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ABSTRACT Facing the challenges of programming courses teaching in university, this study constructs a
precision teaching classroom for programming courses that integrates precision teaching theory. Firstly, this
paper analyzes the realization conditions for precision teaching in programming courses, then designs the
implementation process of precision teaching including three teaching phases and five teaching links, and
finally carried out teaching practice in C Language Programming course. The practice results showed that in
the precision programming teaching classroom, teacher-student interactions were more frequent and students
had higher programming learning efficiency than in ordinary programming teaching classroom. Compared
with the control class, students in the experimental class were more capable of grasping programming
knowledge and had better programming problem-solving abilities, and most of them were highly satisfied
with teaching design of precision teaching classroom for C Language Programming. Precision programming
teaching classroom constructed by this research provides a more optimized and effective teaching method for
university programming teaching. On the other hand, this study provides a practical case for the integration
and application of precision teaching theory and university curriculum teaching.

INDEX TERMS Precision teaching, programming teaching, learning efficiency, programming abilities,
learning satisfaction, C language programming course.

I. INTRODUCTION

Programming courses are very important for computer spe-
cialty in university, many researchers believe that pro-
gramming courses could promote students’ Computational
Thinking and skills of programming [1], [2].

However, how to effectively conduct programming teach-
ing to develop the skills of programming for students has
become a challenging issue [3]. There are many researches
from different angles, different theories and curriculum
design methods to optimize the learning effect of pro-
gramming courses. There was research that used Web
Programming Grading Assistant (WPGA) to study students’
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learning effectiveness of lower-division blended-instruction
computer science course. WPGA tracked and modeled stu-
dents’ programming learning behaviors and results proved
that diligent students achieved higher exam scores on aver-
age. Using programming learning analytics empowered
instructors to better advise students as to how they should
improve their learning processes [4]. The researcher pre-
sented the instruction of computer programming using adap-
tive learning activities considering students’ cognitive skills
based on the learning theory of the Revised Bloom Taxon-
omy (RBT). They developed an adaptive tutoring system for
supporting undergraduate students in the C# programming
language course, and used the technology of fuzzy weights in
arule-based decision-making module and the learning theory
of a RBT for designing the learning material. The results
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showed that the presented approach outperforms others which
lack adaptivity in domain knowledge and learning theories,
improving significantly the students’ programming learning
outcomes [5]. A programming learning design with online
gamification activities was proposed. The purpose of this
study was to identify the effect of the type of player on
the learning outcomes of online gamification activity pro-
gramming. The Kruskal-Wallis test showed that there was
no significant difference between the types of players on
student learning outcomes. These results proved empirically
that the type of player did not significantly affect the learning
outcomes of online gamification activity programming [6].
No matter from which perspective to improve students’ pro-
gramming learning, if students don’t pass the programming
course, it will affect their subsequent learning of other pro-
fessional courses [7]. Although there are many methods to
optimize programming teaching [8], [9], there are still many
students who give up learning programming course and fail to
pass the programming course [10]. As a result, while students
may be familiar with programming knowledge, it is diffi-
cult to complete programming tasks independently. Grad-
ually, students feel that programming courses are difficult
to learn and lose their confidence and interest in learning
programming [14].

In the 1960s, Ogden Lindsley put forward the concept
of Precision Teaching (PT) [12]. The precision teaching at
this stage was based on Skinner’s behavioral learning the-
ory, which embodied five main principles: “learners know
best”, “focus on directly observable behaviors”, “evaluate
students’ performance based on behavioral frequency”, “use
standard charts to evaluate learning progress”’, and ‘““describe
the environment and conditions under which learning affects
behavior” [13]. In the early 1970s, precision teaching was
continuously developed under the influence of the “zone of
proximal development theory”, “learning hierarchy theory”
and “mastering learning theory”’. Precision teaching began to
move from the field of special education to the field of gen-
eral education, gradually entered the primary school class-
room, from a single teaching object to class oriented group
teaching, which had been accepted and applied by a wider
audience [14]. In 1992, the tenth precision teaching con-
ference established the standard speed change association,
and precision teaching was officially and more widely recog-
nized [15]. In order to grasp the effect of accurate teaching,
researchers had constructed a measurement index to describe
students’ mastery of knowledge and skills, which was called
“Fluency”. This indicator was used to measure students’
mastery of learning, and was considered to be the core of
precision teaching [16]. Fluency measured the mastery of
knowledge with a series of clear words, such as smooth, free,
skilled, etc., and abandoned the traditional method of using
accuracy to describe the mastery of knowledge.

For more than half a century year, many countries have
carried out practical research on precision teaching, mainly
through some teaching experiments to evaluate and verify
the effect of precision teaching. These studies have shown
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that precision teaching can effectively remedy students’ lack
of academic skills, and been proved to have a certain role
in promoting different groups of learners [17]. A Study
proved that precision teaching could shorten learners’ learn-
ing time and significantly improve students’ reading abil-
ity [18], and another study found that PT was helpful to solve
students’ mathematical learning difficulties [19]. Also, there
was research focused on investigating the effect of precision
teaching framework on mathematical ability of students with
intellectual and developmental disabilities [20]. After more
than 50 years of development, traditional precision teaching
has formed a complete set of theoretical methods, mainly
focusing on evaluating precision teaching effects through
teaching experiments. Therefore, precision teaching has been
applied in teaching in many countries since its birth, and has
become a reference framework for evaluating the effective-
ness of other disciplines and teaching methods [21].

In order to provide a more effective teaching method for
university programming courses, this research constructs a
programming teaching classroom with the integration of pre-
cision teaching theory. Therefore, this study mainly conducts
in-depth research on the following three issues.

1.What are the realization conditions of precision teaching
classroom for university programming courses?

2.What is the process of precision teaching in university
programming courses?

3.What is the teaching effect of constructed precision pro-
gramming teaching classroom?

The rest of the paper is organized as follows: Section II
describes the current challenges in teaching programming
courses. Section III explains the realization conditions
of precision teaching classroom for university program-
ming courses. Section IV details the teaching process, and
Section V shows a teaching practice case based on con-
structed precision teaching classroom. Section VI further
discusses the practice results and teaching effects of this case,
and conclusions and future work are described in Section VII.

Il. CHALLENGES IN TEACHING PROGRAMMING
COURSES

A. SELECTING APPROPRIATE METHODS FOR TEACHING
PROGRAMMING

Although there are many methods in programming teach-
ing, such as learning by doing and learning by examples,
problem-based learning, active learning and demonstrations,
collaborative learning, peer instruction and pair program-
ming, however, the application results of these methods
are not yet conclusive [22]. The study has reported on the
application of specific teaching methods in programming
courses and made many interesting changes, including adding
positive exercises, demonstrating how code features work,
arranging small programming homework exercises and large
programming projects, and other opportunities to develop stu-
dents’ valid thinking models. Like many institutions, in fact,
some of these activities seem to do as much harm as help,
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and the dropout rate of programming courses is still high and
students’ performance is poor [23].

Therefore, the selection of programming teaching methods
is important and challenged for teachers [24]. Current pro-
gramming teaching methods should be rethought, and teach-
ers are encouraged to provide students with programming
learning experience that more closely matches their expecta-
tions. It is necessary to optimize and adjust teaching methods
to improve students’ problem-solving ability, which is one of
the most necessary skills for them to learn programming [25].

B. RECORDING TEACHER-STUDENT INTERACTION AND
FEEDBACK IN REAL TIME

The way to provide teacher-student interaction and feedback
is a decisive factor that affects students’ learning enthusi-
asm [26]. This kind of feedback is not only judgment, but
also to get student’s learning status, and utilize the feedback to
improve teaching and learning [27]. In addition to its inherent
complexity, the feedback process is also affected by factors
such as time, number of students, and course format. Some
study has shown that there are too many students in a class and
lack of harmonious communication between students leads to
failure of teacher-student communication and feedback [28].
Good programming teaching should focus on students’ learn-
ing process and effective communication between teacher
and students. How to record teacher-student interactions and
give timely and appropriate feedback is another challenge in
programming teaching.

C. KEEPING STUDENTS’ MOTIVATION, ENGAGEMENT AND
PERSISTENCE

In teaching programming courses, it is fundamental to main-
tain students’ enthusiasm, participation and persistence in
learning [27]. However, actual situation is that teachers can-
not grasp the changes in learning status and abilities of
each student, and programming problems encountered by stu-
dents cannot be discovered and resolved by teachers in time.
Because teaching and learning cannot be synchronized and
matched, teachers cannot give differentiated and personalized
guidance and help. Over time, students find it difficult to
learn programming courses, which will affect their learning
mood and enthusiasm. Teachers should become the motivator
for students to learn programming, not just the provider of
programming knowledge [28], which is also a challenge for
teachers in programming teaching

D. EVALUATING LEARNING EFFECTS OF PROGRAMMING
COURSE COMPREHENSIVELY

In programming teaching, teachers always strive to develop
students’ problem-solving ability. However, due to the dif-
ferences in students’ knowledge level, Computational Think-
ing and learning style, it is difficult for teachers to find an
evaluation method suitable for each student. If only program-
ming exams are used to evaluate learning effects of pro-
gramming course, this just reflects the achievement degree of
cognitive and application goals of programming knowledge,
while ignoring to evaluate students’ learning programming
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process and programming ability development. How to eval-
uate learning effects in multiple dimensions is a big challenge
in programming teaching evaluation at present.

IIl. REALIZATION CONDITIONS OF PRECISION TEACHING
CLASSROOM FOR UNIVERSITY PROGRAMMING COURSES
A. PRECISION TEACHING THEORY

Precision Teaching is a teaching method proposed by Lind-
sley in the 1960s based on Skinner’s behavioral learning
theory [14]. Precision teaching was first used in children’s
rehabilitation centers in special education, and then gradually
used to improve students’ basic skills [29]. In the early 1970s,
precision teaching was applied in primary school classrooms,
mainly through the study of primary school students’ learning
performance to make data decision [30]. Precision teaching is
also essentially a teaching method to monitor students’ acqui-
sition of basic educational skills. By recording and measuring
students’ learning data to monitor students’ learning process
and learning results, teachers adjust teaching decisions and
implement interventions according to feedback information
to ensure students’ best learning performance [31]. In recent
decades, precision teaching has been applied in teaching
in many countries, and the research results in the field of
precision teaching have gradually developed into a refer-
ence framework for evaluating the effectiveness of teach-
ing methods in other disciplines and teaching stages [32].
Precision teaching can stimulate students’ learning motiva-
tion, make them more engaged in learning, improve their
academic performance [33], [34], and become an effec-
tive way to strengthen students’ acquisition of professional
skills [35], [36].

B. TEACHING SUPPORTING ENVIRONMENT

It is argued that the following three teaching environment are
supportive conditions for construction of precision teaching
classroom for university programming courses: offline teach-
ing classroom based on smart teaching tools, online teaching
platform supporting mobile ubiquitous learning, and pro-
gramming practice environment with automatic assessment,
see Figure 1.
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FIGURE 1. Teaching supporting environment of precision teaching

classroom for university programming courses.

Offline teaching is “main battlefield” of programming
teaching. Smart teaching tools can automatically record
teacher-student interactions, such as student attendance,
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class-room tests, group discussions, etc., so as to help teacher
to analyze students’ classroom participation and learning
performance in offline teaching classroom.

Online teaching is an important way to expand teach-
ing space of programming courses, which allows teacher to
upload programming learning resources, assign autonomous
learning tasks on the online platform and students to learn
programming any-time and anywhere. This platform can
automatically record such data as login frequency, learning
time, and number of tasks completed, etc., thus facilitating
teacher to analyze learning attitude and learning autonomy
of students in programming learning process.

Online Judge (OJ) is designed for reliable evaluation of
codes submitted by users [37], which is chosen as program-
ming practice environment for precision teaching. OJ features
real-time recording and automatically assessment of pro-
gramming process and programming assignments, including
platform login time, code submission times, code accuracy
rate, code error types and code scores. Teacher can verify the
correctness of solutions submitted by students with higher
accuracy and shorter evaluation time, and students receive
almost instant feedback as to whether their codes are cor-
rect. The programming practice environment based on OJ
can provide sufficient data support for teacher to understand
engagement degree of students in programming learning.

IV. PROCESS OF PRECISION TEACHING FOR UNIVERSITY
PROGRAMMING COURSES

This study proposes that teaching process of precision teach-
ing classroom for university programming courses consists
of three phases, namely, preparation phase driven by student
data, implementation phase driven by learning process data
and evaluation phase driven by multivariate evaluation data.
There are five teaching links in this teaching process: precise
student analysis, precision teaching design, precision teach-
ing activities, precision teaching decisions and interventions,
and precision teaching evaluation, as illustrated in Figure 2.

3.Evaluation Phase Driven by
Multivariate Evaluation Data
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Course Examination Scores {
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FIGURE 2. Process of precision teaching classroom for university
programming courses.

A. PREPARATION PHASE DRIVEN BY STUDENT DATA
Precision teaching preparation phase involves two teach-
ing links of precise student analysis and precision teaching
design.
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1) PRECISE STUDENT ANALYSIS

R.M. Gagne, an expert in teaching design, put forward the
statement of Learner’s Characters in his book Principles
of Teaching Design. He believed that learner’s charac-
teristics include cognition and metacognition, motivation
and emotion, development and sociality, and individual
differences [38]. Student analysis is an analysis of all
students’ situations in a broad sense, and an analysis of
students’ learning in a narrow sense. Professor Smith pro-
posed the concept of Analyze Learners, believing that
student analysis was to analyze the similarities, differ-
ences, stability and variability of learners in four dimen-
sions of cognition, physiology, emotion and society [39].
As for the function of student analysis, different researchers
have different introductions. Generally speaking, there are
three views: improving teaching [40], [41], promoting stu-
dents’ learning [42], and promoting teachers’ professional
development [43].

A comprehensive understanding of students’ basic charac-
teristic and learning style is quite necessary before program-
ming teaching, which is conducive to formulating precise
teaching objectives, selecting appropriate teaching contents
and designing meticulous teaching activities in the link of
precision teaching design. Precise student analysis proposed
in this paper refers to multi-dimensional, fine-grained and
accurate analysis of students’ basic learning situation. Pre-
cise student analysis in precision teaching preparation phase
makes a detailed and comprehensive analysis of the charac-
teristics of students’ demographic attributes, learning styles,
academic achievements of previous courses and professional
qualities from four dimensions. The purpose of the analy-
sis is to help teachers quickly understand the characteris-
tics of students before teaching activities. Precision student
analysis proposed in this paper is different from other student
analysis of learning situation, that is, it not only includes
the analysis of students’ basic attributes and learning style
characteristics, but also includes the analysis of students’ pro-
fessional quality and previous learning achievements, which
is particularly important and helpful for teachers to facilitate
the comparison of students’ programming ability improve-
ment after precise programming teaching.

This paper analyzes the data in the preparation stage to
build a student profile model to accurately describe stu-
dents’ learning situation. Data of preparation phase derive
mainly from personal information, learning style, academic
performance of students, and so on. Based on these data,
this study builds student profile model (SPM, see Figure 3)
in four dimensions: personal characteristics, learning style,
previous academic performance and level of Computational
Thinking. SPM is very helpful for teacher to quickly under-
stand basic information of students and obtain their learning
style characteristics and academic performance in previous
courses. This provides the basis for the accurate student
grouping.
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FIGURE 3. Student profile model (SPM) for precise student analysis.

2) PRECISION TEACHING DESIGN

Course information is combined with course knowledge map
to establish mapping binary relationship between SPM and
course contents, thus further refining the knowledge and abil-
ity objectives of programming course. Afterward, according
to the set teaching objectives, highly matched teaching con-
tents and teaching resources are selected to develop a detailed
teaching calendar. Based on the differences in characteristics
of SPM, homogenized grouping and heterogeneous grouping
are conducted to design common and differentiated teaching
activities as well as supporting teaching activities including
classroom tests, group discussion, programming exercises,
collaborative programming tasks and so on.

Precise student analysis and precision teaching design are
driven by the data collected in teaching preparation phase.
Its “precision” is embodied in the high matching level of
teaching objectives with individual characteristics, learning
style and learning needs of students and in the detailed and
quantifiable descriptions of knowledge and skill objectives
for programming courses. All these provide sufficient data
evidence and an implementation basis for designing precision
teaching activities.

B. IMPLEMENTATION PHASE DRIVEN BY LEARNING
PROCESS DATA

Precision teaching implementation phase involves two teach-
ing links, namely carrying out precision teaching activities,
adjusting teaching decisions and implementing precise teach-
ing interventions.

1) PRECISION TEACHING ACTIVITIES

According to the supporting conditions of precision program-
ming teaching, precision teaching activities in this research
mainly occur in three teaching scenarios of ““offline class-
room teaching based on smart teaching tools”, ‘“‘online
autonomous learning based on mobile ubiquitous learning
platforms”, and ‘“‘programming practice based on online
judge platforms”.

Specifically, the first teaching scenario refers that teacher
imparts programming knowledge face-to-face in classroom
and use smart teaching tools to conduct teaching activities
including automatic classroom sign-in, real-time classroom
tests and group discussion. The second teaching scenario
means that teacher carries out teaching activities such as
publishing course resources, pre-class learning tasks and
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course-themed discussions on online learning platforms. The
third teaching scenario is that teacher assigns programming
practice tasks on OJ, where students log in to submit program
source codes. Then OJ evaluates the submitted source codes
based on test data designed by teacher in advance to verify
the correctness and offers real-time error feedback on the
submitted code.

Programming learning process data are from these three
scenarios of precision teaching activities. The data generated
in the first teaching scenario is recorded by smart teaching
tools, such as classroom attendance, correct rate of tests, test
rankings, times of classroom interaction and mutual evalua-
tion in group learning, and so on. The data generated in the
second teaching scenario is autonomous learning behavior
data of students automatically recorded by online learning
platforms, including login times, learning time and discus-
sion times. The data generated in the third teaching scenario
is progress data and result data of programming practice
recorded on OJ, such as code submission times, error types,
number of completed programming assignments, and correct
rate of programming codes and rankings of programming
exercise score.

Programming learning profile model (PLPM) is con-
structed through analysis of these data, as shown in Figure 4.
PLPM provides teacher with real-time and visual presen-
tation of students’ learning attitude, learning engagement
and learning performance in learning programming. And this
profile helps teacher to adjust teaching decisions in due time,
and precisely identify learning status and potential prob-
lems of individual students, thus taking targeted intervention
measures.

Programming Learning Profile Model
(PLPM)

Programming Learning Attitude Programming Leamning Engagement Programming Learning Performance

(cias
class

FIGURE 4. Programming learning profile model (PLPM).

2) PRECISION TEACHING DECISION-MAKING AND
TEACHING INTERVENTIONS

Data-driven teaching decision-making ability refers to the
comprehensive ability of teacher to systematically collect,
process and analyze data from multiple sources, and use
these data as evidence to intervene in the learning process
and optimize students’ learning effectiveness [44]. Teaching
decision-making ability based on data is the core component
of teachers’ data literacy. Many countries have evaluated the
level of Data-driven teaching decision-making in the evalu-
ation practice of teachers’ data literacy. For example, Dutch
Ministry of Education takes teachers’ Data-driven decision-
making ability as the main content of evaluating teachers’
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data literacy [45]. Australia regards teachers’ Data-driven
teaching decision-making ability as one of the core knowl-
edge and skills of their performance assessment [46].

Teaching decision-making referred to here are decisions
made during the teaching implementation process and inter-
action stage based on teaching data. The problem of empirical
teaching decision-making is lack of decision-making power
to accurately judge the teaching process, and it is easy to
fall into common sense misunderstandings. PLPM proposed
in this paper depicts students’ learning behavior, learning
attitude and learning performance in the process of learning
programming, so that teacher can timely pay attention to stu-
dents’ learning needs and learning status at different learning
stages.

According to the data service provided by PLPM, it pro-
vides support for teacher to adjust teaching decisions in a
timely manner, for example, adjust the teaching progress,
the difficulty of teaching content and collaborative learning
methods, etc. At the same time, based on PLPM, teacher
can find groups of students with different learning attitudes
and different learning investment, especially for students who
are not active enough and not engaged enough, teacher will
take corresponding teaching intervention measures in a tar-
geted manner, and give these students personalized learning
guidance to help them gain confidence in their learning and
encourage them to stay motivated to study hard on program-
ming courses.

C. EVALUATION PHASE DRIVEN BY MULTIVARIATE
EVALUATION DATA

Precision teaching evaluation phase targets to evaluate learn-
ing attitudes, classroom participation, programming practice
engagement, and learning outcomes of students through-
out the whole programming teaching process. Learning atti-
tudes are to evaluate students’ subjective emotions and their
intentions to continuously learn programming. Classroom
participation is to evaluate students’ subjective initiative of
participating in classroom programming teaching activities.
Programming practice engagement is to evaluate students’
time investment and task completion on OJ during their
programming practice. Learning outcomes are to evaluate
the abilities of students to solve programming problems
with relevant programming knowledge, algorithms, tools, and
methods.

To sum up, no matter at which stage, timely summary
and reflection are an important driving force to promote
the effective operation of precision teaching of program-
ming courses. Teaching design is based on student analy-
sis, and programming teaching activities are carried out in
an orderly manner based on the teaching design. The real-
time feedback of classroom teaching, online autonomous
learning and programming practice links prompts teacher to
adjust teaching strategies in a timely manner, and accurately
intervene in the individual programming learning process of
students.
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V. PRECISION TEACHING PRACTICE OF C LANGUAGE
PROGRAMMING COURSE

A. TEACHING CALENDAR

According to the precise teaching process of university pro-
gramming courses proposed in Part IV, teaching calendar of
C Language Programming course is shown in Table 1.

TABLE 1. Teaching calendar of C language programming course.

Teaching . . .
Teaching Theme Precision Teaching Arrangement
Weeks
1.Build up student profile
one week X .
2.Set teaching contents and learning goals
before class - i i L
3.Design teaching activities based on
starts
student profile
Basic
week 1 to
Knowledge of C
week 4
Language
. 1.Build up programming learning profile.
week 5 to Basic Structure P prog . s . e p' .
. 2.Implement Precision teaching activities.
week 8 of Programing . . . R
3.Precision teaching intervention (class
week 9 to . . .
Array overall intervention, learning  group
week 10 . . [
intervention and  student  individual
week 11 to Function and . .
intervention).
week 14 Pointer
week 15 to
Structure
week 16
two weeks L
1.Course examination
after the - . i .
2.Precision teaching evaluation
course

Teaching week of C Language Programming Course is
16 weeks, with three hours per week. Before the course
started, teacher obtained students’ basic information from
educational administration system, student management sys-
tem, etc., including student number of class, proportion of
boys and girls, students’ previous academic performance and
other data. Based on student profile model (SPM) constructed
in Figure 3, student profile will be created and be used in set-
ting learning goals, establishing study groups and designing
differentiated teaching activities.

Teaching theme of this course includes five modules,
namely, basic knowledge of C language (week 1 to week 4),
basic structure of programing (week 5 to week 8), array
(week 9 to week 10), function and pointer (week 11 to
week 14), and structure (week 15 to week 16). In the teaching
process of these five learning topics, student programming
learning profiles were generated based on SPM (refer to
Figure 3). As students’ learning attitude, learning behav-
ior and learning performance at each learning stage were
dynamic, these learning profiles were updated constantly, and
this effectively helped teachers to adjust teaching strategies
and implement teaching intervention in a timely manner.

Teaching interventions were tailored to the individual dif-
ferences and learning characteristics of students in the learn-
ing process, guiding them to improve their learning methods,
encouraging them to increase their learning confidence,
and providing targeted guidance and assistance to facilitate
the continuous optimization of their subsequent learning
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behavior. Precision teaching intervention mentioned in this
paper is a targeted “one to many” or ‘“‘one to one” inter-
vention measures taken by the teacher according to learning
emotions and learning behavior characteristics of individual
students and class groups in the learning process, and to
help students adjust their learning strategies and promote
personalized learning.

The types of precision teaching intervention include class
overall intervention, learning group intervention and student
individual intervention. According to the students’ learning
behavior and learning performance reflected in the learning
profile at this stage, class overall intervention usually took
place in the unit tests at the end of a certain teaching theme,
such as explanation of core knowledge points and test ques-
tions with high error rate, etc. In the teaching process, teacher
carried out group learning intervention on students with same
or similar learning style, learning performance and learning
behavior characteristics. For example, for students with good
learning attitude and sufficient learning input, teacher appro-
priately increased the amount and difficulty of homework.
Teacher would adjust teaching strategies of students with
poor learning performance, such as last ten in the class,
to reduce the difficulty of course assignments. Teacher also
accurately analyzed students’ learning performance based on
their programming learning profile, found their learning char-
acteristics at the current stage, so that teacher gave timely and
point-to-point intervention and guidance. About two weeks
after the end of the course, students of the same grade who
study the same course had a unified final exam and a course
teaching evaluation.

B. PARTICIPANTS

This research conducted precision teaching practice of C Lan-
guage Programming course among first-year undergraduate
students majoring in computer science and technology in a
Chinese university from September 2020 to January 2021.
In this teaching practice, the first author served as the
teacher of C Language Programming course for two classes
(A and B) at the same time. This study selected class A
(48 people) as experimental class and adopted proposed
precision teaching classroom for C Language Programming
course’s teaching. Class B (55 people) was control class,
which adopted ordinary teaching method for this course.
Finally, teaching effects of the experimental class and the
control class are analyzed and compared in detail.

C. SUPPORTING ENVIRONMENT OF PRECISION
TEACHING CLASSROOM FOR C LANGUAGE
PROGRAMMING COURSE
This research selected ‘“Teachermate”, ‘“Xuexitong” and
“Programming Teaching Assistance (PTA)” as supporting
environment of precision teaching classroom for C Language
Programming course.

Teachermate is a smart teaching tool supporting classroom
teaching, which has been widely used in Chinese university
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teaching because of its strong classroom interactivity [47].
It can automatically record data of teacher-student classroom
interaction such as attendance data, group discussions data,
and classroom tests data. In addition, Teachermate can count
number of each student’s participation in classroom interac-
tions, and the score and class rankings of each quiz. Teacher-
mate provides data basis for evaluating students’ learning
attitudes and classroom participation.

Xuexitong is widely used in online teaching in Chinese
universities. It is based on micro-service architecture, which
integrates course learning, knowledge dissemination, and
knowledge sharing [48]. It not only allows teachers to release
learning resources, learning tasks, course discussions, and
other online learning tasks but also automatically records
online autonomous learning behavior data of students. Xuexi-
tong offer data evidence for analyzing students’ learning
attitudes.

PTA is an auxiliary teaching platform for programming
experiments, which supporting online automatic judgment
of codes [49]. It can record process data of programming
practice, such as login times, code submission times, correct
submission times, error types, and correct rate of submitted
codes. These data provide data supports for evaluating stu-
dents’ programming practice engagement and programming
learning outcomes in C Language Programming course.

D. PRACTICE PROCESS OF PRECISION TEACHING
CLASSROOM FOR C LANGUAGE PROGRAMMING

COURSE

This section illustrates specific practice process in
C Language Programming course according to precision
teaching classroom for programming course proposed in this
re-search.

1) PRECISE STUDENT ANALYSIS

In the first class of C Language Programming course, with
students’ consent, they were asked to fill in basic information
form and learning style scale. The basic information form
collected such main data as student ID, gender, age, ethnicity,
academic performance, and academic performance rankings
of students.

This study took Kolb learning style scale to collect stu-
dents’ learning style data. Kolb model theory is the detection
of different combinations of learners in the four-step exper-
imental learning process, which is closer to formal learning
process with certain learning goals [50]. Kolb scale in this
study contained 12 test questions, and adopted a five-point
Likert scale from 1 (least like me) to 5 (most like me). Then,
based on the results of this scale, learning style of Class A
were divided the into four types: diverging, assimilating,
converging, and accommodating. The results of learning style
classification were helpful for teacher to build heterogeneous
learning groups in programming teaching activities.

In this study, student profiles of Class A were established
based on collected student information. Take student DQ as
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an example, her profile is shown in Figure 5. It can be seen
from DQ’s profile that her previous academic performance
was good, ranking about 12th in the class. DQ’s learning
style was diverging, and she was characterized by concrete
experience and reflective observation in learning. People with
this learning style are good at observing specific situations
from multiple angles, like group activities, and per-form well
in learning activities such as “brainstorming”. Therefore,
DQ was selected as a group leader in group studying and
led group members to complete collaborative programming
tasks.

Student Profile(DQ)

Personal Characteristic Previous Academic Level of Learning Style

Learning Diverging
Style Type
Level | Master

StudentID | 2020408

Average Score | 823

Name DO

Class Ranking | 18

Gender Female
Class Level Good

Age 19

Major Computer Science

Class. A

Receptive to Feedback

Active Thinking

Be Imaginative

Hard to Decide

FIGURE 5. Student profile of DQ.

2) PRECISION TEACHING DESIGN

Take teaching theme of “One-Dimensional Array”’ in C Lan-
guage Programming course as an example to illustrate how to
set precision teaching objectives. In ordinary programming
teaching, learning objective of this theme is “‘being able to
define and use One-Dimensional Arrays proficiently”’. But
this objective not details enough for a quantitative analy-
sis of how it is achieved and evaluated. In precision pro-
gramming teaching, learning objectives of One-Dimensional
Array thoroughly are quantitatively described and explained
from the perspectives of knowledge and skills. Therefore,
learning objectives of One-Dimensional Array teaching topic
are redefined as three sub-objectives: 1) Learning Outcome
1, being able to define One-Dimensional Array of int type,
float type and char type; 2) Learning Outcome 2, being able
to use “for-loop”, “while-loop”, and ‘“‘do-while loop™ to
access these three types of arrays, and 3) Learning Outcome
3, being able to use One-Dimensional Array to solve practical
problems.

According to Bloom’s Taxonomy [51], LO1 is at “Remem-
ber and Understand” level, that is, students are able to define
One-Dimensional Array of three data types. LO2 is in “Apply
“level, that is, students are able to use loop structure to access
One-Dimensional Array, such as initialize and output the
elements of One-Dimensional Array. LO3 is in “Analyze”
level, that means students can use One-Dimensional Arrays
and loop structure to design algorithm and write codes to
solve practical problems like sorting and searching.
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3) PRECISION TEACHING ACTIVITIES

The process of precision teaching activities is first to conduct
a pre-class test of prior knowledge before a new class, and
determine whether to start new teaching theme according
to students’ performance. Then, teacher began to explain
the programming knowledge, demonstrate programming pro-
cess, and assign programming practice tasks, see Figure 6 for
details.

Start Precision Programming
Teaching Activities

” & Demonstrate Assign online learning Classroom tests on
Ripiek ow Jiomedne programming process H and discussion tasks Teachermate

ISet up programming
on study

groups

FIGURE 6. The process of precision programming teaching activities.

This part still takes teaching theme of *“‘One-Dimensional
Array” of C Language Programming course as an example.
Before the new lesson, students should be tested on Teacher-
mate about grammar knowledge and loop structure learned
previously. Teachermate could automatically calculate cor-
rect rate for each question, which helped teacher to judge the
extent to which students grasp previously learned knowledge.
If the correct rate was lower than 75%, teacher could not
start teaching new lesson immediately, and need to review the
prior knowledge points, explain test questions, and conducted
the pre-class test again until more than 75% of the students
passed the tests. Teacher identified that students had mastered
prior knowledge to learn the new lesson, and then started new
teaching contents.

Teacher explained key knowledge of ‘“One-Dimensional
Array” and demonstrated programming process targeting
all students, also arranged online autonomous learning and
discussion tasks on Xuexitong, and then assigned classroom
tests on Teachrmate. Students were required to complete
these tasks within the given time. Teacher checked the scores
of students and their rankings in real time on Teacher-
mate. Table 2 list the correct rate of one classroom test of
“One-Dimensional Array definition™.

Table 2 shows that Class A obtained correct rate of
over 90% in the test of defining three data types of One-
Dimensional Array, which revealed that students adequately
grasped the definition methods of One-Dimensional Array.
Moreover, about 25% of the students failed to correctly
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TABLE 2. Correct rate of classroom test of “one-dimensional array
definition.”

Definition Definition Definition Input and Ranking of
of One- Output
of One- of One- . ) One-
. . . . Dimensiona One- . .
Dimensiona  Dimensiona . . Dimensiona
1 Character ~ Dimensiona
1 Integer 1 Float 1 Array
Arra Arra Array 1 Array by Elements
Y y Using Loop
94.8% 92.3% 90.6% 73.4% 63.7%

answer the questions about using a loop structure to input
and output One-Dimensional Array, suggesting that these stu-
dents did not master the method of inputting and outputting
One-Dimensional Array elements, so the teacher need to
explain and demonstrate the solution of this problem again.
Regarding the question of ranking the elements of One-
Dimensional Array, only 63.7% of the students submitted
correct answers, which indicated that one-third of the students
in Class A had poor analytical and design skills to solve
practical problems with One-Dimensional Array. There-fore,
teacher had to explain the programming method of this ques-
tion and increased the relevant exercises in programming
practice.

First step of teaching activities of programming was to
set up a heterogeneous programming study group. Teacher
divided classroom test results into five levels: excellent
(90 points or more), good (80-90 points), medium
(70-80 points), poor (60-70 points), and failed (below
60 points). Class A was composed of 48 students, who
were classified into 10 programming collaboration groups
according to their classroom test results and student profiles.
Teacher selected one student from each level to form a
programming collaboration study group, and ensured that
there were students with different learning styles in each
group. The student with excellent test performance served
as the leader of every group to take charge of allocating
learning tasks, organizing group discussions and reporting
group learning outcomes. Members of every group conducted
collaborative programming learning and group discussions
under the leadership of group leader.

Then, teacher assigned personal programming exercises
and group collaborative programming exercises on PTA.
Teacher required students to complete the personal pro-
gramming exercises independently, and group collaborative
programming exercises could be completed collaboratively
in study group. If group member’s personal programming
exercise tasks failed, problems would be solved with the
assistance of this group leader. As for collaborative pro-
gramming exercises, every group leader led the group mem-
bers to discuss and jointly designed solutions. After the
tasks were all completed, each group selected a represen-
tative to show the completing process to the teacher, who
then provided each group with explanations for different
programming problems encountered as well as individual
guidance.
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E. PRECISION TEACHING DECISION ADJUSTMENT AND
TEACHING INTERVENTION

1) ADJUST TEACHING STRATEGIES

During the process of precision programming teaching
activities, teacher would adjust teaching contents, teaching
progress and study grouping based on programming lear-
ning profile of Class A. Taking the data in one-dimensional
array teaching activities as an example, data contents and data

quantification method as shown in Table 3.

TABLE 3. Learning process data contents and data quantification.

Data Category

Programming
Learning Attitude
Data

Programming
Learning
Engagement Data

Programming
Learning
Performance Data

Data Contents

Classroom learning
attitude

Online learning
attitude

Programming practice
attitude

Participating in
classroom teacher-
student interaction

Online learning
duration
Completion rate of
online learning tasks

Login times of PTA
Programming code
submission times
Programming task
completion rate
Classroom test scores
Learning unit test
scores

Programming
homework scores
Midterm examination
scores

Final examination
scores

Data Quantification
Method

1 indicates normal
check-in, 0.5 indicates
late, 0.2 indicates
leave, and 0 indicates
absent

1 means completing
learning tasks on time,
0.5 means partially
completing learning
tasks and 0 means not
completing the
learning tasks

1 means completing
programming tasks on
time, 0.5 means
partially completing
programming tasks
and 0 means not
completing
programming tasks
1.2 means actively
answering questions
and correct, 1 means
actively answering
questions, and 0
means not
participating in the
interaction

Obtain the
corresponding value
according to the
completion rate of
online learning tasks
Obtain the
corresponding value
according to the
completion rate of
programming tasks

Assign value
according to actual
score of the tests and
exams

Assign value
according to class
rankings

This study made descriptive analysis of quantified learning
attitude data and learning engagement data, and the results
are shown in Table 4 and Table 5. The results showed that the
distribution of learning attitude data and learning engagement
data was reasonable, and cluster analysis could be carried out.
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TABLE 4. Descriptive analysis of learning attitude data.

Sample  Min Max Mean  Standard Median Standard
Size Value Value Value  Deviation eda Error
48 0 1 0.593 0.196 0.626 0.028
TABLE 5. Descriptive analysis of learning engagement data.
Sample  Min Max Mean  Standard . Standard
. L. Median
Size Value Value Value  Deviation Error
48 0 1 0.589 0.209 0.611 0.03

After the above data were quantified and normalized,
this study conducted cluster analysis on students’ learn-
ing attitude and learning engagement in SPSS 25, and
obtained four types of learning attitude groups (“‘Initiative
Learner”, “Active Learner”, ‘Passive Learner”, ‘Averse
Learner”’) and four types of learning engagement groups
(““very devoted™, “‘comparative engagement”’, “less engage-
ment” and “insufficient engagement’”). Then counted the test
scores and class ranking obtained by students in the learning
process of One-Dimensional Array teaching theme, and gen-
erated DQ’s learning profile (Figure 7) by using PowerBI.

Basic Information Lcarning Aftitude || Learning Engagement |  Level of Computational
Student ID Name Gender Major  Class | Leaming Attitude || Learning Lhinking
_ = L2 > Level of C: 1
2020A08 DQ Temale Computer A Initiative Learner very devoted Thinking
Science -
Master
Learning Style
Learning Style Learning Style Advantages of Learning ~ Shortcoming of Learning Style  Learner characteristics
Type Tendency Style
Diverging  "Specific Experience” Interested in people and  Active thinking and Good The typical question for
and "Reflective Willing to listen others  communication learners is "why";
Observation"
Learning Performance
Previous Previous Academic  Previous Academic  Current Current Academic  Current Academic
Academic Performance Level  Performance Ranking Academic Performance Level Performance Ranking
Performance Performance
823 Good 18 90.1 Good 3

FIGURE 7. Learning profile of DQ.

The individual profile of students showed the learning
characteristics of each student in current teaching process in
the form of short text labels. Teachers can clearly see each
student’s learning attitude, learning engagement and learning
performance, especially the changes of students’ academic
performance, so as to provide intuitive data evidence for
teachers to adjust teaching strategies.

In DQ’s learning profile, it was obvious that her academic
performance had improved a lot. It was found that DQ was
outstanding in learning attitude and she was an initiative
learner, and DQ also had a high degree of engagement in
learning programming. From a comprehensive point of view,
the reason why DQ achieved great achievements and progress
was largely due to her proactive learning attitude and serious
learning engagement. This was also confirmed in the face-
to-face communication with DQ. She said that ‘““she likes
learning C language programming very much. When the code
she wrote run smoothly and got the correct results, it makes
her feel a great sense of achievement”. Based on DQ’s learn-
ing profile, teachers’ programming teaching guidance and
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strategies for DQ and learning group where DQ belongs can
be changed accordingly.

Programming learning profile of class A after learning one-
dimensional array is shown in Figure 8.

Student ID Learning style  Professionalism Previous  Previous Academic Previous Academic Current Current Academic Current Academic
Academic  Performance  Performance Level Academic Performance Performance Level
Performance Ranking Performance  Ranking

2020401 Converging Beginner 63.43 41 Poor 59.07 45 Failed
202002 Converging Primary 8286 13 Good 7251 30 Medium
2020403 Assimilating Master .71 28 Medium 81.86 10 Good
2020404 Assimilating Beginner 91.97 2 Execlent 7055 34 Medium
2020405 Converging Tntermediate 82.15 14 Good 90.04 2 Execlent
2020406 Assimilating Master 77 20 Medium 8218 8 Good
2020407 Assimilating Intermediate 229 47 Failed 65.11 39 Poor
2020408 Diverging Master 75.40 24 Medium .14 31 Medium
2020409 Converging Primary 80.00 18 Medium 77.42 20 Medium
2020410 Assimilating Beginner 91.86 3 Execlent 7156 32 Medium
2020A11 Diverging Beginner 76.37 22 Medium 7477 24 Medium
2020A12 Diverging Master 75.00 25 Medium 7315 28 Medium
2020413 Assimilating Primary 8457 8 Good 62.47 43 Poor
202014 Converging Intermediate 76.00 23 Medium 83.89 6 Good
2020415 Converging Intermediate 7443 26 Medium 73.31 27 Medium
2020416 Converging Primary 69.29 36 Poor 8187 9 Good
2020A17 Converging Beginner 7124 32 Medium 7428 26 Medium
2020A18 Converging Beginner 92.57 1 Execlent 85.08 4 Good
2020419 Assimilating Primary 7256 29 Medium 67.70 37 Poor
2020420 Assimilating Intermediate 66.00 38 Poor 80.99 13 Good

Student Number(same Iearning attitnae) Studen
insuttc

Cr(same learning engagement) Student Number(same learning sty10)
«

Passive Learer Active Learner.

14(29.17%) _ L 18 (37.5%) .
Initiative Learner e
15 (31.25%)

comparative engage.

‘-‘r @520

)

Assimilating
{15 (37.5%)

Diverging
11(2292%)
Converging
17@540)

@ Previous Academic Performance Ranking @ Current Academic Performance Ranking —s- Current Academic Performance

0

formance and current academic performance

FIGURE 8. Programming learning profile of Class A.

From the perspective of the ‘““learning attitude” dimension
of the learning profile, 37.5% of the students in this class
had active learning attitude towards C language programming
course, and 31.25% of the students were initiative towards
learning, which showed that nearly 70% of the students
in class 2020A can actively and actively treat the course
learning. However, it also can be seen that 29.17% of the
students had passive learning attitude, which showed that
nearly one-third of the students in class 2020A were relatively
passive in their learning at the current stage. This meant that
these students only completed learning tasks arranged by
teacher according to the requirements and did not actively
participate in the teaching activities, which was particularly
obvious in the classroom teaching activities. This was a strong
signal for the teacher. Students’ learning enthusiasm to par-
ticipate in classroom teaching activities was not very high.
Was it because classroom tests were too difficult? Was the
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distribution of study group members unreasonable? Accord-
ing to the students’ learning performance reflected in the
learning profile of Class A, the teacher adjusted the difficulty
of classroom tests and the members of the learning group
accordingly. Since the next new teaching topic was “‘two-
dimensional array”, it was more difficult to learn on the
basis of ~one-dimensional array”. Therefore, when starting
a new teaching theme, teacher must to redesign teaching
activities, especially set more uniform test questions with
different difficulty levels.

C Language Programming course requires a lot of effort
in in daily homework and online programming practice.
From the perspective of ’learning engagement” dimension
of learning profile, 22.92% of the students in class A were
very engaged in learning, 35.42% were relatively engaged
and 31.25% were generally engaged in learning. This was
a good hint for teacher that about 90% of the students in
Class A can invest time and energy in programming learning
and practice. However, it also found that students who did
not devote enough in learning had shown a certain degree
of boredom towards learning. Psychological non-acceptance
must lead to behavioral negativity. Therefore, teacher should
pay timely attention to the “insufficient engagement” student
groups, especially the students who had shown a negative
learning attitude. If the proportion of this part was increasing,
it meant that current teaching content and teaching difficulty
gave certain pressure and burden on students, which would
reduce enthusiasm for learning programming. At this time,
teachers should re-examine the current teaching strategies
and arrangements, whether they were in line with the current
learning status of students, and adjusted the teaching plans
and teaching content in time.

From the ‘“learning performance” dimension of learning
profile, teacher can find more hidden details in teaching.
It was difficult for students who learned programming for
the first time to master programming methods. Therefore,
there would be students with good academic performance, but
poor performance in learning programming courses. Many
studies on programming learning have shown that poor pro-
gramming performance can easily lead to students losing
learning confidence and giving up learning. Teacher needs
to pay special attention to such students and gave timely
guidance and help. For example, in group collaborative pro-
gramming learning, according to the display results of cur-
rent academic performance, teachers observed the changes
of learning performance of students in each group in real
time. Specifically, if the learning group achieved relatively
good results (such as “‘excellent level””) in quizzes, tests and
programming exercises as a whole and generally reflected
that they had not encountered too many difficulties in master-
ing programming knowledge and completing programming
tasks, teacher would assign more self-directed learning tasks
on Xuexitong and separate exercises with upgraded difficulty
to this group. However, if the group members achieved not so
good results (such as “poor level”) in classroom tests and
programming exercises and had no high enthusiasm and felt
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depressed in learning programming, which indicated that the
learning tasks assigned by the teacher were difficult for these
students, teacher would give special guidance to them on the
assigned exercises instead of assigning other learning tasks.

2) PRECISION TEACHING INTERVENTION

Taking teaching scene of students practicing programming
on PTA as an example, this section shows how to conduct
teaching interventions in the precision teaching class-room
of C Language Programming course. Student DQ’s program-
ming exercises data of “One-Dimensional Array’” on PTA are
in Table 6.

TABLE 6. Programming exercises data of student DQ on PTA.

Contents of
Programming
Exercises
Definition of
One-
Dimensional
Array
Initialization
of One-
Dimensional
Array
Ranking of
One-
Dimensional LO2 6 Fail  56.1% 19/48

Array
Elements
Solving
Sequence
summation
problem by LO3 8 Pass  63.7% 22/48
Using One-
Dimensional
Array
Solving
Factorial
Problem by
Using One-
Dimensional
Array

Corresponding ~ Number of
Learning Code
Objectives Submission

Pass  Correct Class
/Fail Rate  Ranking

LO1 2 Pass  88.2% 5/48

LO2 3 Pass  89.4% 12/48

LO3 10 Fail ~ 50.8% 38/48

As can be seen in Table 6, student DQ passed program-
ming exercises of “Definition of One-Dimensional Array
“with less code submission times, indicating that she had
adequately mastered definition method of One-Dimensional
Array. However, more code submission times and lower pass
rate in design exercises (such as the solution of factorials)
reflected that student DQ had insufficient problem decompo-
sition ability and algorithm designing skill. Besides, although
Student DQ finally passed the design exercises, her ranking
was at lower level of whole class. Hence, after discover-
ing the difficulties student DQ encountered in programming
practice, teacher had face-to-face communication with her
and provided targeted one-to-one programming counseling in
time.

In addition, test rankings of class A on Teachermate, online
Learning Rankings on Xuexitong and programming exercises
score rankings on PTA reflected that student groups of differ-
ent programming learning performance and level gradually
appeared in Class A. For example, those students always
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in bottom 10 of class attracted attention from the teacher,
who in turn constantly asked about and followed up on their
learning emotion and learning progress and actively guided
them to solve learning problems encountered in C Language
Programming course. After class, teacher would relieve their
learning pressure and encourage them to make continu-
ous progress through communication via social media and
emails.

F. PRECISION TEACHING EVALUATION

1) CONSTRUCTION METHOD

This research constructs precise teaching evaluation system
of C Language Programming course by using Delphi [49]
method. Delphi method, also known as expert consultation
method, refers to that when evaluating and decomposing a
complex problem, researchers cannot ensure that the level of
problem decomposition is clear and the logic is correct due
to their own limit level and subjectivity. They consult experts
in the same field through the preparation of questionnaires to
obtain the basis for establishing evaluation indicators. Delphi
method has three core steps. The first step is to define the
consultation questions and design questionnaires. The second
step is to select experts and analyze their authority. The third
step is to carry out expert advice consultation, feedback and
statistical collation. Generally, at least two rounds of expert
consultation are conducted [50].

2) CONSTRUCTION PROCESS

The construction process of precise teaching evaluation sys-
tem for C programming course includes three steps: pre-
liminary selection of evaluation indicators, optimization of
evaluation indicators and determination of evaluation indica-
tors. Precision teaching evaluation of programming courses
evaluates the teaching quality and teaching effect based
on students’ classroom participation data, classroom prac-
tice data, programming practice data, and learning outcome
data at each stage. Therefore, the teaching evaluation index
system established in this paper includes four evaluation
dimensions: learning attitude, classroom participation, pro-
gramming practice engagement and learning outcomes. Each
evaluation dimension also contains secondary evaluation
indicators.

The preliminary selection of precision teaching evaluation
system inevitably had the problem of strong personal sub-
jectivity. Therefore, this paper used Delphi method to test
and optimize the primary selection evaluation index. In this
study, eleven teaching experts were invited to participate in
the expert consultation, including 2 teaching experts, 4 sub-
ject experts, and 5 teachers of teaching the same course.
They have 10 to 30 years of teaching experience in the
field of teaching. Average authority coefficient of experts
was 0.846, indicating that the selected experts generally
had high authority and could give scientific and objec-
tive opinions on the proposed precision teaching evaluation
system.
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3) CONSTRUCTION RESULTS

Two rounds of expert consultations were carried out, each of
which provided the experts with relevant research materials
and explained the content and requirements of the expert
consultations by sending email. As required, the experts need
to complete the corresponding questionnaire. The opinions
of experts in the first round focused on the selection and
nomenclature of secondary indicators. The second round
of expert consultation mainly invited experts to assign the
weight of the two-level indicators. Based on two rounds of
expert opinions, this study determined the precision teach-
ing evaluation system of programming courses, and gave
corresponding weights to first-level index and second-level
index in combination. Refer to Table 7 for the details of this
evaluation system.

TABLE 7. Precision teaching evaluation system of C language
programming course.

Primary . . )
. Weights Seconary Indicators Weights
Indicators
Classroom Attendance
Completion Rate of Online 0.23
Learning 012 Learning Tasks 0.22
Attitude ’ Punctuality of Assignment 0.25
Submissions Completion Rate of 0.31
Programming Exercise
Classroom Interactions 0.24
Classroom
Participation 0.13 Classroom Discussions 0.20
Correct Rate of Classroom Tests 0.56
Programming PTA Login Times 0.15
Practice 0.21 Code Submission Rate 0.24
Engagement Code Submission Accuracy 0.61
Classroom Test Scores 0.13
Leaming Online' Learning Scores 0.10
Outcomes 0.54 Asmgnment Scores 0.11
Mid-Term Exam Scores 0.27
Final Exam Scores 0.39

C Language Programming course teaching evaluation
system includes 4 primary indicators and 17 secondary indi-
cators. Four primary indicators are learning attitude, class-
room participation, programming practice engagement and
learning outcomes, with weights of 0.12, 0.13, 0.21, and 0.54
respectively.

Learning attitude dimension, which account for 12% of the
total evaluation, includes four secondary indicators, the con-
tent and weight of each indicator are Classroom Attendance
(0.23), Completion Rate of Online Learning Tasks (0.22),
Punctuality of Assignment Submissions(0.25), and Comple-
tion Rate of Programming Exercise(0.31).This dimension
evaluates students’ emotions and attitudes in learning C Lan-
guage Programming course to clarify whether they were con-
fident and active in programming learning and whether they
were satisfied with the precision teaching design and teaching
activities.

In terms of classroom participation dimension, account-
ing for 13% of the total evaluation, is evaluated from
three dimensions, namely classroom interactions (0.24), class
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discussions (0.20) and correct rate of answering questions
(0.56). Classroom participation evaluate students’ enthusi-
asm and initiative to participate in classroom teaching activ-
ities by quantities of classroom teacher-student interaction,
times of group discussion and completion quality of class-
room tests.

As for programming practice engagement dimension,
occupying 21% of the total evaluation, includes three
dimensions: PTA Login Times (0.15), Code Submission
Rate (0.24), and Code Submission Accuracy (0.61). This
dimension evaluates the degree of students’ investment in
programming practice, and determine whether students often
log into PTA for programming exercises, time spent on pro-
gramming exercises, and the accuracy of submitted program-
ming codes.

Learning outcomes dimension, occupying 54% (the high-
est proportion) of the total evaluation, consists of five dimen-
sions, namely Classroom Test Scores (0.13), Online Learning
Scores (0.10), Assignment Scores (0.15), Mid-Term Exam
Scores (0.25), Final Exam Scores (0.37). This dimension
evaluates learning outcomes of programming knowledge of
students by tests, assignments and examination scores, as well
as assesses their development of programming abilities, such
as problem understanding, algorithm design, code writing
and debugging skills.

VI. DISCUSSION AND ANALYSIS

A. DISCUSSION OF LEARNING EFFECTS OF PRECISION
TEACHING CLASSROOM FOR C LANGUAGE
PROGRAMMING COURSE

This research discusses difference in learning effects of
C Language Programming course between precision teach-
ing classroom and ordinary teaching classroom by analyz-
ing final programming examination scores at the end of the
semester. This study carried out independent sample t-test
on final programming examination scores of Class A and
Class B. Table 8 shows the means and standard deviations
of final programming examination scores.

TABLE 8. Means and standard deviations of final programming
examination scores of Class A and Class B.

Class N Mean Stagdgrd Standard Error of
Deviation Mean
Class A 48 73.55 14.13 2.64
Class B 55 67.84 15.29 347

In Table 8, the results reveal significant differences in
final programming exam scores of two classes at 0.03. The
average score of Class A was 73.55, higher than that of
Class B, showing that the overall learning performance of
programming practice of experimental class were better than
those of control class. The standard error of mean of Class B
was relatively large, which showed that programming skills
gap between the students in control class was larger than that
between the students in experimental class.
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This research conducted a Null Hypothesis Significance
Testing (NHST) and calculated the p-value of the distribution
of the individuals’ data to be sure that the null hypothesis
can be ruled out in this teaching experiment study presented.
Hypothesis testing of this research involved following three
steps.

Step 1. Established null hypothesis and determine test
level. The Null Hypothesis (Hg) selected in this study
was that there was no difference in the teaching effect
between the experimental class and the control class, that
is, the teaching effect of the programming course using
the precision teaching mode was the same as that under the
traditional teaching mode. The Alternative Hypothesis(Hj)
was that the teaching effects of the experimental class and
the control class were different.

H1: pl # u2

w1 and o represents the average value of the experimental
class and the control class. In this study, the value of the size
of a test(a) was determined as 0.05.

Step 2. Selected test methods and calculated test statistics.
The known information of this study was the mean, standard
deviation and sample size of the experimental class and the
control class. Since the number of samples was more than 30,
this study used the Z-test method to test hypotheses. Calcu-
lated the z fraction according to Formula 1.

Ho : w1 = pa,

Xi— X,

1= —— €))
s? 52
w t

X, and X, were the average of the experimental class and
the control class. s; and s, were the standard deviations of the
experimental class and the control class. nl and n2 were the
sample sizes of the experimental class and the control class.
Based on the Formula 1, the value of Z was 1.98.

Step 3. Determined P value and make statistical inference
conclusion. Queried the relationship table between z value
and p value and found that | z | > 1.96, then p value < 0.05.
According to the set size of test (a), Hy was rejected and
H1 was accepted. That meant, the hypothesis that there was
no difference between the teaching effect of the programming
course of the experimental class and the control class was
not tenable, and the teaching effect of the two classes was
different. Figure 9 compares final programming examination
scores of Class A and Class B.

In Figure 9, scores of 90-100 mean ‘‘excellent,” scores
of 80-89 represent ‘“good,” scores of 70-79 stand for
“medium,” scores of 60-69 refer to ““poor,” and scores below
60 mean ““failed.” The “‘excellent” rate of Class was 13.7%,
nearly 6% higher than that of Class B at 7.6%. The ““failed”
rate of Class A was about 10%, 8% lower than that of Class B
at 18%. Furthermore, average score of Class A was increased
by nearly 6 points and standard deviation was decreased,
reflecting more uniform scores of students and improved
polarization in the precision teaching classroom.
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Final Programming Examination Scores of
Experimental Class and Control Class

50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

90-100 80-89 70-79 60-69 0-59

----------- Experimental class Control class

FIGURE 9. Comparison of final programming examination scores
between Class A and Class B.

Achievement degree of learning goals of each teaching
theme of Class A and Class B is compared in Figure 10.

Achievement Degree of Learning Goals

Basic
Programming
C85%epts

ata Types and
0'89]) Definition

Structure

0.838equence

Pointer
Structure

0.57

0.64

. 0.78
Function Branch Structure

0.70

0.74
Array Loop Structure

Control class

Experimental class

FIGURE 10. Learning goals achievement degree of experimental class and
control class.

Teaching themes of Basic Programming Knowledge, Data
Types and Definition and Program Structures of Sequence,
Branch and Loop belong to basic contents of C Language
Programming course, and most programming exercises in
these parts were confirmatory. As can be seen from Figure 10,
achievement of learning goals of class A on these teaching
topics was higher than that of class B, which showed that
precision teaching of C Language Programming course effec-
tively improved students’ understanding of conceptual pro-
gramming knowledge by means of pre-class tests, classroom
tests, group learning, and so on.

Teaching themes of Array, Function, Pointer and Struc-
ture are high-level contents of C Language Programming
course. The programming exercises of these themes were all
to design programs, which targeted in cultivating students’
high-level ability to use programming knowledge to solve
problems. In Figure 10, learning goals achievement degree
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of these teaching themes of Class A is about 10% higher than
that of Class B. This is because teacher paid more attention
to students’ programming practice process and gave them
real-time teaching intervention in C Language Programming
precision teaching activities. Differentiated programming
guidance given by teacher and group cooperative program-
ming learning were very helpful to these students, especially
who encountered programming problems that were difficult
to solve, and they constantly tried to practice and solved the
problems finally. Therefore, programming abilities of stu-
dents in Class A had also been improved through continuous
practice and attempts.

B. ANALYSIS OF LEARNING SATISFACTION WITH
PRECISION TEACHING CLASSROOM FOR C LANGUAGE
PROGRAMMING COURSE

The research designs a questionnaire on learning satisfaction
with the precision teaching classroom for C Language Pro-
gramming course to analyze students’ learning satisfaction.
At the end of the course, teacher distributed a total of 48 ques-
tionnaires to students of Class A and collected 48 valid
questionnaires. The questionnaire includes five dimensions,
namely satisfaction of instructional design, learning partici-
pation, achievement of learning goals, course evaluation sys-
tem and programming skills improvement.

The study ran a confirmatory factor analysis (CFA) on
learning satisfaction survey data. CFA is a type of structural
equation modeling used in situations where the dimensional-
ity of the variables is known. Before running a CFA, this study
determined certain assumptions, such as linearity, indepen-
dence, normality, and no outliers, through an examination of
correlations, scatter plots and histograms in SPSS 25. Then
this work determined fit by using traditional fit statistics
(x*/df = 1.85, RMSEA = 0.06, CFI = 0.98, TLI = 0.97,
SRMR = 0.03). This questionnaire yielded a standard Cron-
bach’s « coefficient of 0.885, indicating high reliability and
validity. The study investigated satisfaction of instructional
design in five aspects: teaching contents, learning resources,
learning objectives, classroom exercises, and learning activ-
ities. The statistical results of each dimension are shown
in Figure 11-13.

In Figure 11, more than 52% of the students were quite
satisfied with the precision teaching design of the whole
course and 32.68% were relatively satisfied, indicating that
majority of the class was satisfied with the teaching design
of C Language Programming course. In aspect of satisfac-
tion of learning participation, 38.24% students of Class A
reported that teacher-student interactions in this course were
quite helpful, and 33.33% believed it was relatively help-
ful. Generally speaking, over half of the students thought
that class-room atmosphere of C Language Programming
course was active and teacher’s guidance was targeted. Class-
mates’ mutual evaluation contributed to the high classroom
participation.

In terms of achievement of learning goals, see Figure 12,
90% of the students expressed that they achieved cognitive

9573



IEEE Access

F. Yu et al.: Research on Construction and Practice of PT Classroom for University Programming Courses

Satisfaction of Instructional Design

Dissatisfied | 0.33%
Not so satisfied W 1.96%
Generally satisfied n— 12.75%
Quite satisfied I 52.209%,
Very satisfied n———— 32.68%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

Satisfaction of Learning Participation

Dissatisfied

Not so satisfied

Generally satisfied
33.33%

|38.24% |

Quite satisfied

Very satisfied

v T T

0.00%  10.00% 20.00% 30.00% 40.00% 50.00%

FIGURE 11. Satisfaction of instructional design and learning participation.

Not achieved, Achievement of Learning Goals

0.00% Fully

Not too
reached,

4.57% achieved,
12.42%

m Fully achieved
Generally

reach, 32.68% m Relatively reach
Generally reach

= Not too reached

= Not achieved

Relatively
reach, 50.33%

Satisfaction of Course Evaluation System

Dissatisfied

Not so satisfied
Generally satisfied
Quite satisfied

Very satisfied

I

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

FIGURE 12. Achievement of learning goals and satisfaction of course
evaluation system.

objectives and content objectives of the course in this class.
Additionally, this study investigated satisfaction of course
evaluation system in four aspects, namely evaluation subjects,
evaluation forms, evaluation contents, and evaluation per-
spectives. Over 77% of students were relatively satisfied with
the evaluation method of this course, demonstrating that most
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Satisfaction of Programming Skills Improvment

60.00% 54.90% 54.90%
° 52.94% 19.02% 50.98%

50.00% 45.10%
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FIGURE 13. Satisfaction of programming ability improvement.

students recognized the multidimensional precision teaching
evaluation system.

The research carried out investigation on the satisfaction of
programming skills improvement in six aspects (as shown in
Figure 13): expanding programming knowledge, improving
programming literacy, enhancing self-study ability, improv-
ing problem-solving skills, and strengthening communication
ability. Over 50% of the students thought that their program-
ming knowledge, programming literacy, learning ability, and
problem-solving skill were improved, and more than 45%
thought that their team cooperation ability and communi-
cation ability were enhanced after learning programming
course. All these results show that the precision teaching
classroom of C Language programming course plays an
obvious role in training students’ programming literacy and
improving their programming skills.

VIl. CONCLUSION

In teaching programming courses, teachers always face
the challenges of selecting appropriate teaching meth-
ods, effective teacher-student interactions in programming
class, maintaining learning enthusiasm and confidence, and
comprehensive evaluation of learning process and learn-
ing effects. This research constructs a precision teaching
classroom for university programming courses. Therefore,
this study mainly focuses on the following three ques-
tions: What are realization conditions of precision teaching
classroom for university programming courses? What
teaching phases and teaching links are included in this preci-
sion programming teaching classroom? What is the teach-
ing effect of constructed precision programming teaching
classroom?

This study considers that there are three supporting con-
ditions for precision programming teaching, namely offline
teaching classroom based on smart teaching tool (Teacher-
mate), online teaching platform supporting mobile ubig-
uitous learning (Xuexitong), and programming practice
environment with automatic assessment (PTA). In offline
teaching classroom, teacher mainly teaches programming
knowledge, conducts teaching interaction and classroom
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tests. Teachermate can automatically record and statisti-
cally analyze the data generated in this teaching class-
room, and help teacher to evaluate students’ learning
participation and learning attitude in programming learning.
In online autonomous learning, teacher mainly publishes
learning resources and online programming learning tasks.
Xuexitong automatically records student’s online learning
behavior trajectory, helping teachers to master students’ con-
sciousness and initiative in learning programming. In pro-
gramming practice teaching, teacher releases programming
practice tasks on PTA, which records programming practice
process data of students in real time. These data reflect stu-
dents’ learning engagement and programming skills growth
in programming practice, and assist teacher to provide differ-
entiated programming learning guidance to students.

This research designs precision programming teaching
process of three teaching stages: preparation phase driven
by student data, implementation phase driven by learning
process data, and evaluation phase driven by multidimen-
sional evaluation data. Then this study carried out teaching
practice in C Language Programming course in a Chinese
university. The results of teaching practice reveal that the
precision classroom of programming courses constructed in
this paper improve the insights and decision-making ability of
teacher in programming teaching and facilitate the teacher to
formulate precision teaching objectives and design adaptive
teaching activities.

In addition, Teachermate, Xuexitong and PTA record and
analyze students’ learning behavior and learning outcomes
in real time and accurately depict their current learning states
and emotions, so that the teacher could pay full attention to
individual differences and changes of students’ programming
skills in programming learning. Eventually, teaching effects
apparently superior to those of ordinary programming class-
room were obtained, and students’ programming learning
efficiency and learning quality were improved. Practice has
proved that the precision teaching classroom for university
programming courses proposed in this article provides a
complete set of effective teaching methods for improving
programming teaching.

This study was completed with strong support of the uni-
versity where the author works in. However, there were two
limitations in this research. One was the lack of real-time data
collection for programming learning process resulted in not
very high data accuracy, which made the characterization of
students’ learning process and learning behavior not accurate
enough. Another limitation was that in practice activities of
precision teaching, sometimes students could not fully coop-
erate with teaching research, resulting in insufficient data
sets. In view of these research limitations, the authors will
continue to carry out multiple rounds of teaching practice
and teaching effect evaluation in programming courses of
different majors, so as to continuously enrich teaching data
sets, optimize the proposed precision programming teaching
model and improve teaching effects of university program-
ming courses.
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