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This paper reports on the effects of a teaching tool that controls actual robots during introductory education in computer

programming among high school students. The effects of the tool were investigated bymeans of a questionnaire following

two types of experience based programming classes, namely one class that used actual robots and one that did not.

Questionnaire surveys were completed before and after the classes in order to determine whether or not the participants’

level of interest in information and communication technology had changed. Statistical analysis of the questionnaire

results showed that the use of actual robots is an effective way to raise students’ level of interest in information and

communication technology. It was found to be particularly effective among participants who liked subjects other than

science and those who had a lower level of understanding information sciences that they were taught in high school.
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1. Introduction

The last two decades have seen the rapid develop-

ment of an information-based society, supported by

information and communication technology (ICT).

Along with this development, user interfaces have

also changed dramatically from character based

user interfaces (CUIs) to graphical user interfaces

(GUIs). Although excellent user interfaces allow

most people to use ICT equipment intuitively,
such equipment remains just like a black box for

many people. Indeed, it seems to be difficult for

beginners to use a CUI in learning programming,

despite the ever younger starting age for ICT equip-

ment use. However, software that is an indispensa-

ble element of ICT infrastructure is usually

developed by typing commands in a CUI environ-

ment. Thus, in order to allow optimal human
resource development for the information based

society of the future, effective programming educa-

tion is one of today’s prime educational challenges.

To meet this challenge, a new set of curriculum

guidelines for middle and high schools (for children

aged 12–14 and 15–18 years, respectively) came into

force in Japan in April 2011. These new curriculum

guidelines were introduced in phases so as to grow
engineering talent for supporting the development

of ICT infrastructure [1, 2]. Within the curriculum

guideline of the subject Technology and Home

Economics [3], programming education has been

enhanced, with the aim of encouraging students to
become ICT engineers. For instance, a course unit

entitled ‘‘Measurement and Control through Com-

puter Programs’’ was added to the core curriculum

for middle schools. Furthermore, the curriculum

guidelines for this course unit in Japanese schools

require teachers to teach their students that proce-

dures of information processing are realized by

combinations of basic control structures, i.e.,
‘‘Sequence,’’ ‘‘Selection,’’ and ‘‘Iteration’’ proce-

dures. Moreover, the guidelines require students

to be taught how to solve problems by using

information processing procedures rather than

learning the instruction words of programming

language. In other words, understanding the algo-

rithm is regarded as more important than learning

the specific computer language in programming
education.

Against the above socio-educational back-

ground, we developed and carried out an experience

based programming class for beginner program-

mers [4]. In this class, participants tried to control

an actual robot by means of their program,

although, due to time constraints, we could not

offer them the sense of accomplishment of complete
programming. As limited class time prevented us

from teaching them how to develop programs of

control codes by C++ programming, they merely

changed a few programming variables. Thus, we

introduced a block based intuitive programming

* Accepted 28 October 2016. 575

** Current affiliation: ALL CONNECT Co., Ltd, Fukui 910-
0836, Japan

International Journal of Engineering Education Vol. 33, No. 2(A), pp. 575–587, 2017 0949-149X/91 $3.00+0.00
Printed in Great Britain # 2017 TEMPUS Publications.



environment called Scratch to resolve these issues.

We created support software by which a control

program created by Scratch is converted into the

control program of the actual robot and gave

lectures about programming experience using the

software as a teaching tool. There are many prac-

tical reports on educational effects of using either
Scratch which is one of established programming

environments for beginners or actual robots which

could obtain the participants’ attention. However,

this report includes the effects of lectures we per-

formedusing not only Scratch but also actual robots

simultaneously to improve the participants’ inter-

ests in matters relating to programming. The idea

controlling some kinds of robots via Scratch as a
common environment seems to be a unique way

because many robots used as teaching tools have

own development environment. Therefore, since

participants can choose their favorite robot to

check self-made program created by Scratch, parti-

cipants’ interests might be more heightened.

We had the participants involved complete a

questionnaire focused on their level of interest in
ICT todeterminewhether or not thiswas affected by

the use of actual robots in the class. In this paper, we

report not only the design of the class, which was

based on experience from previous work [4], but

also on its effects on the participants. In this way, we

link the present findings in the Japanese context to

those of a number of researchers across the world,

who have pointed out that the use of actual robots is
an effective tool in programming education [5–14].

The paper is organized as follows: The teaching

tool we used in the class is briefly described in

Section 2. In Section 3, we present the design of

our experience based programming lectures and the

contents of the questionnaire. Statistical analyses of

the questionnaire results are presented and dis-

cussed in Section 4. Finally, we present a conclusion
in Section 5.

2. The teaching tool

By means of the teaching tool we developed, two

kinds of actual robots, namely Micro-robot and

LEGO Mindstorms NXT, can be controlled via

programs developed with Scratch. All programs

needed for the system are installed into the

Ubuntu OS. As the Ubuntu OS is bootable from
USB memory, this system is easy to take anywhere.

A schematic view of the system is shown in Fig. 1.

The primary parts of the system are discussed in

turn below.

� Scratch: Scratch aims to develop learners’ enjoy-

ment of computer programming, and is provided

as free software by the Lifelong Kindergarten

Group [15] within the MIT Media Lab [16]1. A

feature of this software is that programs for
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1 Although the current version of Scratch is 2.0, we used the old
version 1.4, which allowed us to export a Scratch program as a
text file that could be translated to the control codes for each
actual robot using our software. Scratch version 1.4 is available
from https://scratch.mit.edu/scratch_1.4/ (Accessed 18 October
2016).

Fig. 1. A schematic view of the teaching tool.



controlling a picture image called ‘‘sprite’’ can be

constructed by combining blocks containing

instruction words, as shown in Figs. 2 and 3.
The blocks will not stick together if the user

attempts a program with incorrect grammar.

This feature allows users to develop programs

intuitively without first learning the grammar of

the programming language. Thus, Scratch is

particularly suitable for beginner programmers

[17, 18].

� The robots: Two kinds of robots are included in
the teaching tool. However, as our focus is on the

general effect of using actual robots in such

instruction, we emphasize that these are simply

examples of actual robots.

– Micro-robot: This robot is a cube of approxi-

mately three centimeters on each side, and was

used in the mixed reality league in RoboCup’s

soccer competition [19]. As RoboCup aims to
promote as well as develop robot engineering,

applications of the Micro-robot as a teaching

tool for information sciences were intended in

addition to its use in soccer games [4, 20–22].

Thus, anyone can use the basic control codes

presented by the league organizers and parti-

cipants. TheMicro-robot appears in the upper

right of Fig. 1, and its specification is given in
[4].

– LEGO Mindstorms NXT: This is one of the

most famous robots in programming educa-

tion. Thus, it can be easily obtained and has

been studied as a teaching tool for not only

programming educations [23–32] but also

Project Based Learnings (PBL) [33–35]. The

manufacturer provides the development

environment for controlling LEGO Mind-

storms NXT. However, in our teaching tool,

we use Scratch as the development environ-

ment in order to have a common interface for
both robots (or all robots if others are to be

included in future use). The specifications we

use for this robot are basically according to the

Embedded Technology Software Design

Robot Contest (ET Robocon) of 2014. The

ET Robocon is organized every year by the

Japan Embedded Systems Technology

Association [36], and is basically a line trace
competition using Mindstorms. In the specifi-

cation, movements of the robot are realized by

two wheels connected to each driving motor

and a tail wheel that prevents the robot from

turning over. Although this robot is controlled

by embedded programs in that specification,

we use the wireless control system (see the

explanation [37]) to save embedding times.
The LEGOMindstorms NXT robot is shown

in the lower right part of Fig. 1.

Note that the competitions using the above two

robots were organized at national and interna-

tional levels. It has been reported that interest in

participation in such competitions is a strong

motivation for studying programming [38, 39],

and this was our reason for using these particular
robots in this study.

� Conversion software: TheGUI software we devel-

oped forms a core part of our teaching tool. This

software converts a program made with Scratch

into a program for controlling each robot. The

conversion is realized by a matching and replace-

ment algorithm, as follows:

1. Instruction words in a text file exported from
Scratch are searched.

2. Sentences that do not correspond to control

blocks are removed and header sentences

inserted (e.g., import header files of required

functions).
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Fig. 2. Typical control blocks.

Fig. 3. Typical operator blocks.



3. If command sentences corresponding to the

control blocks are found, these command

sentences are replaced by suitable control

ones for each robot.
4. As the positions of processing blocks in the

text file exported from Scratch can be distin-

guished by the number of spaces from the top

of each line, the spaces are counted in order to

determine the effective positions of proces-

sing blocks and suitable sets of curly brackets

are inserted.

5. The control code for each robot is exported.
As the algorithm used in this software is applic-

able to any robot of which the control functions

are available, other kinds of robots can simply be

added to this system.

Our idea to make control codes for some kinds of

actual robots by common interface i.e. Scratch,

could ensure enough time to make the code without

detail explanation of grammar of programming
languages. In addition, participants can program

control codes for every robot via a Scratch environ-

ment even if the number of selectable robots which

are used to check the operation of participants’

codes are increased. This point brings educational

benefits (i.e., Reduce teaching time of grammar of

programming languages, and increase practice time

of programming) to participants and teachers.

3. Procedures

3.1 Experience based lectures

We conducted experience based lectures with high

school students aged15 to18years, onewithandone

without the use of actual robots as described above.

The majority of the participants were beginners to

computer programming. Whereas some may have

had somepersonal experience ofprogramming, they

had had no official opportunity to learn it at school.

The details of each group are given in Table 1, where
‘‘Only Scratch’’ denotes the groupwhoused Scratch

without controlling actual robots (N = 63), and

‘‘Scratch and Robots’’ indicates the group who

used Scratch and actual robots (N = 58). As the

lectures were given to the groups in class, partici-

pants carried out their programming on sharedPCs,

with four or five participants to a PC. The activities

to be conducted were explained by means of a slide

presentation, without a textbook. The design of the

experience based lecture is shown in Fig. 4.

Note that the participants in the Only Scratch
group, who did not use actual robots, learned

Scratch programming through solving exercises.

In contrast, the participants who had actual

robots available were able to see the motions of

the robot controlled by the programs they had

created, as well as doing the exercises.

3.2 The questionnaire

The participants of both groups completed a ques-

tionnaire before and after their respective lectures.
The aim was to determine the effects of the use of

robots on the level of interest in ICT among these

high school beginner programmers, as is clear from

the wording of the questionnaire items in Tables 2

and 3. For each questionnaire item, participants

were required to indicate their degree of agreement

with the given statement, with 1 = ‘‘strongly dis-

agree’’ and 4 = ‘‘strongly agree.’’ Note that the same
questionnaire items were used both before and after

the lecture, and for both groups. Thus, the results

may inform us as to changes in the participants’

levels of interest following the lectures with and

without the use of robots. Participants were also

asked to indicate their subject preferences before the

lectures, answering the question ‘‘What subjects do

you like?’’ by selecting as many of the given subjects
as they wished. The statistical analysis of the data is

presented in the following section.

4. Analysis and discussion

The participants’ responses to the questionnaire

items are given in Tables 2 and 3, for the Only

Scratch and Scratch and Robots groups, respec-

tively. Certain participants did not complete the

questionnaire in full, and their data were excluded

from the analysis. The results indicate positive

learner responses to the lecture content. In particu-
lar, over 80% of participants answered ‘‘Strongly

agree’’ or ‘‘Agree’’ for items A1 (interest in compu-

ter operation), A/B2 (importance of computer

knowledge), A/B6 (predilection for practical work

in information science classes), and B9 (enjoyment

of the class).

In terms of subject preferences, we began with a

statistical test of the significance of subject prefer-
ence to determine whether or not the two groups

(with and without the actual robots) could be dis-

tinguished.Thegroupsdifferedsignificantly in terms

of Society and Art, but no further differences were

significant, including those for science-related sub-
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jects (see Table 4). These results lead to the assump-
tion that the two groups were identical in terms of

their preferences for science-related subjects.

Under this assumption, we tested the null hypoth-

esis ‘‘For the same question, the difference of mean

scores betweenbefore andafter lectures is 0’’ and the
alternative hypothesis ‘‘For the same question, the

difference of mean scores between before and after

lectures is not 0’’ in order to determine whether or

not participants’ views about and interest in ICT
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1 We acknowledge that further work is needed to develop a suitable curriculum, including a focus on selection
procedures, as an understanding of the selection procedure and its combination with iteration procedures are absolutely
imperative to allow more complex robot control. One idea worthy of pursuit is the use of Mindstorms’ sensor, e.g., if
Mindstorms passes over a line and detects this event via his sensor, he stops moving as a result of a selection procedure.

Fig. 4. The design of the experience based lecture.



changed following the lectures. Statistical analysis
showed a significant increase for items A/B4 (inter-

est in application software) and A/B5 (interest in

computer hardware) for the Scratch and Robot

group, but no statistically significant differences for

theOnly Scratch group, as is clear fromTables 5 and

6. Thus, the use of the robots in the experience based

lectures appears to have been effective in increasing

participants’ interest in certain aspects of ICT.
Furthermore, we found a statistically significant

difference between the effect of the robots on

science-minded and non-science-minded partici-
pants (distinguished on the basis of their answers

regarding subject preferences. i.e., it depends on

whether or not the participant chose science as a

favorite subject). Specifically, the data in Table 8

show that the non-science-minded students in the

Scratch and Robots group differed significantly in

terms of A/B5, whereas the use of the robots had no

significant effect on the other students (see Tables 7,
9, and 10). Thus, this analysis indicates that the use

of the robots in these experience based program-
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Table 2. Questionnaire results: Only Scratch (N = 63)
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Table 3. Questionnaire results: Scratch and Robots (N = 58)

Table 4. Statistical significance of subject preferences across the two groups (N = 63; 58)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.



ming classes was more effective for the participants

who did not choose science, as their interest in

computer hardware increased.

Next, we considered the significance of correla-

tions across items A1–A9 and B1–B9, which reflect

participants’ responses before and after the lectures.

In Tables 11 and 12, we report the correlation

coefficients obtained for each item with an indica-

tion of bidirectional significance for the Only

Scratch and Scratch and Robot groups, respec-

tively. These tables also reflect the results of tests

of significance (non-correlation testing) with the

Kazumasa Ohkuma et al.582

Table 5. Significance (t-test) of before vs. after differences: Only Scratch (N = 63)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.

Table 6. Significance (t-test) of before vs. after differences: Scratch and Robots (N = 58)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.

Table 7. Significance (t-test): Non-science-minded, Only Scratch (N = 49)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.



null hypothesis ‘‘the correlation coefficient is 0’’ and

the alternative hypothesis ‘‘the correlation coeffi-

cient is not 0.’’ The results show a significant

correlation between the items related to the impor-
tance of computer knowledge (A/B2 and A/B7) and

that related to the usefulness of computers in the

future (A/B8). A further significant correlation is

shown in terms of interest in computers (A/B4 and

A/B5). These correlations might indicate that the

participants felt that both knowledge of and interest
in computers will be useful in their futures.

Further correlation analysis shows that responses
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Table 8. Significance (t-test): Non-science-minded, Scratch and Robots (N = 37)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.

Table 9. Significance (t-test): Science-minded, Only Scratch (N = 14)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.

Table 10. Significance (t-test): Science-minded, Scratch and Robots (N = 21)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.



to item A9, which targets comprehension of infor-

mation science, correlated significantly at the 5%

levelwith itemsB3 (interest in ICT employment), B4

(interest in hardware), B5 (interest in software), B6
(predilection for practical work in information

science classes) and B8 (future usefulness of ICT

knowledge) in theOnly Scratch group. This correla-

tion suggests that responses to these items depended

to an extent on participants’ understanding of

information science classes.

In contrast, in theScratch andRobot group, there

was no significant correlation between item A9 and
items B3–B6 and B8, as shown in Table 12. Thus, in

this group, the interests expressed in B3–B6 and B8

did not depend on the participants’ understanding

of information science classes. In addition, Fig. 5

shows that the answers ‘‘Strongly agree’’ and

‘‘Agree’’ were most likely in this group for items

B3–B6 and B8, regardless of responses to item A9.

Thus, it is possible that the recognition of the

importance of ICT did not depend on these Scratch

and Robot participants’ level of understanding of

information science classes.

The above discussion suggests that the use of
actual robots in programming classes for students

such as these high school beginner programmers

may be effective in raising their interest in ICT,

irrespective of their learning interests and informa-

tion science background.

5. Conclusion

The teaching tool allowing the control of actual

robots via Scratch was developed in the present

study to allow participants to feel a sense of accom-

plishment in programming in a limited time. Using
the teaching tool, we performed two kinds of

experience based programming lectures among

high school learners who were beginner computer

programmers. One class used only Scratch and
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Table 11. Correlation coefficients across all items and significance (t-test): Only Scratch (N = 63)

Double asterisk (**) and single asterisk (*) indicate significance at 1% and 5% by significant testing.



controlled only sprites via their programs.The other

used Scratch and actual robots, controlling both the

sprites and the robots. In order to determine any

changes in participants’ ICT interests and concerns

in the two groups, questionnaires were completed

before and after the lecture. Statistical analysis of

the questionnaire data showed that the use of actual

robots in the programming class was effective for

the participants, especially for the non-science-

minded students (who did not choose science as a

favorite subject in the questionnaire), as well as

those who had a different understanding of infor-

mation sciences that they were taught in high

school.
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Fig. 5. Relationships between responses before lectures to item A9 and responses following lectures to B3, B4, B5, B6, and B8. The
horizontal and vertical axes denote the scores for these items and the number of respondents, respectively.



Thus, we achieved our goal of improving the

participants’ interest in ICT by offering the intro-

ductory class including practical work with control

of actual robots by Scratch. Our findings recon-
firmed those of other researchers regarding the

effectiveness of such use of robots in beginner

classes for computer programming.
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