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Abstract: Educational usage of the robotics ha®lacated recently because of educational potenfial
robotics has been recognized by educators and g@dpubf international robotics tournaments. Many
university and schools prepare technology and icbotelated summer schools for children. LEGO
Mindstorms NXT is the most popular and commonlydusgbotics set for educational purposes. Thesetrobo
sets rooted to Seymour Papert's LOGO studies whibe much influence Instructional Technology in
1960'’s. This study aims to present a literaturéesgwon educational potential of LEGO Mindstorms NXT
robotics sets. Robotics mainly used in educatiorsf@ipporting the STEM (Science, Technology, Enginger
and Mathematics) education. Most of the relatedisturesulted with positive effects of the robotcsvities

in STEM education. Robotics also used in educationcrease some skills of the children such asodisry
learning, critical thinking and social skills.
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Ozet: LEGO Mindstorms NXT’lerin Tarihi ve giisel Potansiyeli: Robotlarin gtsel amaclarla kullanimi
giderek artmaktadir. gtimcilerin robotlarin gitsel potansiyelinin farkina varmalari ve uluslaga robot
turnuvalarinin populerlik kazanmasinin robotlargiteel kullanimina katkisi blytktar. Birgok Gnivéssve
okul, teknoloji ve robotlar konulu yaz kamplar diilemektedirler. LEGO Mindstorms NXT en popilerrve e
¢ok kullanilan gitsel robot setleridir. Bu robot setlerinin gegmiSeymour Papert’in LOGO c¢atalarina
dayanmaktadir. Bu caimalarin 1960’larda gitim teknolojisine buyuk etkileri olngtur. Bu tarama
calismasinin amaci son zamanlardgitencilerin ilgisini ¢ceken, robotlarin gtsel amaglarla kullanimina
yonelik calgmalari inceleyerek, LEGO Mindstorms NXT robot seatlar egitim amach kullanim
potansiyellerinin belirlenmesidir. Robotlargémde en c¢cok FTMM (Fen, Teknoloji, Miuhendislik ve
Matematik) gitimini desteklemek amach kullanigfardir. Bu konuda yapilan c¢aimalarin biyuk bir
bélima robotlarin FTMM gtimine pozitif etkisiyle sonuglangtir. Robotlarin gitimde bir diger kullanim
alani ise ¢ocuklarin lgetme, elgtirel dislinebilme ve sosyal becerilerini gglime amachdir.

Anahtar Kelimeler: LEGO Mindstorms NXT, robotigiteel potansiyel
Introduction

Robots’ educational potential as teaching toolsmotivators has long been recognized by educators,
but economic constrains prohibited its extensivel@enent. However, in the past few years cost ef th
robots has been decreased and their performancbedemsincreased. Nowadays, robots are affordable,
powerful and reliable to be deployed in college awen high schools. With the popularity of interoaal
robot championship, educational usage of the ratedgsaccelerated recently.

Many universities and schools prepare technology rabotics related summer schools for children
(Cannon et al., 2006; Cannon, Panciera, & Papavpkailos, 2007; Keathly & Akl, 2007; Nordstrom,
Reasonover, & Hutchinson, 2009; Williams, Ma, Paeje& Ford, 2008). Some of the technology related
camps were prepared especially for girls to in@dheir curiosity and interest toward STEM (Science
Technology, Engineering and Mathematics) and aiscease the possibilities of the engineering career
(Burket, Small, Rossetti, Hill, & Gattis, 2008).

Robotics and STEM relations are not limited witle $tudy of STEM careers. Robotics became the
new approach to provide students with hands onrequee while learning science subjects (Jim, 2010).
Williams et al. (2008) stated that the summer rimisotamp, they designed for their study, enhanced
middle school students’ physics content knowledgkso, Mataric, Koenig, and Feil-Seifer (2007)
concluded that robotics has been proved that alsupel for hands-on learning, not only of robotits®If,
but also general science, technology, engineeaing,mathematics (STEM).
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History and Educational Potential of LEGO Mindst@m
NXT

Aim of this literature review is to explore educaual potential of robotics. Because of its poptyari
and common usage, LEGO Mindstorms NXT robotics seés focused in the study. The theoretical
background of the robotics and historical developimaf NXT robotics sets also reviewed to better
evaluation of related studies.

Theoretical Background: Constructionism

In the 1960s, Seymour Papert and colleagues Ettiatresearch projects at Massachusetts Institute o
Technology (MIT), to understand how children themrd learn. They invented the programming language
is LOGO. LOGO has been used by tens of millionsafool children all over the world. Its theoretical
background influenced educators and researcheestidin of educational reform and roles of the
technology in education. That theoretical backgthismknown as “constructionism” (Kafai & Resnick,
1996).

Papert worked with Piaget at late 1950’s and eB®B0’s in Switzerland, and he stated that “in 1964,
after five years at Piaget's Center for Genetistepiology in Geneva, | came away impressed by his w
of looking at children as the active builders oéithown intellectual structures” (Papert, 1993,1p).
Papert built his theory of learning on the condivist theories of Jean Piaget, stating that leayns
active construction of the knowledge in the leamenind, knowledge is not simply transmitted from
teacher to student. In addition to constructivigtary, Papert constructed his learning theory based
artificial intelligence theories and gender andspaality studies (Harel, 1991).

Papert makes the simplest definition of the cowrtibnism as “learning by making” (Papert & Harel,
1991). He adopted the word constructionism refesverything that related to “learning by making'dan
the idea behind constructionism includes and gaeddyond the idea of “learning by doing”, thathe
idea behind constructivism (Papert, 1999). Seynitapert and Idit Harel made following definition of
constructionism in the first chapter of their bd@énstructionism.

Constructionism--the N word as opposed to the Vdaghares constructivism's connotation of
learning as "building knowledge structures” irregppe of the circumstances of the learning. It tlagids
the idea that this happens especially felicitouislp context where the learner is consciously eedag
constructing a public entity, whether it's a saadtle on the beach or a theory of the universediP&p
Harel, 1991, p. 1).

Constructionism, Constructivism Similarities and fbérences

Piaget and Papert are both constructivists. Theyved children as the builders of their own
knowledge. Knowledge is not merely an asset todresinitted, encoded, grasped, retained but cotstiuc
and reconstructed through personal experiencenltgpmeans the creating of concepts and rules grou
an active process of doing and thinking (Ackerm&@©1; Harel, 1991).

According to Ackermann (2001), Piaget and Papertaiso both developmentalists which means they
have common idea on incremental knowledge congrucThey both studied the learning conditions.
Learners are likely to keep or change their theoaleout given phenomenon through interacting wtith i
However, Papert in his book Mindstorms Childrenmpaters, and Powerful Ideas (1993) stated that he
does not fully accept Piaget’s distinction concristieking and formal thinking but he accepts thas t
distinction close enough to reality. Piaget beltewbat computer can concretize (and personalize) th
formal thinking. Therefore, computer can allow asshift the boundary separating concrete and formal
thinking.

Constructionist view sees children as the activielbuof their knowledge rather than passive regeiv
of the knowledge from teacher, as in constructivigw, however constructionist view adds extra
emphasis to “external artifact” and “sharing witthers” (Kafai & Resnick, 1996; Maxwell, 2006).
“Unlike Piaget, Papert believes that learning ati@darly effective when it takes place in the t®xt of a
rich and concrete activity, which the learner @hdls well as adult) experiences while constructing
meaningful product such as a piece of artwork,omystor a research report. Therefore, he creatds an
emphasizes far richer learning environments thags d®iaget in his experiments” (Harel, 1991, p. 26).
While accepting the Piaget's cognitive stages, #&Paps interested in how learners engage in a
conversation with [their own or other people’sjifadts, and how these conversations boost seltide
learning, and ultimately facilitate the construantiof new knowledge” (Ackermann, 2001, p. 1). He
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stresses the importance of tools, media, and cbitekuman development (Ackermann, 2001; Harel,
1991).

History: LOGO to Mindstorms
What is LOGO

After returning to the United States, Seymour Pafmemded MIT Atrtificial Intelligence Laboratory
with Marvin Minsky. Early work of the Papert withishresearch group included the development of the
LOGO programming language. First version of LOGOswaeated in 1967. LOGO was computer
language which communication with the Turtle whitbasketball sized, dome shaped robot. Turtledcoul
move across the floor by LOGO commands like FORWABBCKWARD, LEFT and RIGHT; and
made drawings on butcher paper with mounted pentiiMaikhak, Resnick, Silverman, & Berg, 2000;
Papert, 1993; Watt, 1982). For example FORWARD ifkes the Turtle move in a straight line about
100 millimeter. Typing PENDOWN causes the turtleldeer a pen to draw trace of the turtle (Papert,
1993). According to Papert (1993) turtle servedrasobject-to-think-with”

Most popular version of LOGO has floor turtle. 187Ds the turtle migrated to computer screen.
Screen turtle was more accurate and much fastartti®floor turtle that allow to children to created
examine more complex geometric shapes. Some ghtipes can change shape to birds, cars, planes or
whatever the designer chooses (Martin et al., 28@€gent et al., 1996; Watt, 1982).

LEGO/LOGO

In the mid-1980s LOGO research group began to lotition with LEGO group. They created
LEGO/LOGO system which is combination of LEGO Teichproduct (which includes beams, gears, and
motors) and LOGO language. Therefore, the turtle ofathe screen and turned back to into the world.
However, LEGO/LOGO was different from the earlitvor turtle. LEGO/LOGO was not already built
mechanical object. Children can build their own hiaes such as a Ferris wheel, elevator, and robot
creature before programming them. Children didrastrict to the turtles (Martin et al., 2000; Sanget
al., 1996; Watt, 1982).

In the late 1980s, LEGO/LOGO system became comalbr@vailable. It was sold to schools with
the name “LEGO tc LOGOQO” by the Lego group. It wased more than 15.000 elementary and middle
schools in the United States (Martin et al., 20B&rgent et al., 1996; Watt, 1982).

Programmable Brick

LEGO/LOGO had limitations. The machines construdtgahildren had to be connected to computer
with wires. When children used LEGO/LOGO to creatsbile machines, wires limited its mobility. Wires
got tangled with other objects in the environmaiso they restrict the range of machines. Each msoto
and sensors should be connected to the computethveilr own cable. Therefore, they get twistedriotk
as the machine rotates. Moreover, it was diffibalthink LEGO/LOGO machine as an autonomous while
it was attached to a computer (Martin et al., 20B8rgent et al., 1996). Fred Martin (1988) and his
research group have overcome this deficiency sy Rrogrammable Bricks in 1987. The Programmable
Brick had a computer inside, therefore to prograemRrogrammable Brick you first write the program o
the computer, and then download the program té’tbgrammable Brick via a cable. Then, the brick can
be disconnected from the computer. The progranedton the brick and the brick can be carried anygvhe
and the program can be executed without conneataccdbmputer (Sargent et al., 1996).

RCX

From 1992 to 1996 Randy Sargent and his colleag@aded second generation Programmable Bricks
(Gray Brick and Red Brick). Fieldwork with tree stsoom usage of Red Brick were resulted some design
upgrades at size, LC screen, and LOGO programmmuagosnment. The idea of putting LOGO statements
as blocks (called Logo Blocks) serves as the asithe Lego Group later commercial usage. RediBric
and its field works would be basis for the develepmof the Lego RCX Brick which shares many
common features with the MIT Red Brick (Martin dt, 2000; Mindell et al., n.d.). In their article
“Building and Learning with Programmable Bricks"ar§ent and colleagues listed twenty things to do
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with a programmable brick, inspired on Papert antbr8on's (1971) memo called Twenty things to Do
with a Computer.

Lego Mindstorms

In 1998, the Lego Company released a new prodlletdcthe LEGO Mindstorms Robotic Invention
Kit consisting of 717 pieces including LEGO bricksptors, gears, different sensors, and a RCX Brick
which contains three input ports and three outmutspattached to a Hitachi H8/3292 micro controller
(McWhorter, 2005; Mindell et al., n.d.). Lego Coamy believed in robot design concept so strongly th
they gave the name of Seymour Papert’'s book (Mattad., 2000).

First-generation Lego Mindstorms kit was replacath\wego Mindstorms NXT kit in 2006 (Figure
1). At the heart of the system is NXT brick whishai multipurpose controller that interfaces easith a
development or graphics computer. The main procesfsihie NXT is a 32-bit Atmel® ARM® processor
operating at 48 MHz, with 256 kB flash memory addk® RAM; an 8-bit, 8 MHz co-processor provides
additional functionality. It has four-button intade and a 100 x 64 pixel (26 x 40.6 mm) LCD display
can communicate with a desktop or laptop compuiér the integral USB 2.0 port (12 Mbit/s) or the
wireless Bluetooth port, based on the single-crgR@lueCore™ 4 (“Lego Mindstorms NXT Hardware
Developer Kit,” n.d.). In addition to the NXT brickego Mindstorms NXT kit consists of 577 pieces,
including: 3 servo motors, 4 sensorgdtriasonic soundtouch andlight) (See Figure 1). The kit also
includes NXT-G, a graphical programming environmérdt enables the creation and downloading of
programs to the NXT.

s

Figure 1Components of LEGO Mindstorms NXT
Robotics Studies in Education

Papert (1993) says that robots are one of thetbeistto implement constructivist learning prineil
Some of the studies with robotics activities reslithat robotics activities increased students’ivation
toward mathematics and science courses (Robin€i0§; ZRogers & Portsmore, 2004). They provide
practice platform for science and mathematics fplas (Rogers & Portsmore, 2004), and increased
students problem solving skills (Beer et al., 19968urbakhsh et al., 2004; Petre & Price, 2004; Rexm,
2005; Rogers & Portsmore, 2004). However, someiestucbuld not find positive effect of robotics in
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educational settings (Bjoerner, 2009; Fagin & Merl2003; Hussain, Lindh, & Shukur, 2006; McNally,
Goldweber, Fagin, & Klassner, 2006).

One of the large scale studies about robotics waslucted in Peru (lturrizaga, 2000). The quasi-
experimental, posttest-only approach was used.téemirschools were selected to participate in tindyst
The sample involved 553 students in grade 2, Sé@esits in grade 4, and 534 students in grade 6yMan
post-test employed to assess the students’ atmliiige mathematical skills related to real worldbtems,
technology knowledge, Spanish performance, eye-ltamddination, problem solving and self-esteem.
After one year usage of LEGO, the results revedlat students in the experimental group had
outperformed the students control group in matbhrielogy, Spanish, and eye-hand coordination. The
difference between the boys and girls were notifsogmt.

Hussain, Lindh, and Shukur (2006) made similardasgale study to investigate the effect of one year
of regular LEGO training on pupils’ performancesehools in Sweden. There were 322 students, 193 at
fifth grade and 129 at ninth grade in experimegtalup and there were 374 students, 169 at fiftlleyra
and 205 at ninth grade in control group. Then tleeked at achievements in mathematics for fifthdgra
students before and after the training by usingsthadard two-sample t-test, they found a posghié in
the mean from 0.711 to 0.817 with p-value = 0.0@fldating better performances in mathematics fer th
trained group (the group trained with LEGO). Far tiroblem solving, on the other hand, they havadou
a slight shift in the opposite direction from 0.6860.649 with p-value = 0.023 which is rather #igant.
When ninth grade students were compared they difimtbany significant difference neither matherosti
nor problem solving.

In another study, Fagin and Merkle (2003) used oo teach computer science at 2000 - 2001
academic year. Their computer science course was go 938 freshman year students in 48 sections of
15-20 students each. Nine of these sections wesigrdged as “robotics” sections, where they pralide
laboratory instruction using Lego Mindstorms robas! programming environments. They found that the
test scores were lower in the robotics sectiona thahe non-robotic section. They concluded tha t
result occurred because students in robotics seatiost run and debug their programs on robots gurin
assigned lab times, therefore deprived of bothectifte time and the rapid compile-run-debug cycle
outside of class that was an important part oféhening process.

Williams, Ma, Prejean, and Ford, (2008) preparetiva week summer robotics camp to explore
middle school students’ physics content knowledge scientific inquiry skills. A single group of 21
summer camp participants was pre-tested, exposdidetsummer camp program, and post-tested. The
result of the study revealed that the robotics semoamp had a statistically significant impact on
students’ gains in physics content knowledge, haneavwo statistically significant difference was rfiduon
scientific inquiry skills.

Robinson (2005) has interviewed with the sciencactiers who used Robolab (Mindstorms
programming environment) in 8th grade physics asirshe teachers reported that; robotics activities
increased students’ motivation and attitude tovilaedphysics and students’ inquiry skills. MoreoRejre
and Price, (2004) observed and interviewed tha@mnl who attended RoboCup Junior (6 - 18 years old)
and RoboFiesta (12 -14 years old). The childreatedt that robots had positive effect on their
programming, problem solving, and team work skdlso hardware and electronic knowledge had
increased.

McNally, Goldweber, Fagin, and Klassner (2006) &mul on disadvantages of the robots in
educational settings. They defined logistical amtiggogical disadvantages. “The primary logistical
disadvantage is cost. While it is not overly expento outfit a lab with Mindstorms-based robotssitoo
expensive to provide each Computer Science 1 (C3utlent with their own robot. This implies that al
student experimentation is limited to the robotdaiperating hours” (p.61). This disadvantage simdar
to result of Fagin and Merkle's (2003) study. Unfoately, various sensor of Mindstorms need todse r
calibrated for changing physical environments, laatiery level of the robot will change turning anghd
speed of the robots. Learned programming skillsighbe both worthwhile and useful; however learned
programming skills from Mindstorms will not be redsor reinforced anywhere else in the undergraduate
CS curriculum.

One of the study conducted by Barker and Ansorg@0qR focused on investigation of the
effectiveness of an informal 4-H science curriculiinteach SET (Science, Engineering and Technology)
concepts and validation of assessment instrumebBGO Mindstorms kit and Robolab programming
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software were used at an after-school program @ndtddents aged 9 to 11 participated the study. The
result of the study showed that even though thex® improvement on the post-test with the experiaient
group, the control group scored better on somesitem

Ruiz-del-Solar and Aviles (2004) developed ranfjeobotics activities to motivate school children
for pursuing studies in science and technologywmdersity careers in science and technology, asirg
their technological literacy and becoming techngifriendly adults. More than 700 children from 7th
through 10th grade and 90 teachers participatettienworkshops. They evaluated the workshops with
guestionnaires focused children’s satisfaction, lével of completed work and interest in pursuing a
engineering career. They reported that 92% of #réigipants satisfied with the workshop, 88% fireidh
all the basic tasks during the workshop and 86%hef participants indicated they will follow an
engineering or science university career in thartutThey found that children’s self-motivation isseto
be the key element for their success during theksimp; unmotivated children do rather poorly.
Moreover, the group structure also plays an impodntale for success of the workshop. Best groupke/or
occurred when previously unknown participants negeth other for the first time during the workshop t
form a working team.

In the fall of 1998, the Pennsylvania DepartmentEdiucation granted Bloomsburg University to
support the creation of an innovative problem-s@\ourse that would use a combination of logiodsa
on experience, and trial and error to help studelatstify the process behind effectively solvinglplems
(Mauch, 2001). During summer of 1999, eight midsidool teachers from many districts enrolled in a
twenty hours course to learn about the LEGO Mimassosystem and how to implement it within their
curricula. In the second week, forty gifted studefntom 6th to 8th grade attended a thirty hoursgam
taught by these teachers. The students were pla@droup of four and each one received a speteifk
such as builder, programmer etc. The teacher mgdhiat three students would be ideal and the rayste
should be more readily implemented in a classrodrare/the same students had the same robotic system
each day for several weeks. Mauch (2001) concltld&idthis new product has shown promise, “students
remain highly engaged throughout the process becthey visualize their robots as a toy” (p. 212).
However, cost, and classroom implementation areptiteary problems. In addition, the nature of the
system requires considerable time engagement fardtodents and teachers.

Bjoerner (2009) conducted a study with 300 Danistideen aged 9-14 focused on the question of
children’s attitudes towards robotics technologyalfHof the children participated in the robotics
competition FLL (First Lego League) and the othevup (from the same geographic area) did not. He
concluded that there were no significant differencencerning attitudes towards robots between remild
who participated in the robotics competition FLIdarhildren who did not.

Benitti, (2012) made a systematic review on edooati usage of robotics. Results of the review
showed that 80% of the study explore physics anithenaatics related subjects which are Newton’s Laws
of Motion, distances, angles, kinematics, graphstrootion and interpretation, fractions, ratios and
geospatial concepts. That is in the related litgeatlso support that, educational usage of robatie not
limited with subjects that are closely relatedthie robotics field, such as robot programming, tobo
construction, or mechatronics. Moreover she regottat the articles also emphasize problem solving,
logic and scientific inquiry have improved througibotics.

Conclusion and Discussion

This study presents a review of published litematan the use of educational robotics, to identify
educational potential of robotics, especially LE®hdstorms NXT robotics sets. The most common
outcome of the use of robotics is to support th&ETeducation. Although most of the studies resulted
with positive effects of the robotics activities$ITEM education, there are some implementationlenad
of robotics in todays’ formal STEM education.

When the STEM (Science and Technology, Mathemadivd Technology & Design courses in
Turkey) curricula are investigated, it could bersé®at vision of these courses are to give questipn
critical thinking, and problem solving skills to ithhen (TTKB, 2006a, 2006b, 2009). There are many
robotics studies in the literature aimed to meastigcts of robotics activities on these skilla(8k &
Zadok, 2007; Barker & Ansorge, 2007; Beer, ChielDgushel, 1999; Hussain, Lindh, & Shukur, 2006;
Johnson, 2003; Lindh & Holgersson, 2007; Mauch,120dosley & Kline, 2006; Nugent, Barker, &
Grandgenett, 2010; Robinson, 2005; Sullivan, 20geth, Venz & Wyeth, 2004). Review of the related
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literature revealed that robotics activities hawsifive effects on children’s discovery learningl amitical
thinking skills because robotics activities givaldten to use questioning, critical thinking andlplem
solving skills. It is obvious that a robot is a dotwol not only of robotics itself, but also forrgeal
science, technology, engineering, and mathemaitE ) concepts (Mataric et al., 2007).

To investigate potentials of using robots in forrfS8alEM education, a robotic camp can be organized
with STEM teachers. Six teachers from different $T&eas (Science and technology, mathematics and
technology and design courses) could attend fiestknof the camp and teachers get training on roboti
and programming. Then, the teachers prepare aesivitith robots aimed to teach a subject in theldf
Second week of the camp, children attend to candptfay work with teachers in group work. After they
have learnt robotics and programming they worktanactivities that teachers had prepared. At tloeoén
the camp, children and teachers’ opinions coulthken about implementation of the robots in thentdr
education.

Another common usage of robotics in education iméoease children’s interest toward technology,
computing, and engineering. The literature revidwvwes that robotics have potential to increase their
curiosity and interest toward STEM and also inceghg possibilities of the engineering careers KBuet
al., 2008). Interested researcher could design kemg research to investigate the relation between
robotics activities and career choices of the child

Another suggestion for future research is to evaldbe effects of robotics activities on children’s
social skills such as team working skills. Literatabout this subject is limited and inaccuraten{iie
2012). Lastly, use of robotics in other areas afrieng not related to STEM or social learning coallsb
be investigated.

This review shown that educational robotics hagemidl as a learning tool; not only robotics and
programming but also STEM related concepts. I@eeted that this review will provide useful guidan
for those who interested robotics activities incation.
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History and Educational Potential of LEGO Mindst@m
NXT

Genis Ozet

Robotlarin gitsel amagclarla kullanimi giderek artmaktadigitiencilerin robotlarin gitsel
potansiyelinin farkina varmalari ve uluslararasbai turnuvalarinin populerlik kazanmasinin
robotlarin gitsel kullanimina katkisi blyuktir. Birgok Univeesive okul, teknoloji ve robotlar
konulu yaz kamplari diizenlemektedirler. LEGO Mimdsis NXT en popller ve en ¢ok kullanilan
egitsel robot setleridir. Bu robot setlerinin gegmiSeymour Papertin LOGO camalarina
dayanmaktadir. Papert, cocuklaringdgan @&Grenmeye kan yetenekli olduklarina ve cocuklarin
bilgisayarlar ile ilegiminin, bilgisayarlarin uygun tasarimi ile onlainicdogal bir islem haline
gelebilecgine inanmaktaydi. Ayni Fransa'dasgyarak, Fransizcagienmek gibi (Papert, 1993).
Papert ve grencilerinin cocuklara bilgisayari tanitmak ve marglamayi onlarin fiziksel dinyasina
tasimaya yonelik cadmalar, 1967 yilinda LOGO programlama ortamininisgglmesi ile
sonuclanmgtir (McNerney, 2004; McWhorter, 2005). LOGO progtama dili ile basketbol topu
LOGO komutlari ile ileri, geri, g@ ve sola gidebilmekte ve bitusile kalemi sayesinde blyik
kagitlara cizimler yapabilmekteydi (Martin, Mikhak, Back, Silverman, & Berg, 2000; Papert,
1993; Watt, 1982).

LOGO tum dinyada on milyonlarca ¢ocuk tarafindalekudi. Onun teorik altyapisi gacilik
(constructionism) olarak bilinir veggimcileri, argtirmacilari, gitsel reformlari ve teknolojinin
egitimdeki yerini ¢ok etkilemitir (Kafai & Resnick, 1996). Papert simcilik kuramini basitce
“yaparak @renme” (learning by making) olarak tanimlagtni’ (Papert & Harel, 1991). Papert'e
gore isacilik kurami, yapilandirmaci kuraminin (contruistin) temelindeki “yaparak genmeyi”
(learning by doing) kapsar ve onun o6tesine gecap€R, 1999).

1980’lerin ortalarinda LEGO oyuncak firmasi ile LOGyazilim ekibi birlikte cakmalar
basladi. Var olan kaplumbEg, LEGO parcalar ile dstirildi. Bu birlesimin sonucunda
LEGO/LOGO urinu marketlerde yerini aldi. Boylececgklar robotlarini programlamadan 6nce
LEGO parcalarini kullanarak istedikleggkilde tasarlayabiliyorlardi. Fakat LEGO/LOGO kdhlo
ile bilgisayara bgh oldugundan kullanimi ile ilgili problemler vardi (Martiet al., 2000; Sargent et
al., 1996; Watt, 1982). Bu problemler 1988 yilirictad Martin ve arkadéari tarafindan gegtirilen
“Programlanabilir tgla” ile asildi. Boylece bilgisayarda yazilan programglaya yukleniyor daha
sonra bilgisayar ile olan Bkntisi kesilerek, tlanin programi kendi Baa calgtirmasi
sgglanabiliyordu. 1996 yilinda Randy Sargent ve arkldaikinci nesil programlanabilir glayi
gelistirdiler. Bu tugla daha sonra LEGO tarafindan RCX olarak piyaséyalecektir. 1998 yilinda
LEGO, ismini Papert’in kitabindan alan (Martin dt, 2000) Mindstorms NXT robot setlerini
piyasaya surdu. Bu setlerde; Lego Teknigldlari, bilgisayar tarafindan kontrol edilebilir rbi
mikroislemci, mikroglemciyi programlamaya imkan veren grafik araylzigahip bir yazilim,
sensorler (sese,siga, uzaklga ve dokunmaya duyarll) ve hareketglasmnak icin motorlar
bulunmaktadir.

Papert'e (1993) gotre robotlar yapilandirmaci kuranolygulayabilmek igin en iyi araclardir.
Robotik etkinliklerin argtirildigi calsmalarin birggu 6grencilerin matematik ve fen derslerine far
daha fazla gudulenmeleri (Robinson, 2005; RogeRoftsmore, 2004), matematik ve fen dersleri
icin iyi bir uygulama ortamlari olmalari (Rogers Rortsmore, 2004),gdencilerin problem ¢bzme
becerilerinin artmasi (Beer et al., 1999; Nourbakks al., 2004; Petre & Price, 2004; Robinson,
2005; Rogers & Portsmore, 2004) ile sonuclatimiBu konudaki alanyazini robotlarin herhangi bir
pozitif etkisinin bulunamagh calsmalari da icermektedir (Bjoerner, 2009; Fagin & key 2003;
Hussain et al., 2006; McNally et al., 2006).

Robotlarin gitimde en yaygin kullanimi FTMM (Fen, Teknoloji, Méndislik ve Matematik)
egitimini desteklemeye yonelik kullanimidir. Bu aland/apilan c¢agmalarin buyik bir kismi
robotlarin FTMM gitiminde pozitif etkisi ile sonuglanmgtir. Robotlarin FTMM  gitimine
uygulanmasi konusunda hala problemler mevcuttunggn, maliyet (McNally, Goldweber, Fagin,
and Klassner, 2006) farkl fiziksel ortamlarda setesin kalibrasyon ihtiyaci, pil diizeyine gore
doénme ve robotun hizinin gigmesi (Fagin and Merkle's, 2003).

Turkiyedeki FTMM mufredati (Fen ve Teknoloji, Matatik ve Teknoloji ve tasarim dersleri)
incelendginde, bu derslerin genel kazanimlarinigreéncilere sorgulama, ebirel disiinme ve
problem c¢6zme becerilerini kazandirmak @dugorilmektedir (TTKB, 2006a, 2006b, 2009).
Robotlarin ¢ocuklarin sorgulama, gleel distinme ve problem ¢ézme becerilerine olan etkilerini
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arastirmaya yonelik bircok calma yapilmgtir (Barak & Zadok, 2007; Barker & Ansorge, 2007;
Beer, Chiel, & Drushel, 1999; Hussain, Lindh, & &by 2006; Johnson, 2003; Lindh &
Holgersson, 2007; Mauch, 2001; Mosley & Kline, 2008igent, Barker, & Grandgenett, 2010;
Robinson, 2005; Sullivan, 2008; Wyeth, Venz & Wye2004). Bu cadmalar gdstermektedir ki,
robotlar @rencilerin bu becerileri kazanmasinda etkili olnaaktlar. Robotlar, robotlarla ilgi
alanlarda 6rngin programlama ve mekanik kullanilacak iyi bir amipasi yaninda, fen, matematik,
teknoloji ve muhendislik (FTMM) alanlarinda da lariilabilecek bir aractir (Mataric et al., 2007).

Robotlarin  gitimde kullanim amaclarindan biri degr@ncilerin teknoloji, bilgisayar ve
mihendislik alanlarina olan ilgilerini arttirmayatneliktir. Bu konuda yapilan cainalar
gostermektedir ki, robotlar gdencilerin bu alanlara olan ilgisini arttirmakta wathendislik
kariyerine yonelmelerinde yardimci olmaktadir (Batrkt al., 2008).

Robotlarin gitsel kullanimina yonelik ¢aimalar yapacak agarmacilara katki sayabilmek
amaciyla yapilan bu alan yazin taramasgadsi robot setleriningésel olarak yalnizca robotlar ile
ilgili alanlarda kullanimi ile sinirl olmayip, FTM egitiminde de kullanilabilme potansiyeli
oldugunu gostermektedir.
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