimization.
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After a semester of teaching practice, there are some problems in the preliminary
design of the “self-learning ability training model based on scaffolding strategy”
in the early stage. Therefore, this study optimizes the training model, as shown in
Figure 8. In the optimized training model, the teacher’s pre-class teaching design
is added, and the model is improved by iterative optimization of multiple teaching

practices.

6.3. Reflection

This study innovatively integrates the cultivation of autonomous learning ability
into the university information technology curriculum, and carries out four rounds
of teaching practice, covering Excel, PPT, Word and multimedia material pro-
cessing teaching. Although each has its own empbhasis, it is interrelated and pro-
motes each other. It has three innovations to improve students’ multi-faceted abil-
ity. First, according to the literature, it is clear that the training elements of auton-
omous learning ability are applied to the curriculum to promote relevant research.
The second is to build scaffoldings in two types of teaching activities, set different
levels according to content and time, and reflect on optimization to promote the
development of scaffolding strategies; the third is to reveal the influence and rea-
sons of scaffolding strategy on the dimension of autonomous learning ability, and
provide reference for teaching.

Although the final results of the study show that the university information
technology course integrated into the cultivation of autonomous learning ability
has achieved good teaching results, some problems have also been found in the
teaching practice, which need to be improved in the follow-up research: (1) The
course selected in this study is the course of “Information Processing Founda-
tion”, and the teaching design is limited to this course. The application of scaf-
folding teaching strategy and the cultivation effect of autonomous learning ability
in other information technology courses needs to be verified and promoted. (2)
After a semester of teaching practice, the level of each dimension of autonomous
learning ability changes differently, the reasons for the different levels of change
in the dimensions and the impact of the instructional design on the type of learner

need to be further investigated.
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