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Flipped learning is allowed students to increase opportunities for active learning in the learning process. Although
previous studies have shown that there was a positive impact of flipped learning on class, few studies have combined
flipped learning with formative assessment to explore students’ learning performance in terms of programming. Hence,
this study adopted a quasi-experimental design to recruit 121 students for 15 weeks of experimental activities. The
experimental group used a combination of flipped learning and formative assessment to explore whether their learning
performance was higher than that of the control group using flipped learning. In addition, this study established an online
formative assessment platform to provide the experimental group with online formative assessment tests. According to the
results, the learning performance of the experimental group in the second test and the third test was significantly higher
than that of the control group. On the other hand, the experimental group could still achieve better learning performance
in the more difficult units (units 7 to 12). In addition, the researchers showed that when the duration of the experiment was
longer and the experimental group of students continued to use the online formative assessment platform to administer the
test, their learning performance in terms of programming was also significantly enhanced. Therefore, this study
demonstrated the effectiveness and contribution of combining flipped learning with formative assessment in terms of

programming.
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1. Introduction

In traditional instructional strategies, most teachers
teach students through lectures or classes, but this
method may have many limitations and dilemmas
[1]. For example, in the traditional classroom,
students can only obtain the knowledge and content
of the course through the learning materials or
books provided by the teacher [2]. With the
advancement of information technology, students
can acquire a large amount of knowledge and
content through E-learning, which has also
become a solution to improve students’ acquisition
of limited knowledge in traditional teaching [3].
Several studies have shown that students can
improve their learning outcomes in the classroom
through digital materials and multimedia resources
[4, 5] and learning motivation [6, 7]. Compared with
traditional lectures, students can read a large
number of open educational resources anytime,
anywhere by combining online learning with digital
learning tools to improve students’ knowledge in
various subjects [8]. In order to enable students to
learn more effectively, many researchers have intro-
duced instructional strategies or tools in the class-
room to help students acquire useful knowledge

* Accepted 21 December 2022.

and concepts from the learning process. Among
them, flipped learning, concept maps, or formative
assessment are often used in educational research
for related discussions [9-11].

On the other hand, flipped learning is gaining
traction in higher education [12], students must
preview and read the learning materials provided
by teachers before class to actively prepare and
learn for the course [13]. Therefore, students can
actively acquire the knowledge and content of
materials through flipped learning [14]. Many stu-
dies have shown that flipped learning can effectively
have a positive impact on student learning out-
comes [15]. For example, Huang, et al. [16] applied
business simulation games in the flipped classroom
to explore students’ engagement, learning achieve-
ment, and higher-order thinking. The results of the
study pointed out that students’ application of
business simulation games can effectively improve
students’ higher-order thinking skills, and students
can effectively prepare instructional materials
through the flipped classroom. van Alten, et al.
[17] explored students’ learning performance in
the classroom through flipped learning videos and
self-regulated learning. The findings showed that
including support for self-regulated learning in the
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film can have a positive impact on students’ learn-
ing outcomes.

In addition, flipped learning was also discussed in
engineering education. For example, Chao, et al.
[18] used the flipped learning method to explore the
students’ learning attitude and achievement in the
computer aided design curriculum. The results
show that flipped learning can improve students’
academic achievement in engineering education,
and students’ attitude, motivation, and self-evalua-
tion also have a positive improvement (Chao et al.,
2015). Ozyurt and Ozyurt [19] used an adaptive
flipped classroom approach to explore the pro-
gramming success, attitudes, and self-efficacy of
software engineering students in learning program-
ming. The results show that using this approach can
enhance students’ success and self-efficacy in learn-
ing programming, and the flipped classroom
approach can be effectively used to teach program-
ming courses [19]. Additionally, Bhat, et al. [20]
show that the flipped classroom model can provide
course materials through technology and tools so
that students can learn the content of the course in
advance and conduct discussions with other stu-
dents in the classroom. Therefore, in engineering
education, flipped learning can improve student
interaction and performance, and its learning effec-
tiveness is better than in traditional classrooms [20].

Although previous studies confirmed that stu-
dents can improve their learning performance in
engineering education through flipped learning,
there are still some limitations and dilemmas of
flipped learning. One of the issues is that it may be
difficult for teachers to know the problems students
face in the pre-class learning process [21] so teachers
assist students in solving related problems in the
materials only through discussions during the
course. In addition, Van Alten, et al. [22] showed
through a meta-analysis that although flipped class-
rooms had little effect on learning outcomes, tea-
chers adding tests in flipped classrooms could make
students achieve higher learning outcomes. In order
to enable teachers to have an in-depth understand-
ing of what students may encounter in the learning
process, the formative assessment can effectively
help teachers monitor and evaluate students’ learn-
ing process and performance in the unit or materials
[23]. For example, Elmahdi, et al. [24] showed that
the use of information technology in the classroom
combined with formative assessment can effectively
improve student learning outcomes. Moreno-Ruiz,
et al. [25] combined flipped learning, project-based
learning, and formative assessment strategies to
explore the benefits of the system they developed
in engineering education. The unified theory of
acceptance and use of technology was used to
prove the usefulness of the system in the learning

process. However, the study did not explore the
impact of these strategies and tools on the learning
performance of students in engineering education
[25].

Formative assessment is considered to improve
and enhance teaching aspects of higher engineering
education [26]. Therefore, this study considers that
formative assessment can effectively allow teachers
to understand the situation of students in the
learning process and can also improve students’
learning performance in the course. In addition,
flipped learning can not only be used as an instruc-
tional strategy for teaching programming courses in
engineering education but also can effectively
enhance students’ success in learning programming
[19]. Although many studies have confirmed the
benefits of flipped learning and formative assess-
ment in educational research, this study found that
there are few studies exploring the application of
combining these two instructional strategies in
programming courses, especially the application
of visual programming in engineering education.
Students may encounter some problems in flipped
learning, which make them unable to understand
the content of the materials, thereby reducing their
learning performance in learning programming. If
students encounter difficulties in the process of
learning programming, their development of pro-
gramming logic in the next stage will be directly
affected. To the best of our knowledge, previous
studies rarely examined students’ learning effective-
ness after flipped learning through formative assess-
ment, and they did not explore the learning
performance of combining these two instructional
strategies in units of different difficulty levels for
engineering students. On the other hand, Cheng, et
al. [11] have not separately explored the impact of
implementing formative assessments on students’
learning performance in units of different difficulty
levels. Although this result suggested that students
can improve their learning performance through
formative assessment, they still do not explore
whether formative assessments are more conducive
to helping students improve learning performance
in more difficult units or materials. Also, do stu-
dents in the control group have lower learning
performance in more difficult units or materials
compared to students in the experimental group
using formative assessments? In order to solve the
problems that have not been explored in previous
studies, this study designed new experimental activ-
ities and adopted a quasi-experimental design. The
experimental group used flipped learning and for-
mative assessment as learning strategies, while the
control group did not use formative assessment.
The experimental group implemented several for-
mative assessment tests in the activities to evaluate
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the learning effectiveness of watching flipped learn-
ing materials. The teacher can help students to learn
the logic and concepts of programming through the
results of formative assessment, so as to master the
process of students learning programming. Alter-
natively, students can reach self-assessment
through formative assessment and immediately
identify unfamiliar concepts of programming after
watching the flipped learning materials. These
activities lasted 15 weeks in the App Inventor
course. App Inventor was a visual programming
language, so it was used by researchers in this
experiment to investigate students with an informa-
tion engineering background. Furthermore, the
teacher recorded 84 program videos as learning
materials and developed an online formative assess-
ment platform as an online test to explore students’
learning performance in programming courses.

2. Literature Review

2.1 The Effect and Application of Flipped Learning
in the Educational Field

With the vigorous development of information
technology, many teachers are using digital materi-
als to improve the limitations of traditional materi-
als. Flipped learning is attracted much attention in
educational research, and it is also attracted rele-
vant research to apply its instructional strategy to
explore students’ performance in the classroom
[27]. Flipped learning is a learner-centered teaching
strategy that provides students with pre-recorded
videos or instructional materials for students to
watch and read before the course so that students
can increase opportunities for active learning in the
learning process [28]. Therefore, when teachers
adopt flipped learning as an instructional strategy
in teaching, they can effectively improve students’
learning performance or learning engagement in the
classroom [15, 29].

On the other hand, many studies have pointed
out the effectiveness and benefits of flipped learning
applications in the classroom, such as Huang, et al.
[30] used gamification-enhanced flipped learning to
explore the impact on students’ behavioral and
cognitive engagement. The results showed that
students using gamification-enhanced flipped learn-
ing can complete pre- and post-class activities
faster, and have higher test scores after class than
students who did not use non-gamification flipped
learning. Wang and Zhu [31] explored the impact of
higher education students’ participation, experi-
ence, and learning performance through a
MOOC-based flipped learning approach. The
results showed that most students had a good
experience in flipped learning, and the overall
average learning performance of students was also

better than that of students in traditional class-
rooms. Awidi and Paynter [32] used flipped learning
to explore the impact of students’ learning satisfac-
tion in the course and their engagement in activities.
The results showed that there is an impact on
students’ learning experience through flipped learn-
ing, and students can get good assistance from the
experience of flipped learning. Through flipped
learning, teachers can improve students’ learning
experience in the classroom.

Although some studies have proven that flipped
learning can help improve students’ learning per-
formance in the classroom [33], it may also cause
other problems. One of the problems is that stu-
dents have to devote a lot of time to flipped learning
courses, which can increase their workload [34]. In
order to effectively reduce the inherent cognitive
load that may be caused by students in the learning
process, Huang, et al. [35] showed that teachers
must adjust appropriate materials according to the
level of students. Therefore, this study attempts to
explore the problems encountered by students in
flipped learning by means of formative assessment,
so that teachers can appropriately adjust the mate-
rials of flipped learning.

2.2 The Effect and Application of Formative
Assessment in the Educational Field

In traditional assessment methods, teachers can
only evaluate students’ learning performance and
the situation in the classroom through their test
scores or homework scores. However, this may lead
to students learning wrong knowledge and concepts
in the process of learning, and teachers cannot
immediately assist students in their process to
solve related errors and problems. Therefore, for-
mative assessment can effectively solve its teaching
difficulties and limitations. The formative assess-
ment is an assessment method used by teachers to
measure students’ responses to specific topics and
skills [36]. Dunn and Mulvenon [37] indicated that
teachers’ use of formative assessment in the class-
room can help them improve teaching outcomes
and practice.

On the other hand, related studies pointed out the
effectiveness of formative assessment in the class-
room, such as building gamified e-quizzes based on
formative assessment and exploring the impact of
students’ learning and engagement. The results
suggested that Zainuddin, et al. [38] used gamified
e-quizzes as an effective way to assess learning
performance, especially when students complete
different topics through formative assessments as
a basis for assessing their performance; Dalby and
Swan [39] used digital technologies to improve
formative assessment in mathematics classrooms
and explored the role of its tools in implementing
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formative assessment. The results showed that
digital technology tools can effectively enhance
student learning, and that paired with formative
assessments can also improve student performance
in the classroom.

According to the investigation of this study,
many studies on flipped learning and formative
assessment confirmed the effectiveness of its appli-
cation in educational research. However, few stu-
dies focus on an in-depth exploration of the
combination of flipped learning and formative
assessment to improve students’ learning perfor-
mance in programming. Therefore, this study pro-
vided programming videos based on flipped
learning and developed an online formative assess-
ment platform to explore and test students’ learning
performance in the App Inventor course.

3. Research Method

Based on the flipped learning and online formative
assessment system, this study enabled students to
take online quizzes after reading flipped learning
materials and explored the differences in their
learning performance in the APP Inventor course.
Therefore, teachers designed and recorded 84 pro-
gram videos of APP Inventor courses as materials
for flipped learning provided by this study. In
addition, teachers have also built an online forma-
tive assessment platform as the classroom forma-
tive assessment system provided by this study, and
the platform included 111 programming test items
so that students can take online quizzes.

3.1 Participants

This study used a quasi-experimental design
method to investigate 121 students from a science
and technology university in Taiwan, 58 students
were assigned to the experimental group and 63
students were assigned to the control group. All
students come from a background in the field of
computer science and information engineering and
have basic programming skills. Before the experi-
mental activity, all the students had not partici-
pated in the App Inventor course based on flipped
learning. In addition, in this experimental activity,
the experimental group used flipped learning and
formative assessment as instructional strategies,
while the control group only used flipped learning
as an instructional strategy. All students between
the ages of 20 and 21 were recruited by this study, all
of whom agreed to conduct this experiment and had
a clear understanding of the course of their activ-
ities.

3.2 Experimental Procedure

This study investigated 121 students to implement

15 weeks experimental activity, 58 students in the
experimental group had to take the flipped learning
and formative assessment in the App Inventor
course, and 63 students in the control group only
took the flipped learning in the App Inventor
course. In addition, this study invited two experts
with more than 5 years of information and engi-
neering backgrounds to design the experimental
activities and evaluate the validity of the test
papers. Fig. 1 shows the experimental procedure
of this study. Before the start of the experiment, the
teacher would introduce the experimental process
and method to all students, and the teacher would
release a unit of flipped learning materials every
week in the learning management system (LMS)
provided by the school so that students can watch
its videos before class to learn the content of the
relevant unit.

After the teacher introduced the experimental
activities, both groups of students would take the
first test (pre-test) to measure their prior knowledge
of programming. After all the students completed
the first test (pre-test), the students in the experi-
mental group and the control group would watch
the App Inventor programming video before the
class and have peer discussions and interactions
during the class of the week, while the teacher
acted as a tutor to exclude and assist students
with related problems encountered in the instruc-
tional video. Different from the control group, the
students in the experimental group could use the
online formative assessment platform developed by
this study to take online formative assessment tests
to consolidate and assess whether students under-
stand the relevant knowledge and concepts in this
unit. A total of five formative assessments were
conducted in this study, two times between the
first and second tests, and three times between the
second and third tests. The students in both groups
implemented 12 weeks flipped learning courses,
with three lessons per week, a total of 150 minutes.
Teachers will release one unit of flipped learning
materials on LMS every week, a total of 12 units.

After the students in both groups completed the
flipped learning from units 1 to 6, they conducted
the second test to measure their learning perfor-
mance in units 1 to 6. After completing the second
test, all students must continue with flipped learn-
ing from units 7 to 12. The experimental group also
continued to take online tests for formative assess-
ment during this period. After the students in both
groups completed the flipped learning from units 7
to 12, they conducted the third test to measure their
learning performance in units 7 to 12.

It is worth noting that both groups of students
used the same flipped learning materials to watch
the programming videos. The difference between
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Fig. 1. Experimental procedure.

the two groups was that the experimental group
used the online formative assessment system, while
the control group did not use it. The teacher
published all the materials for units 1 to 12 on the
platform. Therefore, the time for the two groups to
access flipped learning materials on the platform
was the same. In addition, the difficulty and content
of the first test (pre-test), the second test, and the
third test implemented by the two groups were all
the same, and the teacher would not announce the
answers to ensure the consistency of each test.

3.3 Flipped Learning Materials

This study was based on flipped learning as an
instructional strategy, so the teacher divided the
App Inventor course taught into 12 units and
recorded 7 different programming videos based on
the course content of each unit, including a total of
84 videos for APP Inventor courses. The length of
each film varies from 5 to 20 minutes, depending on
the unit. On the other hand, teachers used English
as the spoken language, and carefully designed and
record the videos of each flipped learning material.
The flipped learning teaching video of the APP
Inventor course contains a total of 12 units,
namely (1) user interface; (2) arithmetic & string
operators; (3) control blocks; (4) procedures; (5)
lists; (6) clock; (7) canvas; (8) web viewer; (9) phone
function; (10) the camera and sounds; (11) text to
speech; (12) database access. In addition, each unit
contains 7 programming videos, namely (1) basic
operation; (2) advanced operation; (3) basic opera-
tion subtitles; (4) advanced operation subtitles; (5)

introduction to basic operation block; (6) introduc-
tion to advanced operation block; (7) user interface
block.

Fig. 2 shows the flipped learning video of unit 9-1.
Students can learn App Inventor related compo-
nents of knowledge and concepts through video 1
(basic operation video) and video 2 (advanced
operation video) of this unit. In these two videos,
teachers would operate and introduce the inte-
grated development environment of App Invertor
and the learning content of this unit through Eng-
lish explanations. For example, the first unit was to
introduce the user interface, and the second unit
was to introduce the arithmetic and strings. Since
the content of video 1 and video 2 was only
introduced by the teacher’s dictation in English,
students could compare the Chinese and English
subtitles of the content of the unit by watching
video 3 (basic operation subtitle video) and video
4 (advanced operation subtitle video). In addition,
Fig. 3 shows the flipped learning video of unit 9-5.
Students could learn the components and code of
App Inventor through video 5 (introduction to
basic operation block video) and video 6 (introduc-
tion to advanced operation block video) of this unit
between concepts. Finally, students could review
the key content of App Inventor in this unit through
video 7 (user interface block video) (as shown in
Fig. 4).

3.4 Online Formative Assessment Platform

This study established an online formative assess-
ment platform to provide students with online
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Fig. 4. User interface block video.

formative assessment tests after reading flipped
learning materials. The system contains a total of
111 items, including 68 items for units 1~6 and 43
items for units 7~12. In addition, each test item is
related to the components and objects of App

Inventor, such as Button, TextBox, Image, List-
Picker, WebViewer, CheckBox, etc. Fig. 5 shows
the answering situation of the online formative
assessment platform. All tests are automatically
generated by random numbers. Students need to
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Fig. 5. Test items of objects and components on the online formative assessment platform.

judge whether the setting icon is correct according
to the item icon of each test item and click the
option at the bottom to submit their answer.

In addition, this platform also included the test
items of the building block combination of the
visual programming. The answering method for
the test items was also the same as the above.
Students needed to use the flipped learning videos
provided by teachers to learn different objects,
knowledge, and concepts of components, and the
integrated development environment of APP
Inventor can be used to fully understand the pro-
gram operation process and execution results of the
objects and components. Finally, after the students
have completed all the formative assessment tests,
the students’ answer results would be displayed on
the screen immediately, and their answer records
would be uploaded to the database of the server so
that teachers could adjust the contents of the flipped
learning materials according to the students’
answer records.

4. Experimental Results

This study investigated and collected 121 first tests
(pre-test), second tests, and third tests, of which 58
valid tests were from the experimental group and 63
valid tests were from the control group, respec-
tively. It is worth noting that the range of the
second test was units 1 to Unit 6, while the range
of the third test was units 7 to Unit 12. Due to the
scope and difficulty of the first test, the second test,
and the third test were different, so the researchers
normalized the scores of the three tests respectively

to ensure the consistency and standard of the
scores. After the normalization of the scores, this
study analyzed the learning performance of the two
groups on different tests by using IBM SPSS
Statistics software. In the analysis of the learning
performance, this study used an independent sam-
ples ¢ test and analysis of covariance (ANCOVA) to
explore the differences between the experimental
group and the control group in the three tests. In the
analysis of ANCOVA, the independent variables
were that the experimental group used flipped
learning to watch videos and used the online for-
mative assessment platform to conduct experimen-
tal activities, while the control group only
conducted experimental activities based on flipped
learning to watch videos. The covariate variable
was the first test (pre-test) scores of the two groups.
The dependent variables were the results of the
second test and the third test of the two groups.
Table 1 shows the descriptive statistics for the
first test of the two groups. The mean of the
experimental group was 60.79 and the standard
deviation was 16.79; the mean of the control
group was 57.47 and the standard deviation was
17.47. The researchers performed an ANCOVA to
test the within-group homogeneity regression of the
two groups in the first test. According to Table 2,
the interaction between independent variables and
covariate variables did not reach a significant
difference, and its F = 0.16 (p > 0.05), which was
in line with the within-group homogeneity regres-
sion test. This means that there was no difference in
the prior knowledge and concepts in the App
Inventor course between the two groups before
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Table 1. The descriptive statistics for the first test of the two

groups
Standard
Group N Mean Deviation
Experimental group 58 60.79 16.79
Control group 63 57.47 17.47

Table 2. Summary of the within-group homogeneity regression

test

Sum of
Source Squares df F P
Pre-test 289.41 1 0.89 0.35
Groups 417.79 1 1.28 0.26
Groups*Pre-test 51.46 1 0.16 0.69
Error 38087.29 | 117
Corrected Total 41048.59 | 120

the experimental activity. Therefore, this study
could continue to analyze whether there were
differences in the learning performance of the two
groups in the second test and the third test.

Table 3 shows the ANCOVA results for the
second test of the two groups. The mean of the
experimental group before adjustment was 74.57,
with a standard deviation of 14.83; the mean of the
control group before adjustment was 68.37, with a
standard deviation of 19.56. After excluding the
influence of the first test (pre-test) by ANCOVA in
this study, the adjusted mean of the experimental
group was 74.38, with a standard error of 2.29; the
adjusted mean of the control group was 68.55, with
a standard error of 2.2, and its F = 3.35 (p > 0.05),

no significant difference was reached between the
two groups. Although ANCOVA did not reach a
significant difference, there was still a certain gap
between the means of the two groups. Therefore,
the independent sample ¢ test was used to test the
learning performance for the second test of the two
groups in this study. Table 4 shows the independent
sample 7 test results for the second test. The mean of
the experimental group was 74.57, the standard
deviation was 14.83; the mean of the control
group was 68.37, the standard deviation was
19.56, and the ¢ value was 1.97 (p < 0.05), A
significant difference was reached between the two
groups. This means that the experimental group
could not only watch the program videos of the App
Inventor course through flipped learning but also
used the online formative assessment platform
provided in this study to significantly improve
students’ learning performance in units 1 to 6.
Table 5 shows the ANCOVA results for the third
test of the two groups. The mean of the experi-
mental group before adjustment was 75.1, and the
standard deviation was 13.98; the mean of the
control group before adjustment was 65.82, and
the standard deviation was 20.99. After excluding
the influence of the pre-test through ANCOVA in
this study, the adjusted mean of the experimental
group was 74.94, with a standard error of 2.37; the
adjusted mean of the control group was 65.97, with
a standard error of 2.27, and its £ =7.43 (p > 0.01),
there was a significant difference between the two
groups. This means that the experimental group
could not only watch the program videos of the App

Table 3. The ANCOVA results for the second test of the two groups

Second test Second test (Adjusted)
Standard Standard
Group N Mean Deviation Mean Error F )
Experimental group 58 74.57 14.83 74.38 2.29 3.35 0.07
Control group 63 68.37 19.56 68.55 2.2
Table 4. The independent sample ¢ test results for the second test of the two groups
Standard
Group N Mean Deviation t
Experimental group 58 74.57 14.83 1.97*
Control group 63 68.37 19.56
Note: *p < 0.05.
Table 5. The ANCOVA results for the third test of the two groups
Third test Third test (Adjusted)
Standard Standard
Group N Mean Deviation Mean Error F y/
Experimental group 58 75.1 13.98 74.94 2.37 7.43%* 0.007
Control group 63 65.82 20.99 65.97 2.27

Note: **p < 0.01.
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Inventor course through flipped learning but also
used the online formative assessment platform
provided in this study to significantly improve
students’ learning performance in units 7 to 12.

5. Discussion

Although flipped learning is proven to improve
student performance, it still brings a certain work-
load for students. This study considered that the
more difficult materials students learn may have a
negative impact on learning performance, so the
online formative assessment platform was devel-
oped to provide the experimental group with online
formative assessment tests. Through this method,
students for the experimental group can take a
formative assessment test after viewing the flipped
learning materials to consolidate and review their
knowledge and concepts of the flipped learning
materials for each unit.

According to the results of the study, the learning
performance of the experimental group in the
second test and the third test was significantly
higher than that of the control group. This means
that in addition to watching videos to enhance the
knowledge and concepts of the App Inventor
course, they could also use the online formative
assessment platform to self-evaluate the knowledge
construction of different units. On the other hand,
the scope of the second test was units 1 to 6, while
the scope of the second test was units 7 to 12.
According to the results in Table 3 and Table 4,
although the learning performance of the experi-
mental group was higher than that of the control
group, the learning performance of the control
group was still 68.37 (the adjusted mean was
68.55). Researchers considered that the content of
units 1 to 6 contained basic programming concepts
and that most students have basic programming
skills. Therefore, students might already have basic
programming concepts in the course of the pre-
weeks, which was one of the reasons why the
ANCOVA results in Table 3 were not significant.
However, the experimental group could still effec-
tively test the learning content through the online
formative assessment platform, which was why the
two groups achieved significant differences in the
independent sample ¢ test (see Table 4).

According to the results in Table 5, the learning
performance of the experimental group was signifi-
cantly higher than that of the control group. This
shows that the experimental group could effectively
improve the learning performance of units 7 to 12
through the online formative assessment platform.
Especially, the control group had a mean of 65.82 on
the third test (adjusted mean of 65.97), which was
lower than the learning performance on the second

test. However, the mean of the experimental group
in the third test was 75.1 (the adjusted mean was
74.94), which was higher than the learning perfor-
mance of the second test. Regarding this result, the
researchers inferred that the frequency the experi-
mental group continued to use the online formative
assessment platform, the more effective the learning
performance of the course could be improved. On
the other hand, compared to the content of units 1 to
6, the materials of units 7 to 12 were more difficult,
such as canvas, web viewer, text to speech, and
database access. This led to the fact that the control
group could not improve its learning performance
by watching videos through flipped learning, and
the learning performance of the unit with higher
difficulty was significantly reduced. This study
found that students in the experimental group
could enhance learning performance in more diffi-
cult materials by combining flipped learning with an
online formative assessment platform. In addition
to solving the problems that have not been found in
previous studies [11], this result also confirms that
the combination of flipped learning and online
formative assessment platforms can be implemented
in engineering education, thereby improving stu-
dents’ learning performance in visual programming.
Therefore, the results of this study provide a new
method and information system development for
engineering education in the application of visual
programming courses.

6. Conclusion

This study aimed to investigate whether instruc-
tional strategies combining flipped learning and
formative assessment could improve students’
learning performance in the App Inventor course.
Therefore, this study was based on flipped learning
as an instructional strategy, and 84 program videos
were recorded in the App Inventor course taught by
teachers to provide students with pre-viewing mate-
rials at home before the course. In addition, this
study built an online formative assessment platform
based on the instructional strategy of formative
assessment to provide students with online forma-
tive assessment tests, and the system provided 111
test items related to the APP Inventor course. This
study confirmed that the experimental group could
effectively enhance the learning performance of the
App Inventor course by combining flipped learning
and the online formative assessment platform, and
students could also review and deepen the knowl-
edge and concepts of the programming through the
results of the formative assessment. On the other
hand, when the duration of the experimental activ-
ity was longer, the learning performance of the
experimental group after using the online formative
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assessment platform also reached a significant posi-
tive impact.

On the other hand, this study has several limita-
tions. First, the study was conducted on college
students with engineering education (background
in information engineering), so the benefit of these
experimental activities in K-12 education was
uncertain. In addition, the study did not further
analyze the time and learning situations of students

References

watching the video. Therefore, this study suggests
that K-12 students’ engagement or cognitive load in
App Inventor courses can be further explored in the
future and analyzed learning situations of students
watching the flipped learning materials.

Acknowledgements — This research is sponsored in part by the
National Science and Technology Council, Taiwan under Grand
No. 109-2511-H-218-003-M Y2, 109-2511-H-006-011-M Y3, and
110-2511-H-006-008-M Y 3.

1. R. M. Felder and R. Brent, Active learning: An introduction, ASQ Higher Education Brief, 2(4), pp. 1-5, 2009.

2.

3.

4.

20.

21.

22.

23.

24.

25.

B. K. Saville, T. E. Zinn, N. A. Neef, R. V. Norman and S. J. Ferreri, A comparison of interteaching and lecture in the college
classroom, Journal of Applied Behavior Analysis, 39(1), pp. 49-61, 2006.

K.-C. Hao and L.-C. Lee, The development and evaluation of an educational game integrating augmented reality, ARCS model, and
types of games for English experiment learning: an analysis of learning, Interactive Learning Environments, 29(7), pp. 1101-1114, 2021.
R. Liu, L. Wang, J. Lei, Q. Wang and Y. Ren, Effects of an immersive virtual reality-based classroom on students’ learning
performance in science lessons, British Journal of Educational Technology, 51(6), pp. 2034-2049, 2020.

. J.Yin, T.-T. Goh, B. Yang and Y. Xiaobin, Conversation technology with micro-learning: The impact of chatbot-based learning on

students’ learning motivation and performance, Journal of Educational Computing Research, 59(1), pp. 154177, 2021.

. N. Onal, K. K. Cevik and V. Senol, The effect of SOS Table learning environment on mobile learning tools acceptance, motivation

and mobile learning attitude in English language learning, Interactive Learning Environments, pp. 1-14, 2019.

. M.-P. Chen, L.-C. Wang, D. Zou, S.-Y. Lin, H. Xie and C.-C. Tsai, Effects of captions and English proficiency on learning

effectiveness, motivation and attitude in augmented-reality-enhanced theme-based contextualized EFL learning, Computer Assisted
Language Learning, pp. 1-31, 2020.

. Y.-P. Cheng, S.-C. Cheng and Y.-M. Huang, An Internet Articles Retrieval Agent Combined With Dynamic Associative Concept

Maps to Implement Online Learning in an Artificial Intelligence Course, International Review of Research in Open and Distributed
Learning, 23(1), pp. 63-81, 2022.

. C. Gillette, M. Rudolph, C. Kimble, N. Rockich-Winston, L. Smith and K. Broedel-Zaugg, A meta-analysis of outcomes comparing

flipped classroom and lecture, American Journal of Pharmaceutical Education, 82(5), 2018.

. K. Schildkamp, F. M. van der Kleij, M. C. Heitink, W. B. Kippers and B. P. Veldkamp, Formative assessment: A systematic review of

critical teacher prerequisites for classroom practice, International Journal of Educational Research, 103, p. 101602, 2020.

. S.-C. Cheng, Y.-P. Cheng, Y.-M. Huang and Y. Yang, Combining Flipped Learning and Formative Assessment to Enhance the

Learning Performance of Students in Programming, in International Conference on Innovative Technologies and Learning, Springer,
pp. 498-507, 2021.

. A. Karabulut-Ilgu, N. Jaramillo Cherrez and C. T. Jahren, A systematic review of research on the flipped learning method in

engineering education, British Journal of Educational Technology, 49(3), pp. 398-411, 2018.

. S.McLean, S. M. Attardi, L. Faden and M. Goldszmidt, Flipped classrooms and student learning: not just surface gains, Advances in

Physiology Education, 2016.

. F. Tang, C. Chen, Y. Zhu, C. Zuo, Y. Zhong, N. Wang, L. Zhou, Y. Zou, D. Liang, Comparison between flipped classroom and

lecture-based classroom in ophthalmology clerkship, Medical Education Online, 22(1), p. 1395679, 2017.

. M. Bond, Facilitating student engagement through the flipped learning approach in K-12: A systematic review, Computers &

Education, 151, p. 103819, 2020.

. Y.-M. Huang, L. M. Silitonga and T.-T. Wu, Applying a business simulation game in a flipped classroom to enhance engagement,

learning achievement, and higher-order thinking skills, Computers & Education, 183, p. 104494, 2022.

. D. C. van Alten, C. Phielix, J. Janssen and L. Kester, Self-regulated learning support in flipped learning videos enhances learning

outcomes, Computers & Education, 158, p. 104000, 2020.

. C. Y. Chao, Y. T. Chen and K. Y. Chuang, Exploring students’ learning attitude and achievement in flipped learning supported

computer aided design curriculum: A study in high school engineering education, Computer Applications in Engineering Education,
23(4), pp. 514-526, 2015.

. H. Ozyurt and O. Ozyurt, Analyzing the effects of adapted flipped classroom approach on computer programming success, attitude

toward programming, and programming self-efficacy, Computer Applications in Engineering Education, 26(6), pp. 2036-2046, 2018.
S. Bhat, R. Raju, S. Bhat and R. D’Souza, Redefining quality in engineering education through the flipped classroom model, Procedia
Computer Science, 172, pp. 906-914, 2020.

A.Y. Giindiiz and B. Akkoyunlu, Student views on the use of flipped learning in higher education: A pilot study, Education and
Information Technologies, 24(4), pp. 2391-2401, 2019.

D. C. Van Alten, C. Phielix, J. Janssen and L. Kester, Effects of flipping the classroom on learning outcomes and satisfaction: A meta-
analysis, Educational Research Review, 28, p. 100281, 2019.

L. Canadas, Contribution of formative assessment for developing teaching competences in teacher education, European Journal of
Teacher Education, pp. 1-17, 2021.

1. Elmahdi, A. Al-Hattami and H. Fawzi, Using Technology for Formative Assessment to Improve Students’ Learning, Turkish
Online Journal of Educational Technology-TOJET, 17(2), pp. 182188, 2018.

L. Moreno-Ruiz, D. Castellanos-Nieves, B. Popescu Braileanu, E. J. Gonzalez-Gonzalez, José Luis Sanchez-De La Rosa, C. L. O.
Groenwald and C. S. Gonzalez-Gonzalez, Combining flipped classroom, project-based learning, and formative assessment strategies
in engineering studies, International Journal of Engineering Education, 35(6), pp. 1673-1683, 2019.



Enhancing Students’ Learning Performance by Combining Flipped Learning and Online Formative Assessment Platform 419

26. L. Comerford, A. Mannis, M. DeAngelis, I. A. Kougioumtzoglou and M. Beer, Utilising database-driven interactive software to
enhance independent home-study in a flipped classroom setting: going beyond visualising engineering concepts to ensuring formative
assessment, European Journal of Engineering Education, 43(4), pp. 522-537, 2018.

27. L. Cheng, A. D. Ritzhaupt and P. Antonenko, Effects of the flipped classroom instructional strategy on students’ learning outcomes:
A meta-analysis, Educational Technology Research and Development, 67(4), pp. 793-824, 2019.

28. H. O. K. Ahmed, Flipped learning as a new educational paradigm: An analytical critical study, European Scientific Journal, 12(10),
2016.

29. H. N. Mok, Teaching tip: The flipped classroom, Journal of Information Systems Education, 25(1), p. 7, 2014.

30. B. Huang, K. F. Hew and C. K. Lo, Investigating the effects of gamification-enhanced flipped learning on undergraduate students’
behavioral and cognitive engagement, Interactive Learning Environments, 27(8), pp. 1106-1126, 2019.

31. K. Wang and C. Zhu, MOOC-based flipped learning in higher education: students’ participation, experience and learning
performance, International Journal of Educational Technology in Higher Education, 16(1), pp. 1-18, 2019.

32. I. T. Awidiand M. Paynter, The impact of a flipped classroom approach on student learning experience, Computers & Education, 128,
pp. 269-283, 2019.

33. J.S. Chen Hsieh, W.-C. V. Wuand M. W. Marek, Using the flipped classroom to enhance EFL learning, Computer Assisted Language
Learning, 30(1-2), pp. 1-21, 2017.

34. J. Khanova, M. T. Roth, J. E. Rodgers and J. E. McLaughlin, Student experiences across multiple flipped courses in a single
curriculum, Medical Education, 49(10), pp. 1038-1048, 2015.

35. Y.-M. Huang, Y.-P. Cheng, S.-C. Cheng and Y.-Y. Chen, Exploring the correlation between attention and cognitive load through
association rule mining by using a brainwave sensing headband, IEEE Access, 8, pp. 38880-38891, 2020.

36. B. Bell and B. Cowie, The characteristics of formative assessment in science education, Science Education, 85(5), pp. 536-553, 2001.

37. K. E. Dunn and S. W. Mulvenon, A critical review of research on formative assessments: The limited scientific evidence of the impact
of formative assessments in education, Practical Assessment, Research, and Evaluation, 14(1), p. 7, 2009.

38. Z. Zainuddin, M. Shujahat, H. Haruna and S. K. W. Chu, The role of gamified e-quizzes on student learning and engagement: An
interactive gamification solution for a formative assessment system, Computers & Education, 145, p. 103729, 2020.

39. D. Dalby and M. Swan, Using digital technology to enhance formative assessment in mathematics classrooms, British Journal of
Educational Technology, 50(2), pp. 832-845, 2019.

Shu-Chen Cheng received the BS and PhD degrees in Engineering Science from National Cheng-Kung University,
Taiwan, in 1989 and 2004. She is a Professor at Department of Computer Science and Information Engineering in
Southern Taiwan University of Science and Technology, Taiwan. Her research interests include artificial intelligence, data
mining, text mining, and image processing.

Yu-Ping Cheng received the PhD degree in Engineering Science from National Cheng-Kung University, Taiwan, in 2021.
He is a Postdoctoral Research Fellow at Department of Engineering Science in National Cheng-Kung University,
Taiwan. His research interests include artificial intelligence, data mining, and e-learning.

Yueh-Min Huang received the MS and PhD degrees in Electrical Engineering from the University of Arizona in 1988 and
1991 respectively. He is a Chair Professor in Department of Engineering Science, National Cheng-Kung University,
Taiwan. He has co-authored 3 books and has published more than 300 refereed journal research papers. His research
interests include e-Learning, multimedia communications, wireless networks, and artificial intelligence. He is in the
editorial board of several international journals in the area of educational technology, computer communications, and
web intelligence. He was also serving as the directors of Disciplines of Applied Science Education and Innovative
Engineering Education in Taiwan’s Ministry of Science and Technology. Dr. Huang is a senior member of the IEEE and
became Fellow of British Computer Society in 2011. Dr. Huang has received many research awards, such as Taiwan’s
National Outstanding Research Award in 2011 and 2014, given to Taiwan’s top 100 scholars. Dr. Huang is also the
Honorary Chair of the International Conference of Innovative Technologies and Learning (ICITL). According to a paper
published in BJET, he is ranked no. 3 in the world on terms of the number of educational technology papers published in
the period 2012 to 2017.



