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Abstract— Considering the declining enrolling in computing
fields and the increasing demand in STEM disciplines, innovative
methods should be employed to attract students in computing
disciplines. MIT Scratch and App Inventor for Android visual
programming environments are two such approaches. This is a
comparative study to investigate any differences in the transition
of students’ motivation to learn programming using Scratch and
App Inventor for Android in K-12 educational settings. Intrinsic
goal orientation, task value, control of learning beliefs and self
efficacy were found to be increased using these two entry-level
learning programming environments from the beginning to the
middle of the course. No effect on extrinsic motivation was found.
Evaluating the transition in motivation throughout the whole
course period for both environments (work in progress) will have
an impact on educators to retain students’ interest in
programming and improve their attitudes towards computing.
Keywords— computer science education, programming,
curriculum, motivation, computer languages, AppInventor, Scratch

I.

INTRODUCTION

Due to the increasing diffusion of technology in all aspects
of our living, we are facing an increasing demand in STEM
(Science, Technology, Engineering and Mathematics)
disciplines. According to the American Bureau of Labor
Statistics, there will be 9.2 million jobs in STEM fields in the
US, by 2020. Half of those jobs will be in computing or
information technology [1]. According to Cedefop, the
European Centre for the Development of Vocational Training,
there will be a growing demand in STEM professionals in
Europe, especially in the ICT field, for the following years [2].
However, despite the growing demand on high skilled
computing professionals, there is a diminished interest in
computing and a decreasing enrollment in CS majors [3]. It is
of great importance to excite student’s interest about STEM
and computing careers from their early stages in education.
Computing is not only an important discipline itself in our
today’s ICT driven society but it is integral to all engineering
disciplines. Therefore all students need to be motivated in order
to learn the basic computer science principles. It is quite
difficult though to trigger and maintain student motivation to
learn how to program. A variety of programming environments
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have been used to teach entry level programming ([4], [5], [6]).
Some of them e.g., Alice, Scratch, Greenfoot, Lego
Mindstorms, App Inventor for Android, manage to engage
students and improve their attitudes towards Computer Science
and Computer Engineering ([7], [8], [9], [10], [11]).
The present study examines the effect of two of these entrylevel learning programming environments, namely Scratch and
App Inventor for Android (AIA) on the transition of K-12
students’ motivation to learn programming during a course
period. Understanding how students’ motivation progresses
throughout the course could help educators to determine how
to best utilize the two programming environments in the
classroom in order to retain students’ motivation.
I.

BACKGROUND

A. Scratch
Scratch is an educational visual programming environment
developed by the MIT Lifelong Kindergarten group. Since its
initial release in 2003, educators all over the world have been
using it successfully to teach basic CS concepts. Scratch is a
programming environment that offers great support to spark
interest among young students towards programming ([12],
[13], [14], [15], [16]). It allows program creation by embedding
programming blocks in a visual drag and drop programming
environment with built-in graphics creation and sound editing
capabilities. It supports novice users and especially youngsters
to create animated stories, multimedia presentations, games,
simulations and other interactive projects. Students also have
the option to share their creations on the web through the
Scratch online community. New programmers, working on
meaningful projects, learn programming, computational
thinking, reasoning creatively and working collaboratively.
B. App Inventor for Android
App Inventor for Android (AIA) is a relatively new visual
educational programming environment for creating Android
mobile apps by combining programming building blocks. It
was originally part of a Google pilot program and now it is
maintained by the MIT Center for Mobile Learning. AIA has
two main components: a designer window where the student
builds the user interface and a blocks editor window where the
application logic and behavior can be programmed. The

application can be tested on a PC emulatorr or directly to an
Android mobile phone. AIA can effficiently support
introductory level courses at K-12 and colllege levels ([17],
[18], [19]).
The authors have chosen Scratch and AIA in order to
examine their effects on student’s motiivation (as being
promising to engage students) because theey share the same
basic programming interfaces (drag enabbled programming
building blocks) and pedagogical principlees. They are both
object oriented and event driven environm
ments with a low
threshold entry to programming. They arre both based on
constructionist learning theories where learnning is treated as a
process of knowledge reconstruction by the individuals rather
fr
the instructor
than as a simple knowledge transmission from
[20].
II.

METHOD

A. Participants
The participants are 38 students, 19 maales (50%) and 19
females (50%), enrolled in an introductoory programming
course, in a Greek senior-high school. The average
a
age of the
students is 16.4 years old. All students have had a very little
experience in programming· they all had taaken a computing
class, two years ago, where they had a veryy short exposure to
primitive programming principles (e.g. sequeential execution of
simple commands to draw simple geometriccal shapes) using a
Logo-based environment.
The participants were randomly assignedd into two groups
(classes). The control group consisted of 18 students, 8 males
(44.5%) and 10 females (55.5%) and the exxperimental group
consisted of 20 students, 11 males (55%) andd 9 females (45%).
In the control group (the Scratch class) the programming
environment used is Scratch and in the experrimental group (the
AIA class) is AIA. Both groups encounteredd Scratch and AIA
for the first time.
B. Course description
The course is an introduction to progrramming for nonmajor senior high school students. The classses have the same
instructor (a CS educator expert) and are met
m twice a week.
Programming concepts such as sequential execution,
l
conditional
concurrency, event handling, Boolean logic,
statements, iteration-looping, variables, procedures, user
b taught to both
interface design, sound and sensors will be
classes with the same sequence wheneever possible. A
constructionist approach with learn-by-makking or learn-bydoing practices is the pedagogical underpiinnings under the
programming environments used [20].
m Based Learning
Our instructional approach is Problem
(PBL). In PBL students try to solve authenticc problems with an
inquiry approach ([21], [22]). Under thee PBL approach,
students develop problem-solving and selff directed learning
abilities [23] while their learning motivationn is increased [24].
Before the beginning of the course we have
h
conducted a
diagnostic test about programming in both groups
g
in order to
evaluate any pre-existing programming knnowledge. Similar
formative assessments are conducting duringg the classes. After
completing the basic principles, towards the end of the course,

students will work on a final prroject and a final assessment will
follow. All assessments were deesigned by the course instructor.
C. Motivated Strategies for Leearning
In order to measure the mottivation of students, we used the
Motivated Strategies for Leaarning Questionnaire (MSLQ)
developed by Pintrich, Smith, Garcia, and McKeachie [25], a
widely used instrument for inveestigating self regulated learning
strategies. Two sections compprise the MSLQ, a motivational
section and a learning strateggies section. The present study
considers only the two of the three dimensions of the
motivational section: the value components (intrinsic goal
orientation, extrinsic goal oriientation, task value) and the
expectancy components (controol-beliefs, self-efficacy).
The MSLQ uses Likert-typpe scale questions (1 = strongly
disagree, to 5 = strongly agree) to measure students’
motivational orientations. Sinnce self regulated learning is
context specific [25] and our purpose is to measure motivation
in the specific context of leaarning programming the survey
questionnaire is directly definned in the context of specific
subject (programming). For example, a self-efficacy item is “I
believe that I am able to leaarn well how to program”; an
intrinsic motivation item is “Even when completing the
assignments does not guarantee that I get a good grade, I still
love to complete them”.
D. Research design
In order to evaluate the impact of Scratch and AIA on
students’ motivation we implem
mented the procedure depicted in
Fig.1.

Fig. 1 Researcch Procedure

Stage 1 has been implemeented so far and stage 2 is in
progress. The MSLQ was admiinistered two times during stage
1: once before students got
g
introduced to the new
programming environments at
a the beginning of the course
(pre-MSLQ) and one more tim
me after 7 weeks (mid-MSLQ).
The pre-MSLQ reveals pre--existing level of motivation
towards programming beforee students get introduced to
Scratch and AIA and the mid-MSLQ reveals the motivational
levels in the middle of the couurse respectively. It is scheduled
to be administered one moree time during Stage 2, after 8
weeks, when the course finishhes along with the final exam

(post-MSLQ). These three motivational snapshots will give us
the opportunity to examine motivation progression throughout
the course and compare the motivation between the two
groups (Scratch group and AIA group). Before the beginning
of the course we have conducted a diagnostic test about
programming in both groups (pre-test) in order to evaluate any
pre-existing programming knowledge. After completing the
basic principles, towards the end of the course, students will
work on a final project and a final assessment will follow
(post-test)
to
evaluate
course
performance.
Student performance data will be evaluated to investigate any
impact that the programming environments have on student
achievement in relation to students’ motivational levels.
III.

TABLE II.

T-TESTS FOR THE FIVE MSLQ SUBSCALES FOR THE
SCRATCH GROUP (N = 18)

Scales
Intrinsic Goal
Extrinsic Goal
Task Value

RELIABILITY ANALYSIS USING CRONBACH
ALPHA MEASURE
Pre-test

Intrinsic Goal
Extrinsic Goal
Task Value
Control of
Learning Beliefs
Self-Efficacy

3.76 (0.67)

4.20 (0.87)

17

3.80**

4.04 (0.45)

4.05 (0.42)

17

0.35

3.71 (0.66)

4.24 (0.85)

17

3.29**

Control of
Learning Beliefs

3.62 (0.98)

3.79 (1.00)

17

2.35*

Self-Efficacy

3.73 (0.69)

4.16 (0.79)

17

4.99**

Table 3 shows mean values, standard deviations and t-tests
for the five motivational sub-scales for pre-test and mid-test for
the AIA group. There is a positive impact on motivation for the
intrinsic goal orientation (d = 0.94), the task value (d= 1.45),
control of learning beliefs (d = 0.16) and self-efficacy (d =
0.61) subscales for the AIA group. No significant difference
was found for extrinsic goal orientation.
TABLE III.

T-TESTS FOR THE FIVE MSLQ SUBSCALES FOR THE
AIA GROUP (N = 20)
Mean (SD)
Pre-MSLQ
Mid-MSLQ

df

t

3.69 (0.61)

4.26 (0.59)

19

4.85**

4.04 (0.75)

4.08 (0.74)

19

1.32

3.64 (0.79)

4.92 (0.96)

19

6.61**

Control of
Learning Beliefs

3.49 (0.87)

3.63 (0.85)

19

2.82*

Self-Efficacy

3.72 (0.59)

4.11 (0.68)

19

4.67**

Scales
Intrinsic Goal

Scales

t

* p < 0.05, ** p < 0.01

The internal reliability coefficients for the MSLQ subscales
for both groups for the pre-test as well as the mid-test were all
satisfactory. Table 1 shows estimated Cronbach’s alpha values
for all subscales for both tests.

Scratch
group
N = 18
0.74
0.68
0.85

df

DATA ANALYSIS

Before the beginning of the course, ANOVA tests showed
no significant difference, at the p < 0.05 level, for both the
Scratch and the AIA groups on intrinsic goal orientation
(F(1,36) = 0.118, p = 0.731), extrinsic goal orientation
(F(1,36) = 0.001, p = 0.976), task value (F(1,36) = 0.076, p =
0.785), control of learning beliefs (F(1,36) = 0.593, p =
0.446) and self-efficacy (F(1,36) = 0.004, p = 0.950).

TABLE I.

Mean (SD)
Pre-MSLQ
Mid-MSLQ

Task Value

Mid-test

0.77
0.71
0.87

Scratch
group
N = 18
0.75
0.63
0.84

AIA
group
N = 20
0.81
0.69
0.88

0.69

0.71

0.67

0.70

0.78

0.71

0.76

0.83

AIA group
N = 20

Extrinsic Goal

Mean values and standard deviations as well as t-tests for
each motivational subscale were estimated in order to evaluate
the impact of the Scratch programming environment upon
student motivation. Table 2 shows mean values, standard
deviations and t-tests for the five motivational sub-scales for
pre-test and mid-test for the Scratch group. Significant increase
was found regarding intrinsic goal orientation, task value,
control of learning beliefs and self-efficacy (Cohen’s d effect
sizes were respectively d = 0.56, d = 0.69, d = 0.17 and d =
0.58). No significant difference was found for extrinsic goal
orientation.
Mean values and standard deviations as well as t-tests for
each motivational subscale were estimated in order to evaluate
the impact of the AIA programming environment upon student
motivation.

* p < 0.05, ** p < 0.01

IV.

DISCUSSIONS AND FUTURE WORK

Scratch’s main feature is that it is appealing to people with
no programming experience at all [15]. AIA is considered as a
Scratch descended for mobile phones. It offers mobile
application creation that “facilitates interactions with the
world outside of the classroom” [26]. This study examines
how student motivation progresses throughout a Scratch and
an AIA course. Previous research [27] has shown that the
change of the motivation in a programming course from early
to middle was more remarkable than the change from middle
to late in the course. The present study has collected so far
(beginning to middle of the course period) the following
evidences regarding student motivation for the Scratch and
AIA groups:
1) There is an increase in intrinsic goal orientation for
both groups. The motivation to engage in
programming arises
from
intrinsic
rewards
(challenge, curiosity, mastery).
Intrinsic goal
orientation is stronger for the AIA group.

2) There is an increase in task value beliefs for both
groups. Task value refers to the students’ perception
about the material of the course in terms of interest,
importance, usefulness. Task value beliefs became
stronger for the AIA group. Due to the widespread
use of mobile devices among youngsters [28],
students perceive programming for mobile devices to
be more useful and important.
3) There is a small increase in the control of learning
beliefs for both environments. Students believe that
making more effort in programming with Scratch
and AIA would lead to better results.
4) There is an increase in self-efficacy for both groups.
Self-efficacy refers to students’ confidence that they
are able to perform well in the class.
During the second part of the study we will examine how
motivation will progress towards the end of the course.
Furthermore, gender influence on motivation will be
examined. Student performance data (pre-test, assignments
and final exam) in relation to motivational variables will be
evaluated after course completion. Also, a larger number of
participants, required for a quantitative study, will be used in a
future work.
The current study contributes to understanding the
transition in motivation to learn programming using Scratch
and AIA. Based on these findings, educators could
appropriately adjust their learning strategies to keep students
interested and engaged in programming. This may keep
students motivated towards computing and engineering
disciplines as well.
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