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Abstract

The purpose of this study is to use Squeak etoys and Arduino to design education activities so that middle school students
can learn the object-oriented paradigm, and assess how usable the education activities are at the level of middle school
students. As for education activities, learning methods, such as imitating, modifying and creating, were introduced.
Usefulness assessment was divided into a cognitive domain and a definitional domain before the assessment tools
were developed. An object-based programming class for 11 middle school students was then conducted and the results
analysed. Positive results were confirmed in both the cognitive domain and the definitional domain. The results of this
study are meaningful in that the possibility of object-oriented education was discovered for middle school students as well.
Also, considering the sequence of object-oriented education, it was found that it is necessary to develop object-oriented
programming education at the level of both elementary and high schools.
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1. Introduction.

In programming languages, which have continuously
developed, the paradigm has been shifting from
procedure-oriented languages to  object-oriented
languages. Java, one of object-oriented languages, is the
programming language most frequently used around the
world' Currently, programming languages, which started
from the procedure-oriented paradigm, also support the
object-oriented paradigm. Due to the paradigm shift in
programming languages, object-oriented programming
languages are included in programming-related education
courses at universities?.

Object-oriented programming, which is leading
the paradigm shift, is too difficult for novices to learn
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at universities or high schools despite its numerous
advantages’. Most education about object-oriented
programming languages covers everything from design
to implementation of object-oriented programming
languages over a one-year period. As students learning
programming languages for the first time have difficulties®,
students who are learning object-oriented programming
language are experiencing similar difficulties®. For
instance, object-oriented programming learners must
first understand the object-oriented paradigm®”.
Researchers who realized the importance of
understanding the object-oriented paradigm suggested
that object-oriented analysis and design should be taught
first before coding®®. In other words, learners need to first
understand the characteristics and overall usage of the
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language before learning a new language. Interestingly
and in order to facilitate this, studies on using card-
type games to teach the object-oriented paradigm first
were conducted®”. In object-oriented programming
courses, object-oriented design is a matter of perspective
from which to view the surrounding environment.
Perspectives can be sufficientlylearned before professional
programming techniques are learned. As the object-
oriented paradigm is similar to the perspective from
which people understand the surrounding environment,
it is possible in the basic thinking process that learners
can learn before acquiring professional knowledge'.
Accordingly, it is necessary to adopt a learning method
to facilitate initial learning of the basic thinking process
for elementary school grades and gradually increasing
levels. Programming languages and education methods
are necessary so that an appropriate object-oriented
paradigm can be learned by middle school students. If
learners’ cognitive burden can be reduced, novices will be
able to easily absorb programming education in general.
Object-based programming languages in the object-
oriented paradigm were affected by the learning-by-
example type of learning method that can reduce learners’
cognitive burden''. Object-based languages copy objects
as prototypes. For example, Squeak Etoys, an object-
based programming language, provides a tile-based visual
coding method as well as a prototype method. The visual
method enables novices to easily learn programming'?.

This study used both Squeak Etoys and Arduino
to design educational activities so that the object-
oriented paradigm can be learned at an early school
age. The purpose of this study is to assess the usefulness
of educational activities that were conducted in a way
suitable for the grade level of students.

1.1 Research Question

The overarching research question of this study is, “Will
object-based programming education activities utilizing
Arduino be useful to learners?” More specifically, it is
whether it will help learners learn the object concept,
whether it satisfies learners’ expectations about learning,
and whether it triggers learning engagement and
maintains learning endurability. These research questions
were used to check whether the knowledge necessary for
learning object-oriented programming can be obtained.
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2. Background

2.1 Object-based Programming and Physical

Etoys
Object-oriented programming languages can be
classified into class-based languages and object-based
languages. They originally started with a programming
language named Self, and is supported in languages
such as Javascript and Lua. Object-based programming
refers to a programming environment that does not
support succession or polymorphism in object-oriented
programming, and can use limited types of objects™. Also,
in a similar sense, it is also known as prototype-based
programming, and refers to programming languages
that can use the operating mode of objects through the
duplication process as they do not have class and use
objects as prototypes'.

Physical Etoys is an object-based programming
environment that novices can easily use '°. Physical Etoys
can put together programming codes in a tile script
mode by adding objects, which can be connected to
Arduino or Etoys, which are educational programming
environments. It is possible to express the relationship
between objects necessary for solving problems by using
various component objects.
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Figure 1. Physical etoys interface.

If Physical Etoys is used for learning, it is possible to
reduce errors in connecting components by connecting
components that can be connected in Physical Etoys first
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before actually connecting Arduino and components.
It is also advantageous for adding multimedia objects,
provided by Etoys, to create rich projects.

2.2 Arduino

Arduino is a single board micro controller invented by the
Interaction Design Institute Ivrea in Ivrea, Italy’®. Arduino
can be used to control devices like LEDs and motors by
receiving data from input devices like illumination and
switches sensors, and processing it through its micro
controller.

Figure 2. Arduino board.

Arduino can be used to create various types of
physical computing products that can interact with the
surrounding environment. Arduinos advantages are
low price, small size, open source-based scalability, and
the ability to quickly make prototypes. Arduino quickly
became popular among media artists as a tool for creating
interactive works of art atalow cost, but as it was developed
and became widespread among professional developers
or geeks, its popularity also spread among the DIY (Do it
yourself) and maker movement communities. As a result,
Arduino has recently been influencing industries like
3D printers and IoT (Internet of Things), and affecting
programming education and robot education as well.
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The programming environment for Arduino control is
Arduino IDE. One of the popular features of Arduino is
that it is possible to utilise the Arduino control library in
various programming languages like C, Java, Python and
Processing"’.

2.3 Usefulness Assessment

Janet Read and MacFarlane (2000) developed the Fun
Toolkit as a tool for collecting opinions on technology
utilization education and usefulness data from young
learners'®. Read and MacFarlane introduced the 1%
version in 2000, the 2" version in 2002, and the 3" version
in 20082,

The Fun Toolkit measures learners expectations,
engagement and endurability to measure usefulness of
education by measuring how fun the education was to
young learners'®. The tool for measuring expectations
is the “Smileyometer” which is a 5-point Likert scale
that uses five smileys especially designed for children.
This tool asks, “How high are your expectations?” about
educational activities to which learners choose one of the
illustrations corresponding to “awful,” “not very good,
“good,” “really good” or “brilliant” The Fun Sorter is the
tool for measuring the relative fun of learning activities.
This tool lists the learning activities of learners from
best to worst in response to questions like “worked the
best” and “liked the most.” Lastly, the tool for measuring
endurability is the Again-Again table. The Again-Again
table asks “Would you like to do this again?” with regard
to educational activities (activity or product) to which
learners choose “Yes,” “Maybe” or “No” This tool’s
advantage is that learners can check the endurability
of their learning based on quick answers without any
cognitive burden. The advantage of the Fun Toolkit is
that young learners can easily understand questions and
quickly answer surveys.

3. Methodology

3.1 Research Design
The design of this study is the one-group pretest-posttest
design.
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3.2 Participants

Twelve freshmen and juniors in middle school were
recruited in advance for participation in classes. Eleven
of them were male and one was a female. The classes were

given from May 19, 2014 to May 30, 2014.

3.3 Programming Class Design
The object-based programming class model is as follows:

Table 1. Learning type
Learning type Explain
Learning by Imitating Learners imitate examples of object-based programming to learn about objects and
how to use them.
Learning by Modifying szlsed on the basic. examples. of object—based' pr'ogram.ming, learners mO('lify the at-
tributes and functions of objects, then add similar objects for programming.
Learning by Creating Learners utilise the programming examples they have imitated and modified so far to

design and develop new programs.

The object-based programming class was given for 2
hours a day for a total of 12 hours. The contents of each
class are shown below:

Table 2.  Activity plan

3.4 Instruments
The tool for assessing the usefulness of the object-based
programming class consists of the cognitive domain

Day Learning type Contents Hour
Outputting (LED)
Basics of electronic circuits (output) 2
Learning by Concept. of objects and relationship
1~3 Imitating Outputting (LED) 5
Making traffic lights
Using a button to control traffic lights 5
Basics of electronic circuits (input)
4 Learning by Utilising sensors (light, temperature) 5
modifying Etoys multimedia object
56 Learning by Project Design
" Creating Project Development 2

Figure 3. Activity of object-based programming class.

and the affective domain. For the cognitive domain,
researchers developed preliminary and follow-up
questions in a way fit for the objective of the object-based
programming class. For the affective domain, the fun
toolkit for measuring the usefulness of the class based
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on the element of fun was reconfigured to fit the level
of middle school students and the contents of the class.

The cognitive domain was divided into Learning
Achievement and Learning Endurability.

Learning  Achievement assesses the students
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Table 3. Cognitive domain assessment method

Sub domain Assessment method

Learning Achievement 1) Abstraction concept: whether the definition of abstraction is understood

2) Object relationship (1): whether the inclusion relation between higher objects and lower objects is

classified

3) Classification of object attributes and methods: whether the concepts of attributes and methods are

classified

4) Object relationship (2): whether the roles of objects are classified in the system
Learning Endurability 1) Recording what learners remember about what they learned as keywords

2) Picking two of these keywords and explaining them

understanding of the attributes, functions and
relationships between objects, and the objectives of the
object-based programming class by asking questions.
There are a total of four questions assessing the object
concept. Two sets of questions for assessing the object
concept were developed so that they could be used for
pre-testing and post-testing.

Learning endurability is the degree to which students
could remember the contents they enjoyed. To asses
this, this study measured how much of the object-based
programming class the course learners remembered one
month after it finished, which is long enough for memory
to decay.

The subdomains of the affective domain are Learning
Expectation, Learning Engagement and Learning
Endurability.

Table 4. Affective domain assessment method

Sub domain Assessment method

Learning 1) Expectations for today’s class
Expectation 2) Expectations for next class

The observation teaching assistant observes

Learning X . . . .
learners’ positive and negative attitudes in
Engagement
class.
. 1) Do you want to learn it again?
Learning

Endurability iznli? you want to learn more in-depth con-

Learning Expectation refers to how much the learners
expected from the classes. Before and after each class the
learners were surveyed for their expectations on a scale of
1 to 10 with a higher score indicating higher expectations.

Learning Engagement measures how actively the
learners participated in the class. The teaching assistant
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was assigned the task of observing the positive and
negative attitudes of learners and measuring them. A
positive attitude means that learners asked questions
related to the class and/or helped other learners frequently.
A negative attitude means that learners chatted oft-topic
with other learners, and/or did not pay attention to the
class, or otherwise did not show any interest in the class.
In this study, two teaching assistants observed 6 learners
each, and measured their learning engagement.

Learning Endurability measures how much learners
want to learn again what the Fun Toolkit suggests.
To measure learners’ learning endurability, this study
measured how much learners want to learn again the
contents of the Fun Toolkit’s Again-Again Table and in-
depth contents on a 5-point Likert scale.

4, Result

In this study, 12 learners participated in a special class,
but the results data of only 11 learners who participated
in all classes was analysed.

4.1 Cognitive Domain
4.1.1 Learning Achievement

Before and after each of the object-based programming
classes, learners answered questions to help assess their
learning of the concepts involved. A total of 5 questions
were asked to assess the object-based programming
concepts. Each question has 5 points and the total score
being 20 points. The average score for the pre-test was
8.18 while the average score for the post-test was 14.55
points, an increase of 6.36 points.
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Figure 4. Difference in the average scores of the Pre-test
and Post-test by question.

4.1.2 Learning Endurability

To assess learning endurability in the cognitive
domain, this study measured how many keywords
learners remembered one month after the class, and
if they can explain certain keywords well. On average
learners remembered 7.71 keywords among which they
remembered, again on average, 1.14 keywords directly
related to the objective of the object-based programming
class, such as object and attribute. Learners corectly
explained all the keywords they selected. In particular, all
of them were able to explain objects and the attributes of
the objects correctly.
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Figure 5. Learning endurability survey.
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4.2 Affective Domain

Learning expectation, learning engagement and
learning endurability were assessed during and after
each of the object-based programming classes.

4.2.1 Learning Expectation

To measure expectations
about the class were measured before each class, and
expectations about the next class were measured after
each class. The degree of expectations was measured on
a 10-point scale. The results from a total of 12 learners

learning  expectation,

were averaged as follows:
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This study measured middle school students’ ability
to learn object concepts. Among the object-based
programming classes, the pre-class expectations were
higher than the expectations about the next class in the
imitation and project design classes. For the imitation
class, expectations about utilizing the examples they
learned and expectations about actual development after
individual project design grew higher. However, the score
for expectations about the next class declined for the
example utilization class.

4.2.2 Learning Engagement

To measure learning engagement, two teaching
assistants observed the class and recorded the frequency of
positive and negative attitudes of the learners during each
class. They found that, in the modifying class on day 4,
learners’ learning engagement was highest, whereas in the
project development class on day 6, learning engagement
was lowest. In the modifying class, learners use the
examples they learned to modify attributes and functions,
and in the class for adding new objects, learners’ interest
and curiosity were stimulated. In this course, it seems that
learners’s positive attitude was reinforced through various
kinds of questions and assistance among fellow students.

B Positive B Regalive

1 Day I Day 1 Day al'h,- "":I'.'(

Figure 7. Frequency of learning engagement
measurements by class day.

4.2.3 Learning Endurability

To measure learning endurability one month after the
course, questions about whether learners want to learn the
educational contents again were asked. Out of a possible
5 points, the average score was 4.43. Learners chose items
(I want to learn again) above 4 points. The average score
on the question asking whether they want to learn more
in-depth contents was 4.71 points.
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5. Discussion and Conclusion

For this study an object-based programming class for
teaching the object concept to middle school students
was designed and the usefulness of the class was assessed.
To this end, first, the object-based programming class was
designed in such a way as to motivate learners and reflect
the effective programming class model. Next, the class
was given. Then the usefulness of the class was assessed
through direct observation and both a pre-test and post-
test.

The results of this study can be summarized as
follows: First, the object-based programming class
was thought to be useful in cognitive terms. To assess
usefulness in cognitive terms, this study measured how
much improvement learners showed with regard to the
assessment questions before and after each class, and how
much they remembered what they learned one month
after the class. The results showed a 6.36 point average
increase from the pre-test to post-test. Also, one month
after the course learners were able to remember, on
average, 7.71 keywords, and correctly explain 2 of them.

Second, the object-based programming class turned
out to be useful in definitional terms. To assess usefulness
in definitional terms, learning expectation, learning
engagement and learning endurability were measured. On
a 10-point scale, pre-class expectations were 8.77 points on
average, and expectations about the next class were 8.49
points on average. In the imitating class and the project
design class, expectations about the next class were higher
than the pre-class expectations. To measure learning
engagement, two teaching assistants observed learners in
class who found that a positive attitude was observed 38.7
times on average, while a negative attitude was observed
4.8 times on average. To measure learning endurability,
learners were asked one month after the class whether (1)
they wanted to learn the class again and (2) whether they
wanted to learn more in-depth contents. The follow up
session was conducted using a 5-point scale. The average
score for the first question about whether they wanted to
learn again what they had learned was 4.43 whereas the
score for the second question concerning learning more
in-depth contents was 4.71 on average. In other words,
students were very positive about this class.

In  programming  education, object-oriented
programming education is given only to college students
or high school students. Looking at previous studies, most
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studies suggested effective methods of object-oriented
education for college students or developed programming
languages fit for education®**'. However, this study found
that object-oriented programming education requires an
understanding of the basic concept of objects and learning
at a high level of abstraction. Accordingly, this study is
meaningful in that it found that it is possible for students
to sufficiently learn object-oriented programming at an
early age.

Based on the results of this study, it will be necessary
to ensure that more middle school students can receive
object-based programming education. Considering the
sequence of progression required it will be necessary to
develop object-oriented programming education courses
for different levels ranging from elementary schools to
high schools.
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