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Abstract—The use of apps in education has become popular in recent years
with the development of technology. How to prepare K-12 teachers in creating
apps for students learning is worth our attention. This paper presents how to apply
visual programming and project-based learning to facilitate K-12 teachers in cre-
ating apps. Seven K-12 teachers with less computer background participated in
this study. Data source including (1) K-12 teachers’ project codes, (2) K-12
teachers’ questionnaire, (3) K-12 teachers’ interviews, and (4) questionnaire giv-
ing to K-12 students were collected and analyzed. The results reveal that K-12
teachers applied many programming concepts in the coding implementation in
these projects. Most students gave positive feedback to these K-12 teachers’ app
projects. Furthermore, K-12 teachers were also very positive toward the creation
of apps by visual programming and project implementation, which was reflected
through K-12 teachers’ questionnaire surveys and interview results. The above
findings provide a practicable approach for future teaching to K-12 teachers or
novice programmers on app programming.

Keywords—Programming, Application, Visual programming, Project-based
learning

1 Introduction

Mobile technology has become significant part in our daily life. A wide variety of
applications (apps) have been developed ranging from diverse purposes including en-
tertainment, business, education, personal use and more. It has changed the way work,
education, communication, and collaboration functions. Mobile learning using educa-
tional apps to solve temporal and spatial limitations and also support ubiquitous learn-
ing opportunities has become popular in recent years. Some reports show that many
teachers and students have positive attitudes towards mobile learning or applying apps
in education. For example, Domingo and Garganté surveyed teachers’ perception about
the impact of mobile technology in learning [1]. A total of 102 teachers of 12 different
primary schools in Spain participated in this study. The result reveals that teachers
thought facilitating access to information and increasing classroom engagement are the
two main possible effects of mobile technology in the classroom. Jumaat, Tasir, Lah
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and Ashari's conclusion from 11 articles indicates that students believed mobile tech-
nology will enhance their learning process and provide an effective way of learning [2].
Other research has yielded similar results: mobile learning facilitates access to infor-
mation, increases classroom engagement, and provides new ways to learning [3].

The potential benefits of using apps in learning has been recognized in many disci-
plines. Aronin and Floyd suggested learning activities to introduce STEM concepts to
preschool children through various play-based apps [4]. Beal and Rosenblum examined
an iPad app for its effectiveness in helping visual impaired students studying algebra to
solve mathematical word problems [5]. Visually impaired students and their teachers
found the app and graphics to be easy to use and motivating. Students answered more
mathematics problems correctly when using the iPad app. Soto-Martin and Lodeiro-
Santiago integrated apps in the practice and teaching of conservation and restoration of
cultural heritage [6]. Research of [7] utilized the mobile app to enhance the scientific
inquiry experience of the students, especially in data gathering and complex scientific
practices. Additionally, there are also reports about the benefits of using apps in early
childhood education. For example, in the study by Kucirkova, Messer, Sheehy and Pa-
nadero, one app called “Our Story” was designed to support young children’s engage-
ment in story-making activities [8]. The findings demonstrated that children’s individ-
ual engagement was more animated when using “Our Story” app than using other app
software.

Applying commercial apps to education has great positive effects, however, some
constraints may still apply. For example, the functions and contents of the apps might
not match the purposes of the teacher. Additionally, schools usually have limited budget
for buying apps for teaching. Consequently, if teachers can become more familiar with
computer programming to develop mobile apps suitable for students’ learning condition
and need, a better learning outcome may then be achieved. Considered that many teach-
ers usually are non-majors and lack related computer programming background, they
might face more challenges than youth when learning how to create apps. More research
is needed in terms of selecting the most fitting programming creation environment and
implementation approach.

Most novice programmers think programming is difficult to learn. Empirical studies
show that programming syntax remains a major barrier to students [9-10]. Program-
ming syntax is different from our everyday language syntax. As a result, most students
find it non-intuitive and hard to understand. It is more common for students to spend
more time dealing with issues of syntax rather than focusing on important algorithms
and program structure designs. A visual programming environment provides easy-to-
use interface that students can construct programs merely by manipulating graphical
elements. It can reduce the cognitive load for novice programmers when programming
concepts are first introduced to them [11]. Thus, one can expect the visual programming
environment to be suitable for K-12 teachers when learning to create apps.

Unlike finishing a simple programming homework, creating educational mobile apps
comprises several stages, such as students’ background analysis, learning content de-
sign, multimedia material collection, coding, debugging, and testing. Project-based
learning emphasizes learning activities that are long-term, student-centered, and appli-
cable to real-world issues and real-life practices. This learning process involves a series
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of complex tasks which engages students' minds through working on open-ended pro-
jects, problem-solving, decision making, or investigative activities. These tasks are also
necessary in mobile apps creation. Current literature demonstrates that project-based
learning has been applied in various disciplines to improve learning outcomes or learn-
ing attitudes [12-14]. Therefore, in addition to visual programming environment, pro-
ject-based learning was also selected in this study as a possible strategy for facilitating
the learning process of K-12 teachers vis-a-vis creating apps.

2 Literature Review

2.1  Visual programming environment

Traditional textual programming languages have text-based interface that require
precise and complex syntax which are unfamiliar and unnatural for beginners. The pro-
gramming syntax is usually complicated and difficult to understand for novice program-
mers and syntax overload results in barriers to learning programming [9]-[10]. Easier
to read and easier to write programs may relieve syntax complexity for learners. Instead
of inputting text-based statements, visual programming environments often contain
block-based programming elements which provide useful visual cues on how and where
to use commands to develop programs. A program can be easily created just by drag-
ging-and-dropping block-based programming elements so that the syntax problems are
eliminated. Visualization helps learners understand the semantics of introduced con-
structs, elucidate principles of program structure and execution, and protects them from
developing misconceptions. Study by [15] indicated that students who used the visual
interface for programming spent less time off track and completed more of the activity's
goals in less time when compared to those who used the textual interface for program-
ming. Saito, Washizaki, and Fukazawa also compared the learning effects of text-based
and visual-based programming and found that visual-based programming induces a
larger change in attitude toward programming [16]. Therefore, research results suggest
that visual-based programming is advantageous in a programming implementation en-
vironment for novice programmers.

Numerous studies have shown the benefits and feasibility of visual programming
environments such as Scratch (scratch. mit.edu), Alice (www.alice.org), and Kodu
(www.kodugamelab.com). Since they are easy to use and understand, visual program-
ming environments have been used as lead-in courses for more advanced computer sci-
ence courses. For example, research [17]-[18] taught Scratch in a CSO course to im-
prove the retention rate of at-risk majors and to stimulate interest and positive attitudes
toward computer science. Scratch and Kodu were also used to teach important concepts
of computer science for students [19]-[21]. Furthermore, research by Werner, Denner,
Campe, and Kawamoto also pointed out that visual programming environment is help-
ful in the development of learners’ computational thinking skills [22].

Previous research reported successful experiences of introducing visual program-
ming for K-12 or pre-service teachers when creating interactive animated games or sto-
ries to facilitate teaching. For instance, K-12 teachers were taught Scratch, Alice, and
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StartLogo in the workshop [23]-[25]. Considering that the participants of this present
study are novice programmers, using visual programming environment to create apps
may be better suited for them. App Inventor for Android (AlA) developed by Google,
later transferred to MIT’s Center for Mobile Learning, intends to enable everyone with-
out programming background to develop Android mobile applications. AIA is an open-
source web application and provides friendly visual interface which decreases the learn-
ing curve. Users, regardless of whether they major in computer science, can learn AIA
successfully. Many study tried to introduce high school or university students program-
ming concepts by teaching AlA. Teaching AIA would also be an interesting topic to
attract students to choose computer science field in their future. Roy conducted a AIA
summer camp for middle and high school students to introduce computing [26]. Stu-
dents’ disposition towards computing slight increased after the summer camp. Simi-
larly, the research of [27] taught high school girls AlA and robotics in the summer camp
to change their misconception that computer science is mainly about dealing with Of-
fice applications or “fixing computers'. Furthermore, Perdikuri reported about senior
high school teachers and students’ experiences from using App Inventor in an introduc-
tory programming course [28]. Students participated in this study had been taught only
Logo programming. The result shows that students and teachers had positive responses
to the adoption of App Inventor in the classroom. App Inventor was also utilized to
develop students’ computational thinking skills through creating mobile apps [29]. In
terms of teaching AIA to educators, Liu, Lin and Potter conducted a one-week AIA
summer computing workshop for K-12 teachers in all subjects [30]. Teachers devel-
oped their apps for teaching with the help of workshop tutors. It reveals that K-12 teach-
ers gained confidence in teaching computer science and in computing knowledge after
the workshop. Hsu, Rice and Dawley also offered online mobile app design workshops
for educators to assist their teaching, learning and work [31]. Educators commented
that they enjoyed the workshops and had fun testing other people’s apps. Those positive
reports mentioned above suggest that App Inventor could be a programming language
choice to teach K-12 teachers create their apps.

2.2 Project-based learning

Project-based learning is an instructional strategy that provides students the auton-
omy to learn, explore, and investigate throughout the learning process by encouraging
them to do projects. As an instructional method, project-based learning is a student-
centered learning pedagogy, instructors act like facilitators of knowledge. Students face
authentic and motivating problems that require them to solve complex questions and to
develop success skills [14]. Project-based learning enhances group work and benefits
in social environment of education. It also motivates students for a greater design and
application thinking [32].

Unlike traditional classroom practices that are short and teacher-centered, project
based learning emphasizes learning activities that are long term, student-centered, and
integrated with real world issues and real life practices. Incorporation of real-world
projects into the classroom provides a unique and priceless enhancement to the educa-
tional experience [33]. Project-based learning involves a series complex tasks which
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engages students by working on open-ended projects, problem-solving, decision mak-
ing, or investigative activities. It entails creating an environment in which individuals
actively participate in the learning process and take responsibility for their own learn-
ing. It also fosters the ability to identify learning topics and the ability to find resources
and evaluate the validity of these resources. Project-based learning can also improve
learning effects, such as students’ self-efficacy, cognitive strategy usage, self-organi-
zation, positive attitudes toward task value and group work [12, 13, 34]. Similar to con-
structivism learning theory, project development process enables students to construct
their own knowledge through exploration and provides opportunities for meaningful
learning about the subjects of their study [35]. Higher-order thinking skills instead of
the mere memorization of facts can also be enhanced in project-based learning.
Project-based learning has been widely utilized in computer science courses. Pucher
and Lehner pointed out that most teachers agree that teaching with project-based learn-
ing has numerous advantages, especially in the field of computer science [36]. In addi-
tion to applying technical knowledge and acquiring practical skills in programming,
students also are able to get involved in the group project process and project manage-
ment. The study by Qidwai demonstrated that project-based learning methodology in
robotics class enhanced students’ learning motivation and achievement [37]. Lara
(2019) used project-based learning in a compilers course and required students to work
in groups to build a complete compiler [14]. The results revealed that students were
highly motivated and capable of identifying which important skills they needed im-
provement. In order to integrate artificial intelligence and machine learning concepts to
a variety of undergraduate courses, Liao (2019) utilized various projects to be discussed
in class [38]. Project-based learning is also well suitable for courses pertaining Big Data
concepts [39]. Sillaots and Fiadotau introduced an application of project-based learning
to game design and discovered that it was useful for technical skill acquisition and re-
lationship-building [40]. In programming courses, project-based learning has been used
to address the gap between abstract programming concepts and authentic programming
tasks [41]. In order to address the wide range of students’ abilities and interests, Jazayeri
combined mastery learning with project-based learning to teach Python programming
to novice programmers [42]. It revealed that students were motivated by doing projects.
Project-based learning was also employed to facilitate interdisciplinary learning, such
as in the fields of electrical engineering, computer science and applied physics. Most
students felt that working on projects improved their ability to function on interdisci-
plinary teams and to communicate effectively [43]. In summary, project-based learning
is an effective teaching strategy for students. For this present study, it is also believed
that project-based learning would benefit K-12 teachers as they learn how to create

apps.

3 Research Purpose and Questions
The purpose of this research is for K-12 teachers to learn how to create mobile apps

by applying visual programming and project-based learning. K-12 teachers’ attitudes
toward this approach were investigated. The research questions are as follows:
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e What are the components of the apps created by K-12 teachers?

e What are students’ responses to the apps created by K-12 teachers?

o What are K-12 teachers’ perceptions of using visual programming and project-based
learning in mobile apps design?

4 Research Method

4.1 Participants

This study was conducted in one graduate course which was three hours per week.
Students enrolled in the course were K-12 teachers. Seven students comprising 5 males
and 2 females aged from 27 to 46 participated in this study. All of them had limited
programming experiences before participating in this study. K-12 teachers were taught
basic programming concepts using App Inventor. The version of AlA used in this study
was 2.0.

4.2 Procedure

First, basic programming concepts, such as variables, conditional statements, loop
controls as well as list structures, were presented during lectures and programming
practices in the first half of the course. Then, other advanced program structures or
concepts, such as procedure calls and functions, were taught to K-12 teachers in the
second half of the course. Before the end of the course, K-12 teachers were required to
design and implement app projects for the classroom subjects that they were teaching.
They started to report and discuss their app project design every two weeks from the
mid-term of the semester.

Each K-12 teacher invited 10 students to use and evaluate their apps after finishing
the app projects. One questionnaire was designed to gauge students’ opinions. Further-
more, another questionnaire was also developed aimed at examining K-12 teachers’
perceptions of using visual programming and project-based learning in app creation.
Two experts, including one elementary school teacher and one professor who taught
App Inventor, were invited to assess the content validity and relevance of these two
questionnaires. The Cronbach’s Alpha internal consistency values for the question-
naires of “Students’ responses to the apps created by K-12 teachers” and “K-12 teach-
ers’ perceptions of using visual programming and project-based learning” were 0.90
and 0.85 respectively.

4.3  Project codes analysis

The content of AlA project programs coded by the participants was further analyzed
to examine whether programming concepts were applied in app project implementation.
The program codes of each project in AIA were examined according to the following

108 http://www.i-jet.org



categories derived from programing concepts: variables assignments, Boolean state-
ments, if statements, Loop controls, Lists and Procedure calls. These categories derived
from programming concepts.

5 Research Results and Discussion

5.1  Analysis of app project components

Table 1 lists the analysis results of K-12 teachers’ app project codes. The classroom
subjects coded by these K-12 teachers’ projects include Chinese, English, history, art
and culture. Figure 1 is an example of a source visual program and final interface of the
app. The results demonstrated that K12 teachers can use multimedia to present teaching
content. Apps designed by K12 teachers contained multimedia components, such as
pictures, video and audio. The formats of the quizzes provided by these apps included
multiple selection, matching and fill-in-the-blanks. However, multiple selection ques-
tions were used frequently. During the interviews, many K-12 teachers indicated that
the coding of multiple selection questions is simpler than other question types. More
research and examples on how to design and code different question types would be
helpful to K12 teachers in learning how to design interesting quizzes in the apps.

nikegeba[T T Yo ) o eal Sl =0 . @ e
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Fig. 1. An example of a source visual program and final interface of the app

In terms of programming concepts, the results reveal that K-12 teachers applied
many programming concepts including variables, Boolean statements, if statements,
loop controls in the codes of app projects. Some advanced program structures, such as
list and procedures statements, were only used a few times. During the interviews, some
K-12 teachers pointed out that utilizing advanced program structures in coding is diffi-
cult and time-consuming for them because of their limited programming skills. They
preferred to use basic program structures to code their app projects.

1JET — Vol. 15, No. 1, 2020 109



Furthermore, after an analysis of the app projects, it was discovered that their app
projects are less complicated so that advanced program structures are not necessary for
these projects (i.e. figure 1). These results reveal that K-12 teachers, as programming
novices, usually lack confidence in their programming skills. Providing more scaffold-
ing, such as giving some programming examples or templates, may increase their con-
fidence in coding advanced program structures.

Table 1. Analysis results of K-12 teachers’ app project codes.
Grade | Target Subject [Computing concepts used in project| Multlmed_la used in Qu_lz type_s used
project in project
. . Variables, Boolean statements, if . . Multiple selec-
Ist  |Chinese (reading) statements, loop controls, lists Pictures, audio tion, matching
Variables, Boolean statements, if Multiple selec-
4th  |Culture statements, loop controls, procedures [Pictures, video, audioftion, fill-in-the-
statements blanks, matching
5th  |History Boolean statements, if statements Pictures, video, audio m)wtlple selec-
. . Multiple selec-
6th  |Chinese idioms Variables, Boolean statements, if Pictures, video, audioftion, fill-in-the-
statements, procedures statements :
blanks, matching
Variables, Boolean statements, if . . . |Multiple selec-
6th  |Art statements Pictures, video, audio tion
7th  [English Variables, Boolean statements, if Pictures, video, audio I\_/Iultlple se!ec-
statements tion, matching
oth |Art Boolean statements, if statements Pictures, video, audiojFill-in-the-
blanks
5.2  Students’ feedback of the apps created by K-12 teachers

Table 2 shows students’ feedback of the apps created by K-12 teachers. K-12 teach-
ers were required to reflect on students’ responses. A total of 70 students including 33
boys and 27 girls gave feedback about their experience using these apps. Their average
age is 11 years old. The results is showed in Table 2. In terms of the learning content,
most students felt that the learning content is readable (question 1). They thought the
learning content is interesting (question 2). The learning topic suits them (question 3).
As to the interface design of the app, most students indicated that it is easy to use (ques-
tion 4) and beautiful (question 5). Furthermore, many students agreed that the app can
boost their learning motivation (question 6). They thought the app is very practical and
it increase their knowledge (question 7). Finally, students’ were asked about their in-
tention to use these apps. Many students indicated they wanted to see the learning con-
tent in the app more times because it was quite interesting (question 8). With regard to
the quiz design in the apps, the intention to play again was a little low (question 9). The
reason might be that the mainly question type of the quiz are multiple choice questions.
Furthermore, the mechanism of the quiz was not well designed. Because there were not
many questions in the quiz pool so that the same questions were often selected again.
Students’ feedback in the open-ended question indicated that these questions in the quiz
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are not very challenging or interesting. Lack of challenge and interest might also ex-
plain low intention to try the quiz again. However, students were very willing to rec-
ommend the app to their peers (question 10).

Students’ responses to the open-ended question are summarized below:

“I think this app is very interesting!”

“There are too few questions in the quiz,; adding more questions will be better.’

“The quizzes in the app are too easy to answer, and the number of the questions in
the quizzes are too few.”

“I am very surprised that my teacher can design and implement an app like this!”

“This app is great! My teacher is so brilliant.”

s

K-12 teachers’ reflection on students’ feedback are summarized as follows:

“I am very glad that students like my app.”

“Though this app may not be perfect, I applied what I learned this semester to my
job. This app boosted my confidence in designing other digital courseware.”

“Students’ responses forced me to notice the importance of interesting content when
using app to assist learning. It also helped me to learn that interesting content design
should be taken into consideration so that apps can reach their optimal potential in
assisting learning.”

“Many of my students were very curious about mobile app programming. It encour-
ages them very much to learn about the coding of mobile apps when they discovered
that their teacher could create mobile app by himself. This effect was a little bit unex-
pected.”

The above results indicate that most students gave positive feedback to the apps cre-
ated by K-12 teachers. Most students felt satisfied with the learning content, learning
topics as well as interface design of the apps. It was noted that students' intention to
play the quizzes again was a little low (see Table 2, question 9) and we can thus assume
that the app quizzes did not interest them. In addition, only multiple selection questions
were used for the quizzes in several apps (see Table 1), which further accentuates the
fact that the quizzes were not well designed. Because there were not many questions in
the quiz pool, the same questions were often selected again. In summary, increasing the
number of quiz types and questions in the app are recommended in future studies.

Overall, students’ positive responses encourage K-12 teachers to continue to design
courseware. It’s important to note that students’ feedback also prompted K-12 teachers
to reflect further on the design of educational software. They realized the importance
of attracting students' attention when designing educational software. This experience
brought K-12 teacher’s confidence in designing other educational software for teaching
in the future.
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Table 2. Students’ responses to the apps created by K-12 teachers (N=70)

Question Strongly Agree | Neutral | Disagree SFroneg Mean
agree disagree

1. The learning content in this app is readable 81% 10% 7% 1% 0% 4.7
iZn.g'l'he learning content in this app is interest- 549 26% 11% 1% 30 13
3. The learning topic of this app suits to me 36% 43% 14% 4% 3% 4.0
4. This app is easy to use 63% 24% 11% 0% 1% 4.5
5. The interface design of the app is beautiful 41% 36% 11% 6% 6% 4.0
6. This app can boost my learning motivation 40% 31% 19% 6% 4% 4.0
7. I think the app is very practical and it in- 59% 24% 13% 4% 0% 43
crease my knowledge

8._I am willing to_ see the learning content in 57% 19% 13% 7% 1% 4.2
this app several times

Sé\lea:’r; \t/:/'!'LI;:g to play the quizzes in this app 30% 37% | 23% 6% 4% 38
;Lh(;.sla%r;] willing to recommend my peers to use 59% 23% 13% 1% 4% 43

5.3 K-12 teachers’ perceptions about using visual programming and project
based learning in app creation

Table 3 summarizes K-12 teachers’ responses in the questionnaire. First, the ques-
tionnaires were designed to gain an insight on K-12 teachers’ intention to use apps in
education. They thought apps can boost students” learning motivation, and can improve
learning achievement (question 1). The use of apps in education is a future trend (ques-
tion 2) and they are willing to use apps to assist teaching (question 3). In the interviews,
K-12 teachers indicated that they would like to created their own apps and use them in
their class. Overall, K-12 teachers have high intention to use apps in their teaching.

In terms of the learning of App Inventor, the visual and block-based programming
of App Inventor can reduce K-12 teachers’ learning load vis-a-vis programming syntax
(question 4). They felt it’s not difficult for them to learn App Inventor (question 5).
Most K-12 teachers agreed that App Inventor is suitable for novice programmers to
learn apps creation (question 6). The finding is similar to previous studies showing that
learners with limited programming background were positive about the learning of App
Inventor [28, 30, 31].

With respect to the experiences of app project implementation, K-12 teachers were
satisfied with apps created themselves (question 7). The discussion and demonstration
of their peers was useful to app design (question 8). They also thought that their app
project was worth doing though it cost them much time and effort (question 9). It gives
them much confidence when finishing their apps project (question 10). Overall, their
apps creation abilities improved after the implementation of app project (question 11).
It can be concluded that K-12 teachers responded positively vis-a-vis the learning of
AIlA programming and the app project implementation activities.

In an open-ended question of the questionnaire, some K-12 teachers indicated that
this software development process and project design was a new and eye-opening ex-
perience for them. The complete project development process, which began with app
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proposal design and app revision and ended with programming implementation, en-
hanced their understanding of project development and gave them food for thought.
Some teachers wrote:

“The app project creation experience prompted me to evaluate whether the commer-
cial educational software used in my class aligned with education theories about
courseware development, or whether these softwares were designed just to let student
have a good time.”

“Now, I realize the importance of paying attention to detailed elements when de-
signing apps. For example, | will consider whether the interface design is convenient
for learners and whether the play speed of voice file will influence the learning out-
come. These factors were never in my mind before.”

The above comments also reinforced the argument that project-based learning could
inspire deeper thinking and better decision-making. Instead of isolated knowledge, pro-
ject based learning focuses on helping people apply what they have learned in different
domains such as technical knowledge, practical skills in programming, interface design
and multimedia courseware design [36, 44]. In others words, project implementation
experiences enabled K-12 teachers to bridge the gap between theory and practice,
helped them familiarize themselves with the process of creating apps, and boosted their
confidence in creating their own apps for their teaching curriculum.

Table 3. K-12 Teachers’ responses of questionnaire and results (N=7)

. Strongly . Strongly

Question agree Agree | Neutral | Disagree disagree Mean
1. T agree that apps can foster students’ learn-
ing motivation or can improve learning out- 43% 57% 0% 0% 0% 4.43
come
tZF.GIQe use of apps in education is a future 43% 57% 0% 0% 0% 4.43
3. 1 am willing to use apps to assist teaching 57% 43% 0% 0% 0% 4.57
4. The visual and block-based programming of
App Inventor can reduce K-12 teachers’ learn- | 43% 43% 14% 0% 0% 4.29
ing load vis-a-vis programming syntax
t56rlt s not difficult for me to learn App Inven- 43% 57% 0% 0% 0% 443
6. APP Inventor is sulhtable for novice pro- 29% 71% 0% 0% 0% 429
grammers when learning app creation
;;nigzigf;tlsfled with my app project imple- 43% 43% 14% 0% 0% 429
8. The discussion and demonstrayon_ of my 71% 29% 0% 0% 0% 471
peers was useful to me when designing apps
9. | think the app project was worth doing o 0 o o o
though it cost me much time and effort 57% 43% 0% 0% 0% 4.57
;Lr?e ;Sglgreé}erztuch confidence when | finished 570 43% 0% 0% 0% 457
11. Overall, my app creation ability improved 0 0 o o o
after the implementation of the app project 43% 57% 0% 0% 0% 443
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6 Conclusion

With the advancement of technology in recent years, using mobile apps to facilitate
teaching is popular. Many teachers in this study also agreed that apps can bring positive
impact for students. Though K-12 teachers know the benefits of using apps to facilitate
learning, how to develop apps by programming is difficult for them. Hence, considering
that K-12 teachers usually have little programming background, levelling the learning
curve of programming is important. In this study, visual programming language and
project-based learning were utilized to help K-12 teachers create apps. App Inventor,
which is one visual programming language, was selected to teach K-12 teachers how
to develop apps. Basic programming concepts were taught first; project-based learning
was then applied to facilitate apps creation.

In summary, K-12 teachers were able to design usable apps through visual program-
ming language and project-based learning. All K-12 teachers successfully created apps
for the classroom subjects that they were teaching. K-12 teachers utilized many multi-
media components in their apps, such as pictures, audios and videos. Many program-
ming concepts, including variables, boolean statements, if statements, loop controls,
were also used in the app projects even though more advanced program structures, such
as list and procedures statements, were only used a few times. Additionally, many stu-
dents responded positively to the apps developed by these K-12 teachers. Most students
felt satisfied with the learning content, learning topics as well as interface design of the
apps though many quizzes in the apps did not interest them. Consequently, it could be
said that students thought these apps were of acceptable quality.

Furthermore, results reveal that K-12 teachers welcomed the creation of apps by vis-
ual programming and project implementation and they appreciated learning how to use
App Inventor to create apps. They thought that the visual and block-based programming
of App Inventor can level the learning curve via-a-vis programming syntax. These app
project implementation experiences can enable K-12 teachers to bridge the gap between
theory and practice. Project-based learning promotes deeper thinking and better deci-
sion-making and also provides opportunities for peer interaction and encouragement.
The experiences in this study can be a reference for future teaching of App Inventor
programming for K-12 teachers.

Though this research has demonstrated the aforementioned positive results, there are
several limitations in the current study. Many K-12 teachers appreciated the opportuni-
ties to interact with peers and the course instructor during the project development pro-
cess. K-12 teachers, however, were limited to discussing the project content design and
sharing their experiences of project coding during class time due to geographical and
time constraints. Furthermore, the number of K-12 teachers were few because the class
was small. App project creation through teamwork may be helpful in increasing project
quality and diversity because members can collaborate to create better apps and solve
more complex problems. Due to the limited number of K-12 teachers in this sample
study, independent work projects were adopted instead.

Based on the above considerations, future research can consider creating online
learning communities and thus provide meaningful interaction without the limitations
of time and space. Additionally, more K-12 teachers with different backgrounds may
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be invited to participate in future studies to diversify research results. The development
of relationship-building skills and communication skills during the app project creation
process is also worth investigating. Finally, project creation through teamwork, as op-
posed to independent work project, could be considered as an alternative in future stud-
ies.
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