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At Kecskemét College a new experiment was startdebibeginning
of 2008. We examined the pedagogical effects n§ukis technology
while studying programming in a control group desd experiment:
only the test group used robots. Our hypothesistivaisthis
technology makes the way of learning more enjoyalld we can
improve both the motivation for learning and thegmramming
knowledge of our students to improve and be mopéicgble. We
measured the motivation for learning, programmietj-soncepts and
basic programming skills in the beginning and a é&md of the
semester assess results as a comparison. In tticeawe tried to
show how new toy-like devices can be used in theagion of
programming both at beginner and intermediate Igvel
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In today’s technical higher education in Hungargreat emphasis has been
put on teaching IT as well as teaching programnaing robotics. For every
student developing their programming competencexitsemely important.
Furthermore getting their algorithmic thinking amebblem solving abilities
to a higher level can be even more important. Withbese their future job
is impossible even if the task is to solve othentltertain programming
problem. Beyond learning different programming laages and
programming techniques our task is to developtasliike getting students
be able to understand and solve both theoreticlpaactical problems in
different fields.

In this article we tried to show how new toy-likevices can be used in
the education of programming both at beginner aterinediate levels. We
hope that if the syllabus is interesting, if theyved learning is enjoyable, if
the lesson is spectacular, the result is much migreficant. "The task, you
are thinking of, may seem to be simple, but if ibuses your interest it
mobilizes your inventiveness and finally you caivedt by yourself, you
can experience the excitement and triumph of egpitmn”. By using model
robots we can make teaching programming more istiageand we can also
give the students the impression of just playing.

We use two robots of LEGO, the Mindstorms RCX ahd NXT. In
college education our goal is to make studentstlikesubject with the help
of this technology at the beginning of their stgdiand towards the end of
the course, to be ableto put their programming Kedge into practice
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(including Artificial Intelligence, communication,jmage recognition,
parallel processing, swarm intelligence). To dertrans results, we also
show some simple model robots (that follows roateloks for a spotlight)
as well as more difficult ones (e.g. that playriste paper - scissors' game,
or behave like a scanner or the simple communicdietween the robots).
Applying this technology in teaching can help matign of students to
become stronger and both 'beginners’ and 'expmats‘acquire a deeper
knowledge in programming through solving problemsthwvarious
difficulties. To present the usage of one or tweld$ or to make some
creative algorithms can also be a proper theméifsertation and students’
scientific research (TDK).

At the Kecskemét College, Faculty of Mechanical iBagring and
Automation at the department of Information Teclgglthe IT students are
thaught programming in C/C++ language four lesgmrsveek, during three
semesters. Students can get enrolled in subjeel;ngevnith programming
from the second semester and they study programrduming three
semesters. In the first semester they study the bassc programming, like
different loops, branches, writing simple functipnand some more
complicated structures. In the next semester tedtkdnary file operation
and more difficult data structures are examined|enih the third semester
they get acquainted with object-oriented prograngmin

Unfortunately, together with my colleagues we hagen that students'
results are getting worse ad worse over the yeads raore and more
students have to study programming again, becaligker unsuccessful
exams. Furthermore they enjoy this subject less lasd. To confirm
empirically our experiences we made a survey.

The survey was made with 100 participants who timighed their first
semester (maybe after more attempts) (Kiss & Pgs2@06). So these
students have already had time to shape eithersdivygoor a negative
attitude to the traditional teaching of programmirig the survey we
examined students’ previous knowledge of programgmat secondary
school, to see the entry level of students, howy ¢hsy take things in
programming at the college for the first time, hawch they like the subject
and how important do they think programming forittieture career.

The survey showed that students entering into higtaication have
different levels of knowledge in programming. Feniye per cent of them
have never studied programming at all and the dbiadfris varied. Some
studied it for only one hour per week while othkesl six or eight lessons
per week for years. Of course their grades showshaents who already
had background knowledge, reached better reshiés,average grades of
students, who have not studied informatics befoss \2.86, while the
average grades was 3.31 for those who have stud@thatics before. This
difference is significant on a 95% probability levit turns out from the
survey that 60% of those who have not studied progning before failed
after the first semester while 80% of those whoehstudied it before passed
successfully. The difference is significanf € 12.95; p < 0.05) (Pasztor,
2008).

Besides these bad results, it was also embarrasngixty per cent of
students were indifferent or did not like programgiand fifty per cent did
not think that programming could be important foeit future carrier. The
mean value of the attitudes towards IT is 3.19 eadmd into the traditional
five-level scale, which is just above the neutealel. This is a bit better than
the level of attitude towards the science subjettdhe end of public
education, but not at all joyful, because studehtsse our school on account
of IT (Csapd, 2000). The high rate of failures, thed results, the weak
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attitudes made us decide to find a way for imprometmand increased
motivation. Because of these bad results and tm#ests indifference we
started to search for such new methods and teajwydlwat could help
teaching become more effective, spectacular anttreas well as make
students enjoy the subject. It is likely that thisra considerable divergence
between students’ algorithmic ability and abstattievel. Our work with
these technologies may help to develop studentittg skills (Inhelder &
Piaget, 1967/1984).

The new subject — Programming model robots

One of the devices we found was introduced in the@Al conference
(Istenes, 2004). It was a programmable robot set LBEYsO, called
Mindstorms RCX. The robot can be seen as a toyhffirst sight but with
the help of it teaching can be more interestinfgative and spectacular. A
second device we used the LEGO NXT robot set. Rrenrobot set we can
be build humanoids, animals or cars. It has mone@s and bigger memory
than the RCX, and the communication between thetsobnd the computer
is done via blue tooth. The NXT won the innovatifiest prize at the
Nirnberg Toy Exhibition in 2006. Thanks to its nesensors (sound,
ultrasonic sensor), servomotors and Blue Toothrtieckes it became very
popular (figure 1).

Figure 1. LEGO NXT Robots

A proper operating system runs in the robots wihiah loaded through
the infra red port or via blue tooth. The prograame written in C-like
programming languages called NQC or NXC. In thisglaages there are
various loops, if-then and switch-case branchesctfon with value and
reference passes, tasks and includes files likedst C-type programming
languages but its greatest advantage is that lféeling the ready-made
programs into the robot the results can be sesmally in the form of
behaviour.

After purchasing the robots, we initiated a new jsctb called
Programming Model Robots. Students can study pnogiiag with the help
of robots playfully. They work in groups and care ulse previously studied
theory in practice. During the practical lessonsewithey plan and solve
their tasks, students can work in teams. The rbleeachers changes its
inflexible practice to become rather coordinatond)o raise problems.
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Participants plan the working process, they shagdb, communicate with
each other, finally they summarize and presentréisalts together. While
doing their task they can get enough theoretical aractical experience
which can be very useful for their later career.

Beginners develop various applications during jpcactor example they
build cars and the robot cars follow a route witle thelp of two light
sensors. One of the sensors is next to the rowehenother is on it. The
other example is that the robots carry some balthe¢ end of the table and
drop it down. Both of these very simple programgemmade by students
after six-seven hours of practice. After eight anenhours of practice
students build scanners, which read in a fifty lwerity resolution a
character drawn on the paper. Then the robot redbeiread data in the text
file.

Some practical applications are good examplesstiay how we can use
in practice spectacularly the previously studiegotly with the help of the
robots. For example we use the ‘Maximum choicebtiiein one of these
exercises. The robot has to choose the lightesit pdithe room before it
leaves from the corner. First it moves round anghdolooks for the right
direction then it moves towards the chosen pointirig this process, if we
hide the source of the light, the robot calibratgain and finally it finds the
lightest point. A similar problem arises when tbéot, with its temperature
sensor, seeks for the hottest part of the room.

Some students with better qualities develop mofficdit tasks. They
built humanoids or animals and the robots can comcate with each other
through their IR ports or via blue tooth. Takingettadvantage of
opportunities they can make different kinds of &atlons in which two or
more robots follow each other or play ‘stone-pagm@ssors’, or carry
something together.

Our empirical results
Our hypothesis

Our first hypothesis was that model robots can niakening enjoyable.
When students use these devices, they can experigre growth of
knowledge and the pleasure of discovery, so stsdeah get involved
deeply in work. It may increase the efficiency ediining because it operates
as a very strong motivation (Csikszentmihalyi, 200Burthermore, the
challenging power of the learning exercise can pén@al with these
devices, so it may activate their mastery motivatiovhich plays a
fundamental role in the process of developing skilbzsa, 2005).

The second hypothesis was that the motivation @nlgespecially
programming self-concept) can be improved by moolebts. The success in
problem solving within programming and in using et can affect
students’ self-concept.

As third hypothesis we formulated that we can iasesour students’
programming knowledge to a higher level and makentko be able to apply
what they learnt. For those who never learned pirogring before during
their secondary studies, the level of abstractighiwcollege education can
seem to be a bit too high at the beginning. We tdpat the model robots
can develop students’ skills at level of experien@ehelder & Piaget, 1984;
Nagy, 2000), which can lay the foundations for $hecessful acquisition of
higher order thinking skills.
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The sample and the measuring devices

We wished to support our first hypothesisly in an indirect mannewith
the examination of the frequency of students’ pgodtion. It is expected,
that if students study enjoyably with the mobilbats, then the quantity of
absences decreases.

We organized a post-test to confirm our secondthind hypothesis. It
was organized with an experimental group (41 stigderho used model
robots during the experimental semester) and araogitoup (46 students,
who were taught by the traditional methods). Almgpée members have
learnt the subject Programming | earlier. The twb-samples were chosen
in such a way that the differences between thene wet significant in the
main variables (see later in this section).

A programming test with 15 items and a questiomnaiith 17 items
were filled in by the experimental and control grod’he test measured
basic programming knowledge and skills; its religbiwas Cronbach’s
alpha = 0.72. We hope we can increase the retiahifi our measure by
some new items in the future, but we have to appiymeasuring device
which can used within a lesson.

The questionnaire contained a Likert scale answemdt with five
degree. Background data, the attitude to progragnaind the programming
self-concept of the students were measured. Th&eptevas filled out at the
beginning of the semester; the post-test was atrtdeof the semester, so the
period of development lasted three months. The gasieand questionnaire
was used for pre- and post-tests.

Results of the pre-test

The majority of the students (78%) do not have famiily members who
could help with programming at home. There is rgnidicant difference
between two sub-sampleg’(= 0.141; p = 0.71). The experimental group
and control group are similar in average numbehigh school semesters
that they learnt programming*(= 6.58; p = 0.16); 43% of our students have
not learnt programming in their high school.

We assessed our students’ programming self-cormepix Likert scale
questions. The answers were arranged into oner f@ktO = 0.86; Bartlett-
test:x* = 354.95; p < 0.001). The created factor with patage point scale
converged to normal distribution quite well. Th@gnamming self-concept
of the experimental group members was as high asahthe test group
members’ results concerning self-concept46.7 %p; x= 45.8 %p; F =
0.01; p = 0.95; t = 1.54; p = 0.13). The frequemdythe experimental
group’s and the control group’s self-concept isvahan figure 2.
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Figure 2. Frequencies of programming self-concaghe pre-test
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We could not find significant difference betweere texperimental
group’s and the control groups’ programming skilsd knowledge (x=
45.8 %p; % = 40.7 %p; F =0.91; p = 0.34; t = 1.61; p = 0.Te two sub-
samples have very similar starting parameter,ishahy we suppose that the
differences measurable at post-test are causelebgducational affects of
the new devices and methods.

Development of our sub-samples

The experimental period was only three and a halitm From the teacher’s
point of view it is an enjoyable experience whardsnts take part in course
work with a delight. Students who got enrolled lie subject Programming
model robots were absent significantly less tharséhin the control group
(x*=3.22; p=0.03).

Neither experimental group’{e = 45.8 %p; ¥ost= 49.1 %p; t = -
1.23; p = 0.28nor control group’s (e = 40.7 %p; ¥ost = 43.0 %p; t = -
1.01; p = 0.34) programming knowledge developedigantly during this
semester. The correlations between the pre-tespastetest are similarJF
0.631; ¢ = 0.618). It is possible, that the period of depehent was too
short. But we can suppose that the restructuring Hre qualitative
improvement of our students has begun. It may caaséemporary
declension in the experimental group members’ aeient.

The average programming self-concept of the congmup was
stagnating Xpre = 45.8 %p; ¥ost = 43.6 %p; t = -0.45; p = 0.p6
However, we found a significant development in &x@erimental group’s
programming self-concept fx = 46.7 %p; ¥ost = 51.7 %p; t = -2.60; p =
0.01). The difference between the two sub-samptesobservable in
frequencies of self-concept (figure 3).
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Figure 3. Frequencies of programming self-concephé post-test

This results show that new, enjoyable technology cause measurable
increase even during a short period. It is verydrtamt, because the well-
developed self-concept can strongly affect studextademic achievement
in the future. The attitudes for teachers are @i c.e= 75.6 %P; Yoste=
76.5 %p; Xre-c= 75.8 %0p; ¥ostc= 77.9 %p; the differences are insignificant),
it indicates that the effects are mainly due tortee devices and methods.

Conclusions

The new devices, such as LEGO robots give a chémceis to build
thinking in experimental level to the process aicteng and learning. The
knowledge and skill learning being founded on tivead experiences can
help in development of deeper level of abstraction.

Introducing a new device usually causes a wellwatéid situation. It is
necessary to the lasting effect beyond the direstiviattion that in order to
develop the personality and its motivational basth whe help of the
achievements and the joyful learning experiences.eamination indicates
that the mobile robots help it already on a shatadce (practically beside
identical measurable knowledge) to the developrtenfprogramming self-
concept of students and the favorable effect of ity express in the course
of the additional learning of the programming.

We're planning to repeat our experiment with a éargample in the
future, and we hope that we can present our nemtses a next article.
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