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ABSTRACT

DESIGN AND DEVELOPMENT ISSUES FOR EDUCATIONAL ROBAQS
TRAINING CAMPS

Ucgul, Memet
Ph.D., Computer Education and Instructional Tecbapl
Supervisor: Prof. Dr. Kigat Cailtay
May 2012, 278 Pages

The aim of this study is to investigate the critidasign and development issues for
educational robotics training camps. More spediffcéhe purpose of the study is to
explore and describe critical design issues forcatlonal robotics training camps,
illustrating how each factor affects robotic canapsl enlightening how these factors
should be implemented for the design of a robaining camp. For this purpose,
two robotic training camps were organized with edamary school students. Thirty

children attended the first camp and twenty twaddchn attended to the second one.

The research design was qualitative in nature, rmpeeifically; multiple-case design
approach was used. Interviews with children andrucsors, observations, field
notes, and camp evaluation forms were the dataamh methods. The data were
analyzed through the qualitative data analysisrtegles. The data were categorized
under emerged themes, learning outcomes, evatuafithe camps’ components,
career, group issues, competition, coaching, teahmssues, challenges and camp

duration.

Some prominent findings of the study are; the utddion strategy for a robotics
camp should be designed from simple to complex. mbst effective and liked part
of the camps are project studies, therefore prejstitdies should be encouraged at

robotic camps. Robotics training camps should ghance to practice to the children
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what they have learned at schools. The group siaeld be arranged that every child
in the group should have duties at any time.

The study was concluded with a robotics camp degigaeline and a sample robotic

training camp curriculum.

Key Words: Robotics Training Camp, Design Issue$EM, Robotic Camp

Curriculum.



oz

EGITSEL ROBOT KAMPLARININ TASARIMI VE GELISTIRILMESI

Ucgiil, Memet
Doktora, Bilgisayar ve gretim Teknolojileri Eitimi Bolumi
Tez Yoneticisi: Prof. Dr. Kigat Cailtay
Mayis 2012, 278 Sayfa

Bu tez camasinin temel amaci, ilgéetim duzeyindeki ¢cocuklar igin tasarlanacak
egitsel robot kamplarinin tasarim ve géhlme ile ilgili kritik konularini
incelemektir. Daha acik bir ifade ilegitsel robot kamplari icin Bariya etki eden
faktorlerin belirlenmesi, bu faktdrlerin kampsbaisina olan etkisi ve bu faktorlerin
basarili bir kamp i¢in nasil kullanilmasi gerekhi ortaya koymaktir. Bu amacla,
ilkdgretim @erencilerine yonelik iki adet @sel robot kampi hazirlangive
gerceklgtirilmistir. Birinci kampa otuz, ikinci kampa ise yirmi ikidgrenci

katilmistir.

Bu calsma nitel bir cagmadir. Daha detayl belirtmek gerekirse, busgahda coklu
durum calymasi yaklaimi kullaniimstir. Katilan @renciler ve gitmenlerle
gerceklgtirilen goérismeler, gézlem, alan notlari ve @lendirme formlari veri
toplama araclari olarak kullanilgtir. Nitel veri analizi yontemleri kullanilarak
veriler deerlendirilmistir.  Veriler agga c¢ikan @renme kazanimlari, kamp
bolumlerinin  dgerlendirilmesi, kariyer, grup konusu, rekabet, kgl teknik

konular, zorlanmalar ve kamp siresi temalari adtioglanmytir.

Calismanin bazi 6ne c¢ikan bulgulgunlardir; kamp gitiminde basitten karngaga

giden bir yapi izlenmelidir, en etkili en genilen calgma proje cakmasidir, bu
nedenle bir robot kampinda proje galalari mumkin oldgunca uygulanmalidir.
Egitsel robot kamplar grencilere okullarda grendikleri bilgileri uygulayabilme
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olangl sunmalidir. Grup buyukgii her katilmcinin, grup ¢amasina aktif olarak
katilmasini sglayacak buyuklikte olmalidir. Cama her bir kritik faktor icin
tasarim ve gejtirme oOnerileri ve bu onerilerin uygulargdidrnek bir robot kampi

mifredati ile sonuclandiriirtir.

Anahtar Kelimeler: Eitsel Robot Kampi, Tasarim Konulari, FTMM, Robotria
Mufredati.
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To real two incidents of life; death and birth
To Uncle Halil, we miss you so much

And Ahmet Demir, we love you so much
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CHAPTER 1

INTRODUCTION

Background of the study rooted to study of Dr. SeymPapert who is known as the
founding father of Logo. Papert believes that aleifdare innately gifted learners and
it is possible to design computers therefore lesynhow to communicate with
computer can be a natural process, like learniegdfr by living in France (Papert,
1993). Papert and his students’ research on intioduchildren to the computer
world and bringing programming in to their physieadrld resulted creation of logo
programming environment in 1967 (McNerney, 2004 V¥horter, 2005). Logo was
computer language which communication with the [€urthich is basketball sized,
dome shaped robot. Turtle could move across ther ity Logo commands like
FORWARD, BACKWARD, LEFT and RIGHT; and made drawsngn butcher
paper with mounted pen (Martin, Mikhak, Resnicky&man, & Berg, 2000; Papert,
1993; Watt, 1982).

Logo has been used by tens of millions of schodddn all over the world. Its
theoretical background known as constructionismluerfced educators and
researchers direction of educational reform andsrolf the technology in education
(Kafai & Resnick, 1996). The simplest definitiontbe constructionism is “learning
by making” (Papert & Harel, n.d.). Constructionisntludes “learning by doing”
which is the idea behind constructivism and goe®égond it (Papert, 1993, 1999).

When personal computers had become common in tr@okahe floor turtle was
expensive and unreliable for school setting. InQK9the turtle migrated to computer

screen. Screen turtle was more accurate and mstér flnan the floor turtle that
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allow children to create and examine more compkongetric shapes (Martin et al.,
2000; McNerney, 2004; Sargent, 1995; Sargent, Rksmartin, & Silverman,
1996; Watt, 1982).

Although the screen turtle was more practical,diexd some abstraction and may
have caused difficulties for some children (McNgn2004). In the mid-1980s
collaboration with Lego group created Lego/Logoteys which is combination of
Lego Technic product (which includes beams, gearsy motors) and Logo
language. Therefore, the turtle was of the screehtarned back to the real world.
Children can build their own machines such as aid~@rheel, elevator, and robot
creature before programming them (Martin, 1988;tiviaat al., 2000; Sargent, 1995;
Sargent et al., 1996; Watt, 1982).

Lego/Logo had mobility limitation; the machine hta be connected to computer
with wires. Fred Martin (1988) and his researchugrbave overcome this deficiency
by first Programmable Bricks in 1987. The ProgramimaBrick had a computer
inside, therefore downloaded program can be exdcuti¢hout connecting to a

computer (Sargent, 1995; Sargent et al., 1996).

Randy Sargent (1995) and his colleagues createzhdegeneration Programmable
Bricks (Gray Brick and Red Brick). Red Brick and field works would be basis for
the development of the Lego RCX Brick which sharesmy common features with
the MIT Red Brick (Martin et al., 2000; Mindell ak, n.d.).

In 1998, the Lego Company released a new proddigidcthe LEGO Mindstorms
Robotic Invention Kit consisting of 717 pieces umihg LEGO bricks, motors,
gears, different sensors, and a RCX Brick whichtaios three input ports and three
output ports attached to a Hitachi H8/3292 micrataler (McWhorter, 2005;
Mindell et al., n.d.).

First-generation Lego Mindstorms kit (the name cenfimm Seymour Papert’s
groundbreaking book (Martin et al., 2000)) was aept with Lego Mindstorms
NXT kit in 2006. Lego Mindstorms NXT kit consistd 677 pieces, including: 3

servo motors, 4 sensors (ultrasonic, sound, toacd, light). The kit also includes



NXT-G, a graphical programming environment that ldes the creation and
downloading of programs to the NXT.

Although, robots have been playing an active roleducation since LOGO Turtle
(Papert & Harel, n.d.), in recent years, interestusing robots for educational
purposes has been increased. International robai®monships such as RoboCup,
First Lego League, and RoboFesta have taken teeesitof primary and secondary
schools administrators and students. Some researcheestigated instructional
values of these competitions (Griffith, 2005; PefrePrice, 2004; Welch, 2007).
Wilczynski and Flowers (2006) found that involvernehrobot contests offer some
additional educational benefits such as; motivastgdent creativity, self-directed
learning, developing teamwork and communicationlisskifostering interest in

science and technology.

Many universities and schools prepare technologg esbotic related summer
schools for children (Cannon et al., 2006; Canrfeemciera, & Papanikolopoulos,
2007; Keathly & Akl, 2007; Nordstrom, ReasonoverH&tchinson, 2009; Williams,

Ma, Prejean, & Ford, 2008). Some of the technolmgsted camps were prepared
especially for girls to increase their curiositydaimterest toward STEM (Science,
Technology, Engineering and Mathematics) and alscease the possibilities of the

engineering careers (Burket, Small, Rossetti, &ilattis, 2008).

Robotic and STEM relations are not limited with teeidy of STEM careers.

Robotics became the new approach to provide stadeith hands on experience
while learning science subjects (Jim, 2010). Foaneple, Barker and Ansorge
(2007) investigated the effectiveness of scienaktachnology curriculum based on
robotics on the achievement scores of the childgas 9-11 in a 4-H program. (4-H
is the largest out-of-school youth program spordoby the Department of

Agriculture in the United States. 4-H stands foread, Heart, Hands and Health
(National Institute of Food and Agriculture, n.dYYilliams et al. (2008) stated that
the summer robotics camp enhanced middle schoalests physics content

knowledge, Mataric, Koenig, and Feil-Seifer (200@hcluded that robotics has been
proved that a superb tool for hands-on learning,omby of robotics itself, but also

general science, technology, engineering, and methes (STEM).
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1.1 Statement of the Problem

Robots’ educational potential as teaching tools amotivators has long been
recognized by educators, but economic constrainshilpited its extensive
deployment. However, in the past few years coghefrobots has been decreased
and their performance has been increased. Nowandyats are affordable, powerful
and reliable to be deployed in college and eveh bithools. With the popularity of
international robot championship, educational usafy¢he robots has accelerated

recently.

There are some researchers also their experierc@are information about how
they conducted their robotics camp. Murphy and Rblksdt (2000) expressed their
robotic camp and in the appendices section theseptea daily teaching syllabus and
information on appropriate videos, applicable radsoWWeb sites, and commercial
robot kits. Moreover, Nourbakhsh et al. (2005) fr@arnegie Mellon University,

The Robotics Institute, offered the curriculum béit course Robotic Autonomy
which is a seven week, hands on introduction tootiob design for high school
students with daily plan. However, these studiesew®ot conducted with Lego
Mindstorms NXT sets and they did not offer any ssjipns for successful robotics

instructional camp, they just presented their cutums.

Therefore, the popularity of educational usage hedf tobotics requires defining
success factors for an instructional robotics camMpreover, inexperienced camp
designers need to know the success factors, hose flaetors affect their camp and
more importantly they need a guideline for an undional robotics camps. Because
the literature of instructional robotics camps dess very limited, this study aimed

to fill this gap in the literature of instructionabotics studies.
1.2 Significance of the study

Papert (1993) stated that robots are excellens tmolmplement constructivist theory
into practice. The children can imagine themseivethe place of the robots and
understand how robots interpret the programs ahdueeaccording to that program.
Papert believe that programmable robots are flexdmd powerful to be able to
embody ideas which are previously had no real-wanlalogy.
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Using robotic activities in some engineering coaraeelementary, middle and high
school level has gained popularity (Nordstrom gt2009). Some organizations have
been preparing team based robotic competitions $BE n d, “FIRST LEGO
League, FLL” n d, “National Robotics Challenge,tih FLL competitions have been
arranged for thirteen years to increase interestitnce technology, engineering and
mathematics (STEM) to teach teamwork and to growd@n’s creativity. Some
universities and corporations have designed robpticgrams to provide an

introductory approach to robotics.

Results of some studies have shown that robotegarfect tools to teach STEM
subject and hands on experience (Jim, 2010; Matdral., 2007). Recently, there
are increasing attentions toward robotics to impréeaching of STEM and they
seem as innovative tools for STEM education. NatioBcience Board, (2010)
emphasizes engineering as a field that criticalimioovation and exposure to
engineering activities such as robotics and ineentompetitions can spark further
interest in STEM.

Outputs of this study will contribute to the litewee on robots in technology related
learning. Teachers who may want to use robots twlenheir classes can benefit
from the result of this study. The result of thedst could enlighten their path how to
implement robotic activities in classroom settisgeh as mathematics and science

courses.

Any organization or corporation who want to prepareotic programs, camps, and
activities can benefit from the findings of thedtuTherefore, they could have some
insights before preparing their curriculum and thesepare their curriculum

according to the findings and conclusion of thigdgt
1.3 Purpose of the study

The purpose of the study is to reveal the desigrciples for an educational robotics

training camp. More specifically, to determine fiaetors those affect success of a

robotics training camp and with the light of thefeetors, to determine design

principles for an educational robotics training ganfo serve this purpose, two

robotic training camps were organized and conduackgith secondary school
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students. Case study approach which is a quaktatiquiry to explain, describe,
illustrate and enlighten to a phenomenon withinréal context (Yin, 2009) was
chosen as research method. Because the purpose aftudy is explaining and
describing critical factors for design and develepiof an educational robotics
training camp, illustrating how each factor affedsccess of the camp and
enlightening how these factors should be implenterite a successful robotic

training camp; case study approach was chosen.
1.4 Research questions
Driving research question of the study is:

« What are the key design and development principdesan educational

robotics training camp?
And, the sub research questions are:
In a robotic camp:

* How should the instruction be structured?

« What are the group and gender issues?

« What are the issues and strategies about coopeiatih competition among
learners?

* How should coaching be provided? What are the sséale coaching
strategies and issues?

« What are the technical issues and strategies$aceessful training camp?

1.5 Motivation for the study

The researcher was a volunteer instructor of Thec&ibnal Volunteers Foundation
of Turkey (Turkiye Eitim Gonulluleri Vakfi, TEGV) at Semahat - Dr. NésrArsel
Education Park. He was working with six, sixth gradds on “informatics seagulls”
projects. They have just finished their projectnianger of the education park offered
them a new fascinating project; going in FLL (Firsego League) robotics
competitions. They would be the first FLL team loé education park.
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During this study, the researcher and his teanmaie FLL twice and they were the
winner of robot performance at our district in #econd year. When the camps had

started, the researcher had nearly two years xhexiperiences.

While preparing FLL tournament with six unique dnén, The researcher had
chance to observe them while they were creatingtisols to challenging tasks and
their enjoyment from the process. Working and obsg them let the researcher’s
interest in pursuing a more rigorous study of ating robotic camp curriculum and

guideline.

As a PhD. student and a research assistant tharcbse always believe that results
of the educational studies should have effectderetlucational system or outputs of
the educational studies should somehow have impadhe students. That is the
reason why he has been a volunteer at TEGV, becheseants to do something that
directly related with students and their learniDgsigning a robotic camp, working

with the children and witnessing their learningoa¢éxcited him toward this study.

1.6 Study Background

While coaching the FLL team of the park, the reslear and colleagues conducted
two pilot studies at the education park. The pdtudies conducted during summer
and fall semesters of 2009. The first study lastent week long with four hours a
week; the second was eight week long with two ha@unseek and conducted at
weekends. During the pilot studies, a co-researcbieserved children and
educational activities were evaluated. Moreoveg, tisearcher gained experiences
about target group, educational robotics activided LEGO Mindstorms NXT sets

and programming environments.

After the pilot phases, actual data were colledtech two ten days long robotics
camps. The camps were supported by The Scientific Teechnological Research
Council of Turkey (TUBTAK). First camp was implemented between 25th Janua
and 5th February of 2010 during the semester hpliddne second camp was
implemented between 12th and 23th July of 2010h Bainps were implemented at
The Educational Volunteers Foundation of Turkey rkiyie Egitim Gondlllleri
Vakfi, TEGV) Semahat - Dr. NUsret Arsel Educatiark®
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1.7 Explanation of key terms

The following definitions describe the key termsiethare used in this study. These
terms are explained in order to provide clear ustdeding and avoid ambiguity in

the interpretation of the phenomenon and the figslin
1.7.1Robots

Robot Institute of America (1982) defines a robat & programmable,
multifunctional manipulator designed to move olgettirough variable programmed
motions to perform a variety of tasks”(cited in Atg & Goodman, 1984, p. 1).
During the camps, the much simple and related itwreim life definition of the
robots were used. “A robot is a device that istiuilindependently perform actions
and interact with its surroundings. In a nutsheltpbot should be able to move and
react all on its own. If you are controlling itstiaas, it's just a remote-controlled
toy” (Kelly, 2010, p. 1).

1.7.2Lego Mindstorms NXT

Lego Mindstorms NXT is a programmable robotic khge second generation of
Lego’s Mindstorms product line, released in 2006r{&ri & Astolfo, 2007). The
LEGO Mindstorms NXT kits consist of a central blogke NXT), a set of sensors
(touch, ultra sonic, sound and light), 3 servomsitand a wide selection of LEGO
building pieces (including gears, wheels and stmattpieces). The NXT contains a
32-bit ARM7 microcontroller, 3 output ports (for toos), 4 input ports (for sensors),
a USB port, a loudspeaker, 4 buttons, a display &ldetooth wireless
communication (“Mindstorms: What is NXT,” n.d.).

1.7.3NXT-G

NXT-G is the programming software that comes buhdieth Lego Mindstorms
NXT. It has a graphical programming environmentéf@e programming is simple
and fun by dragging and dropping the code blocleshEcode blocks (represented by
icons) describe different behaviors and conneanthgth lines to describe program
behavior (Ferrari & Astolfo, 2007).



1.7.4STEM (Science, Technology, Engineering, Mathematigs

The acronym STEM stands for Science, Technologgirteering, and Mathematics.
“STEM Education is an interdisciplinary approach learning where rigorous
academic concepts are coupled with real world lessdhere students apply science,
technology, engineering, and mathematics in costdkiat make connections
between school, community, work, and global entegpenabling the development
of STEM literacy and with it the ability to compeatethe new economy” (Tsupros,
Kohler, & Hallinen, 2009, p. 10).

1.7.5Cooperation or Collaboration

Even though there are many parallels between cabperand collaboration, some
researchers emphasize their difference. In coapergbartners split the work, solve
sub-tasks individually and then assemble the pamdisults into the final output”

(Dillenbourg, 1999, p. 8). According to Webb & Palsar (1996) in collaboration
“the thinking is distributed among the members b€ tgroup” (p. 848) and

“collaborative learning is generally assumed tossmbe cooperation” (p. 848).
However, some researcher emphasize ambiguity dbeuneaning of collaborative
learning and states these two terms (cooperataraiteg and collaborative learning)
usually used as synonym and intractable (Johnsdol&son, 1996). In this study
these two terms will be used interchangeably amdntieaning of small group of

children working together to achieve shared goatsraaximizes their learning.
1.7.6FIRST LEGO League (FLL)

FIRST LEGO League (FLL) is offered by FIRST (ForetHnspiration and
Recognition of Science and Technology) to inspiiddie school students toward
science and technology and get kids excited aliolihe competition is for ages 9-
14 (up to 16 outside of the U.S. and Canada), #éifides theme-based challenges to
engage kids in research, problem solving, and eeging. The completion has two
parts the projects and the robot game (“FIRST LEGfgue,” n.d.; Lau, Tan,
Erwin, & Petrovic, 1999).



1.7.7Educational Volunteers Foundation of Turkey (TEGV)

Educational Volunteers Foundation of Turkey (TEGAV§s founded in January 23,
1995 by Suna Kira¢ with the aim of supporting thenpry education provided by
the government (Kirac, 2006). The objective of th@nprofit organization is “to
create and implement educational programs andaktriaular activities for children
aged 7-16, so that they can acquire skills, knoggednd attitudes supporting their
development as rational, responsible, self-confidgreace-loving, inquisitive,
cognizant, creative individuals, who are against Eind of discrimination, respect
diversity and are committed to the basic princigéshe Turkish’(*About TEGV,”
n.d.).
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CHAPTER 2

LITERATURE REVIEW

Chapter two provides an overview of the theoretimkground and a review of the
related literature about robotic studies in edweati In this chapter, firstly

constructionism -theoretical background of the gtuadlill be introduced. Then, the
historical evaluation of LEGO Mindstorms will beegsented. Later, the current
situation of STEM Education in Turkey will be exjplad. Next cooperative learning
issues, and the studies related to LEGO Mindstomresducational settings will be

summarized.
2.1 Constructionism
2.1.1Definition of Constructionism

In the 1960s, Seymour Papert and colleagues imticd research projects at
Massachusetts Institute of Technology (MIT), to emsttnd how children think and
learn. They invented the programming language dmidgophy of education which
is Logo. Logo has been used by tens of millionsabiool children all over the world.
Its theoretical background influenced educators agdearchers direction of
educational reform and roles of the technology @ucation. That theoretical

background is known as constructionism (Kafai & iRels, 1996).

Papert worked with Piaget at late 1950’s and ea8l§0’s in Switzerland, and he
stated that “in 1964, after five years at Piagéenter for Genetic Epistemology in
Geneva, | came away impressed by his way of looknhghildren as the active
builders of their own intellectual structures” (RRatp 1993, p. 19). Papert built his

theory of learning on the constructivist theori€Sean Piaget, stating that learning is
11



active construction of the knowledge in the leamarind, knowledge is not simply
transmitted from teacher to student. In additionctmstructivist theory, Papert
constructed his learning theory based on artifioiélligence theories and gender

and personality studies (Harel, 1991).

Papert makes the simplest definition of the corstvnism as “learning by making”
(Papert & Harel, 1991). He adopted the word corsittaism refer to everything that
related to “learning by making” and the idea behawshstructionism includes and
goes far beyond the idea of “learning by doing’atths the idea behind
constructivism (Papert, 1999). Seymour Papert att Harel made following
definition of constructionism in the first chaptdrtheir book Constructionism.

Constructionism--the N word as opposed to the Vdaor
shares constructivism's connotation of learning'baslding
knowledge structures” irrespective of the circumsés of
the learning. It then adds the idea that this hapgspecially
felicitously in a context where the learner is aaossly
engaged in constructing a public entity, whethisr at sand
castle on the beach or a theory of the universgpdia&
Harel, 1991, p. 1).

2.1.2Constructionism, Constructivism Similarities and Differences

As stated in the previous paragraphs, Piaget apdrPare both constructivists. They
viewed children as the builders of their own knalge. Knowledge is not merely an
asset to be transmitted, encoded, grasped, rethutecbnstructed and reconstructed
through personal experience. Learning means thatiege of concepts and rules

through an active process of doing and thinkingk@mann, 2001; Harel, 1991).

According to Ackermann (2001), Piaget and Papersa&o both developmentalists
which means they have common idea on incrementallatdge construction. They
both studied the condition in which learners’ thesabout a given phenomenon and
relation with a specific period of time. Howevemgrt in his book Mindstorms
Children, Computers, and Powerful Ideas (1993edt#tat he does not fully accept
Piaget’'s distinction concrete thinking and formlainking but he accepts that this

distinction close enough to reality. Piaget beltetlgat computer can concretize (and
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personalize) the formal thinking. Therefore, comgputan allow us to shift the

boundary separating concrete and formal thinking.

Constructionist view sees children as the actividdbu of their knowledge rather
than passive receiver of the knowledge from teachsrin constructivist view,
however constructionist view adds extra emphastexternal artifact” and “sharing
with others” (Kafai & Resnick, 1996; Maxwell, 2006)nlike Piaget, Papert believe
that learning as particularly effective when itdakplace in the context of a rich and
concrete activity, which the learner (child as wa## adult) experiences while
constructing a meaningful product such as a piéataork, a story, or a research
report. Therefore, he creates and emphasizesdagrriearning environments than
does Piaget in his experiments” (Harel, 1991, p. While accepting the Piaget’s
cognitive stages, “Papert is interested in howrlegs engage in a conversation with
[their own or other people’s] artifacts, and howesl conversations boost self-
directed learning, and ultimately facilitate thenstiuction of new knowledge”
(Ackermann, 2001, p. 1). He stresses the importaft¢eols, media, and context in

human development (Ackermann, 2001; Harel, 1991).
2.2 History: Logo to Mindstorms
2.2.1What is Logo

After returning to the United States, Seymour Pageunded MIT Artificial
Intelligence Laboratory with Marvin Minsky. Earlyosk of the Papert with his
research group included the development of the Lmrggramming language. First
version of Logo was created in 1967. Logo was cdempuanguage which
communicate with the Turtle. Turtle was wastebaskatd computer-controlled
cybernetic animal. Turtle made drawings on butgiagrer with mounted pen. Turtle
was commanded by children’s Logo program (Martinakt 2000; Papert, 1993;
Watt, 1982). According to Papert (1993) turtle seiras an “object-to-think-with”
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A first encounter often begins by showing the chilbv a

Turtle can be made to move by typing commands at a

keyboard. FORWARD 100 makes the Turtle move in a

straight line a distance of 100 Turtle steps of uiba

millimeter each. Typing RIGHT 90 causes the Tuttlgivot

in place through 90 degrees. Typing PENDOWN catises

Turtle to lower a pen so as to leave a visibledratits path

while PENUP instructs it to raise the pen. Of ceufs child

needs to explore a great deal before gaining masfewhat

the numbers mean. But the task is engaging enaughrty

most children through this learning process (Papk993,

p.11).
Most popular version of logo has floor turtle. I®70s the turtle migrated to
computer screen. Screen turtle was more accuratemarch faster than the floor
turtle that allow to children to create and examimare complex geometric shapes.
Some turtle shapes can change shape to birds,ptangs or whatever the designer

chooses (Martin et al., 2000; Sargent et al., 199&tt, 1982).
2.2.2Lego/Logo

In the mid-1980s Logo research group began to lootktion with Lego group. They
created Lego/Logo system which is combination ofjd_&echnic product (which

includes beams, gears, and motors) and Logo laegudwerefore, the turtle was of
the screen and turned back to into the world. Hawnelego/logo was different from

the earlier floor turtle. Lego/logo was not alredalyilt mechanical object. Children
can build their own machines such as a Ferris whedeVator, and robot creature
before programming them. Children did not restiacthe turtles (Martin et al., 2000;
Sargent et al., 1996; Watt, 1982).

In the late 1980s, Lego/logo system became comaibr@vailable. It was sold to
schools with the name “LEGO tc logo” by the Legowp. It was used more than
15.000 elementary and middle schools in the Ung&ates (Martin et al., 2000;
Sargent et al., 1996; Watt, 1982).

2.2.3Programmable Brick

Lego/Logo had limitations. The machines constructad children had to be

connected to computer with wires. When childrendusego/Logo to create mobile
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machines, wires limited its mobility. Wires got ¢ded with other objects in the
environments also they restrict the range of mashireach motors and sensors
should be connected to the computer with their aable. Therefore, they get
twisted in knots as the machine rotates. Moreateras difficult to think Lego/Logo
machine as an autonomous while it was attachedctorgouter (Martin et al., 2000;
Sargent et al., 1996). Fred Martin (1988) andrésearch group have overcome this
deficiency by first Programmable Bricks in 1987.eTRrogrammable Brick had a
computer inside, therefore to program the PrograbtenBrick you first write the
program on the computer, and then download theranogo the Programmable
Brick via a cable. Then, the brick can be discotestdrom the computer. The
program stored on the brick and the brick can waethanywhere and the program

can be executed without connected to a computarg€at et al., 1996).
2.2.4RCX

From 1992 to 1996 Randy Sargent and his colleaguested second generation
Programmable Bricks (Gray Brick and Red Brick).ldeork with tree classroom
usage of Red Brick were resulted some design upgradsize, LC screen, and Logo
programming environment. The idea of putting Logatesments as blocks (called
Logo Blocks) serves as the basis for the Lego Giatgyr commercial usage. Red
Brick and its field works would be basis for thevel®epment of the Lego RCX Brick
which shares many common features with the MIT Badk (Martin et al., 2000;
Mindell et al., n.d.). In their article “Buildingnal Learning with Programmable
Bricks”, Sargent and colleagues listed twenty thing do with a programmable
brick, inspired on Papert and Solomon's (1971) meaited Twenty things to Do

with a Computer.
2.2.5Lego Mindstorms

In 1998, the Lego Company released a new proddigidcthe LEGO Mindstorms
Robotic Invention Kit consisting of 717 pieces umihg LEGO bricks, motors,
gears, different sensors, and a RCX Brick whichtaios three input ports and three
output ports attached to a Hitachi H8/3292 micrataler (McWhorter, 2005;
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Mindell et al., n.d.). Lego Company believed ibaob design concept so strongly
that they gave the name of Seymour Papert’s boakt{iVet al., 2000).

Figure 2.1Components of LEGO Mindstorms NXT

First-generation Lego Mindstorms kit was replacethwego Mindstorms NXT kit
in 2006 (Figure 2.1). At the heart of the systemXST brick which is a multipurpose
controller that interfaces easily with a developtmangraphics computer. The main
processor of the NXT is a 32-bit Atmel® ARM® proses operating at 48 MHz,
with 256 kB flash memory and 64 kB RAM; an 8-bitMHz co-processor provides
additional functionality. It has four-button intade and a 100 x 64 pixel (26 x 40.6
mm) LCD display. It can communicate with a desktwdaptop computer with the
integral USB 2.0 port (12 Mbit/s) or the wirelesls®&ooth port, based on the single-
chip CSR BlueCore™ 4 (“Lego Mindstorms NXT Hardw&eveloper Kit,” n.d.).
In addition to the NXT brick, Lego Mindstorms NXTitkconsists of 577 pieces,
including: 3 servo motors, 4 sensors (ultrasoraonsl, touch, and light). The kit also
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includes NXT-G, a graphical programming environméat enables the creation and

downloading of programs to the NXT.
2.3STEM (Science, Technology, Engineering and Mathemias) Education
2.3.1Definition

Common understanding from STEM education that thegration of science,
technology, engineering, and mathematics conceptise curriculum (Scott, 2009).
According to Ohio STEM Learning Network definitiddTEM is greater than the

sum of its parts,

STEM is an acronym for Science, Technology, Enginge
and Mathematics, but what it teaches is far grethi@n the
sum of its parts. Critical thinking learned throu§iEM
education is applied across all disciplines, frofme t
humanities through everyday problem solving and;cafrse,
higher-level science (Ohio STEM Learning Networkd.h

Tsupros Kohler and Hallinen (2009) also emphasigerdisciplinary approach of

STEM Education.

“STEM Education is an interdisciplinary approach t
learning where rigorous academic concepts are eduplth

real world lessons where students apply sciencantdogy,
engineering, and mathematics in contexts that make
connections between school, community, work, arabal
enterprise enabling the development of STEM litgrand
with it the ability to compete in the new econonfy’10).

Robotics became the new approach to teach STEMeasbwith hands on
experience (Jim, 2010). Mataric, Koenig, and Baifer, (2007) asserted that
robotics has been proved that a superb tool fod$wam learning, not only of
robotics itself, but also general science, techyyl@ngineering, and mathematics
(STEM). Increasing attention has been paid to dgrey innovative tools for
improved teaching of STEM, including trough robetias a solution the current
shortage of students’ interest in STEM topics. Mee, Natioanl Science Board,
(2010) sees engineering is a field critical to weiton and exposure to engineering

activities such as robotics and invention compmigi can spark further interest in
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STEM. (Robotics studies to encourage interest T&N topics are given in
“Robotic Studies in Education” section of this cteajp

2.3.2STEM Education in Turkey

In Turkish K-12 education system, STEM educatioousth be investigated with
three separate courses which are Science and Teggn@Fen ve Teknoloji),
Mathematics (Matematik) and Technology and Desigkoloji ve Tasarim).

2.3.2.1Science and Technology

In 2004, Turkish Ministry of Education has prepar@dnew elementary school
(grades 1 through 8) curriculum. Ministry of NatdnEducation — Board of
Education (Milli Egitim Bakanlgl Talim Terbiye Kurulu Bsgkanlgi — TTKB)
evaluated inspectors’ and teachers’ report fronmcifi@s and reveled problems of
science curriculum at 2000 (TTKB, 2006). With thght of this evaluation,
technology dimension added to science curriculuchaass hours increased 3 to 4 at
a week (Tuysuz & Aydin, 2009).

Vision of the new science and technology curriculisnto raise all students
independent from individual differences as scieand technology literate. For this
purpose; The Board of Education (2006) stated tiaeacteristics of the new science
curriculum as based on constructivist approachclead with teaching activities and
multiple assessment methods and techniques, iséaen learning areas with four
content strands and there is a spiral approactedoh strand. The seven learning

areas are the following:

Physical Processes

Life and Living Beings

Matter and Change

The Earth and the Universe

Science Process Skills (SPS)
Science-Technology-Society-Environment (STSE)
Attitudes and Values (AV)

N o o bk bR
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2.3.2.2Mathematics

New mathematics curriculum has been developed anbeing implemented for
primary and secondary schools with the curriculangfe in 2004 in Turkey.

The Vision of the newly developed Mathematics aulim is stated as training
individuals who can be able to use the mathematidkeir lives, solve problems,
share their solutions and ideas, work in groupswand enjoy learning mathematics
(TTKB, 2009).

Newly developed mathematics curriculum is differérem the old one by some

aspects (TTKB, 2005). New mathematics curriculum;

» follows a conceptual approach, therefore the stisdeould understand and
embody mathematics with the help of their instdng and experiences.

* is based on the idea of the students should agtpestticipate their learning
process.

* gives opportunities to the students to express thigilities and individual
differences via projects and homework,

* provides environments where the students couldareke discover and
discuss to solve problems.

e gives opportunities to develop the students psydtom abilities via
materials and activities.

* gives opportunities the students an education #ggtropriate for the
environment they live in via activities adaptable different periphery

environments.
2.3.2.3Technology and Design

Handcraft {s Egitimi) course was replaced with Technology and DBesitourse at
2006 — 2007 education yea$ik & Kog, 2011). Vision of the course is training
individuals who can be able to realize the probletnsate solutions, build ideas and
share their solution, know how to learn, inquisabrentrepreneur, creative and
imaginative (TTKB, 2006b).
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The curriculum consists of three parts which arstesy, fiction and production.
With its spiral structure these three parts rep&iis7" and &' grades (TTKB,

2006b). Characteristics of the new technology aignh curriculum are:

« The program was prepared for students’ developrsi@gfe, interest, ability,
needs and expectation.

e ltis suitable to spiral approach

e It has common competencies with other Board of BEtlac accepted
and published courses (elementary education TurkiShcial studies,
Mathematics, Science and Technology).

* It has been based on student-centered approacth wiacle students as an
active participant and individual investigator iragtice.

» It contains class, group and individual activised to parts’ focal points.

» It contains biographies of scientists and inventiomsovation and invention
stories in order to develop self-confidence, tklabsituations from different
angles.

* It contains activities that aimed to stimulate stud’ creativity before in
class activities.

* It has a flexible structure because it will be sthjpy students’ individual
expectations, needs and interests.

» It provides formative evolution as well as summaibne.
2.3.2.4Current Status of Science and Mathematics Educatiom Turkey

The PISA (Programme for International Student Assest) evaluates the quality,
equity and efficiency of school systems by evabhratf 15-year-old school pupils'
scholastic performance. It is repeated every tlyears by the Organization for
Economic Co-operation and Development (OECD) (OEZI10).

According to the result of the PISA 2003, Turkeysw28" country between 40
attending countries with mean score of 423 at nmattties, 434 at science and 441 at
reading. These scores were statistically signitigdower than the OECD countries’
mean (MEB, 2005).
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In 2006, Turkey was 4% country at science, #3ountry at mathematics and "8
country at reading between 57 countries. The meanes of the Turkish pupils’
were 424 at science, 424 at mathematics and 4reading. These scores were also
statistically significantly lower than the OECD cuies’ mean (MEB, 2007).

PISA 2009 results was not different than the presiones, Turkey was %#Zountry

at science and mathematics and' ¢buntry at reading with mean score of 445 at
science, 454 at mathematics and 464 at readingelet@s countries. Although little
increase at the scores between 2003 and 2009 yearsank of Turkey did not
change and Turkey is still statistically signifitlgriower than the OECD countries’
mean (OECD, 2010).

With the reform on elementary education curriculiimm 2004, Ministry of the

Education emphasized information and communicagchnologies to visualize and
deepen the understanding of concepts (Ersoy, 2@86Jvever, results of PISA
scores show that there should be much more inn@vaiipport mechanism for
STEM education in Turkey.

2.4 Cooperative Learning
2.4.1Competitive, Individualistic and Cooperative Learning

In the competitive classroom setting, each studimties against to other students in
the classroom to achieve a goal that only one wrsteidents can achieve. Students
are graded on a norm-referenced grading, in whiattesits should work faster more
accurately than the others. Students’ achievemased on the other students’
failure. Therefore, in competitive classroom onlfga can be successful (Johnson &
Johnson, 1984, 1996). In competitive settingsy stave to better than their peers,
work to take away others, celebrates classmategida, think resources are limited,

recognize their negatively linked fate, and beliew@y the strong one will be

successful (Johnson, Johnson, & Hulubec, 1986).t Mbghe students perceive

school as a competitive enterprise. They eithekvinard to do better than the others
or they take it easy because they do not beliea¢ ey have a chance to be

successful (Johnson & Johnson, 1984).
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In the individualistic learning settings, studem®rk alone on learning goals
independent from the goals of the other studentlvidual goals are assigned each
day and students are evaluated according to fixateria (criteria-referenced
grading). The success or failure of other studetdes not affect their score.
Therefore, students are encouraged to focus on str&t self-interest, value only
their own efforts and success, and view succedailore of others are irrelevant.
They perceive that their achievements are unrelaitgdwhat the other students do
(Johnson & Johnson, 1984, 1996; Johnson et al§)198

Cooperation is defined as working together to aahighared goals. In cooperative
activities, each individual look for outcomes ti@neficial to individual and to all

other group members. Cooperative learning is tls&runtional use of small group
therefore students work together to maximize tb&mn and each other’s learning.
Unlike competitive settings, cooperative settingsult in students striving for mutual
benefit from each other’s efforts, recognizing taktgroup members have common
fate, knowing that one’s performance is mutuallpssd by oneself and one’s
colleagues, and feeling proud and celebrating tmgefor a group members’

achievement. In cooperative learning settings,ethisra positive interdependence
among students' goal attainments; students rethigtethey can reach their learning
goals if and only if the other students in the &y group also reach their goals
(Johnson & Johnson, 1996; Johnson et al., 1986).

2.4.2Basic Elements of Cooperation

Structuring cooperative learning is more than gnegmumber of students which are
sitting at the same table can freely talk eachroéimel working on their own work.
There is a difference between structuring studentsork cooperatively and having
students working in a group. There are five baEments to accept a group work as

a cooperative group learning (Johnson & Johnso84;1.®ohnson et al., 1986).

» Clearly perceived positive interdependence
» Considerable promotive (face-to-face) interaction

* Clearly perceived individual accountability and gmral responsibility to

achieve the group's goals
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* Frequent use of relevant interpersonal and smalkgskills
* Frequent and regular group processing of currenttioning to improve

future effectiveness.
2.4.2.1Positive Interdependence

In the cooperative learning environments each siisdeave two responsibilities: to
learn the assigned materials and to be sure thiéteamembers of the group also do
it. This dual responsibility is called positive eéndlependence. Positive
interdependence exists when one perceives thatatewll linked with the group
members in a way so that makes it impossible tsumxessful unless the entire
group succeeds (and vice versa) and they must icabedtheir efforts with the
efforts of others to complete the task. When pasititerdependence established in a
group work, students realize the fact that (1) egobup member’s efforts are
required and indispensable and (2) each group mehdsea unique contribution to
success of the group (Johnson & Johnson, 1996;sdohat al., 1986). Johnson,
Johnson and Smith (2007) divided positive interdelpace into three categories:
outcome, means, and boundary interdependence., Fitsén students are in
cooperative or competitive situation, the studemts directed to desired outcome;
that is goal or reward. Goals can be real or imaginGoal interdependence includes
goal, reward/celebration and fantasy. Second, meatesdependence which is
specifying the actions required on the part of gronembers includes overlapping
resource, role, and task interdependence. Lashdawy interdependence includes
environmental (i.e., different part of the room afferent room), identity (which
binds them together as an entity) and outside en@my negative interdependence

with another group) interdependence.
2.4.2.2Promotive Interaction

Positive interdependence causes to the secondtiessenmponent of cooperative
learning; promotive interaction. Promotive interactrefers to students encourage
and facilitate each other’s efforts to completeksas order to achieve the group’
goal. Promotive interaction causes to providing heather with efficient and

effective help and assistance, exchanging needsslimees, more efficiently and
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effectively information processing, providing fe@dhk to each other to improve their
subsequent performance, challenging each othernglgsion and reasoning to
advance decision making and better understandinigeoproblem, encouraging each
other for mutual goals, trusting group members aating trustworthy ways,
attempting to accomplish mutual benefit, and haanmgoderate level of arousal with
low levels of stress and anxiety (Johnson & Johnd®96, 2008; Johnson et al.,
2007).

2.4.2.3Individual Accountability/Personal Responsibility

The third essential component of cooperative legms individual accountability.
Individual accountability exists when the each wundlial’'s performance is assessed,
the results given back to the individual and theugrto compare against a standard
of performance, and the member is held responbiplgroup mates for contributing
his or her fair share to the group’s success. dlsse important that the group knows
performance of the members, who needs more asststasupport, and
encouragement in completing a task, just as ifwmant that group members know
they cannot "hitchhike" on the work of others. Stimes group members seek a free
ride when it's difficult to identify individuals'ontributions, when their contributions
are redundant, or when all members are not redplenfsir the final group outcome
(Johnson & Johnson, 1996, 2008; Slavin, 1991).

2.4.2 4interpersonal and Small-Group Skills

The fourth essential component of cooperative lagris interpersonal and small-
group skills. In cooperative learning groups, stugddearn academic subject matter
as well as the interpersonal and small-group skdlsoperative learning requires
group members to master the small group and intsopal skills they need to work

effectively with each other and function as paraafroup. If teamwork skills are not
learned, academic goals cannot be achieved. Trategréhe members' teamwork
skills, the higher the quality and quantity of thiglarning. This characteristic makes
cooperative learning more complex than competiéimd individualistic learning. In

order to achieve mutual goals, students must (tLjogenow and trust each other, (2)

communicate accurately and unambiguously, (3) dcaeg support each other, and
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(4) resolve conflicts constructively (Johnson & dsbn, 1996). However, the
students do not instinctively know how to interaffectively with others. They must
be taught the interpersonal and small-group skibsjuired for high-quality

collaboration and be motivated to use them.
2.4.2.5Group Processing

The last essential component of cooperative legrisngroup processing. Group
processing occurs when members discuss what meadbiens were helpful and

unhelpful and make decisions about what actiorsotdinue or change. The aim of
group processing is to explain and improve groupber’s effectiveness to achieve
the group’s goals. Group processing could be aehlidy enabling learning groups
to focus on maintaining good working relationshgmsong members, promoting the
learning of cooperative skills, ensuring that membeeceive feedback on their
participation, ensuring that students think abbeirtmetacognitive as well as their
cognitive work, and providing a way to celebrate success of the group and
reinforce group members' positive behaviors (Johr&dohnson, 1996; Johnson et
al., 2007).

2.4.3Cooperative Learning and Robotics

Robotics provide an environments that encouraget @momotes small group
learning and interaction (McGoldrick & Huggard, 200 Denis and Hubert (2001)
reported activity based on collaborative and pnobbased learning in educational
robotics environments called “educational roboticghey developed educational
robotics activities at primary and secondary schHeetls. The aim is not only that
the learners acquire specific knowledge but alsoudigplicative (e.g. consultation of
reference guides, note taking), strategic (e.glaegdions skills) and dynamic skills.
They stated educational robotics offers a greatodppity to collaboration.

Similarly, McGoldrick and Huggard (2004) study feed on peer learning in Lego
Mindstorms environments, and they concluded that s$kudents practiced and
reflected their group collaboration and peer laagrin addition to the improvement
on their problem solving skills. Beer, Chiel anduBlmel (1999) offer Autonomous

Robotics course at Case Western Reserve Univeldity.course uses Lego robotics
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to foster a hands on, interdisciplinary, teamworilemted approach. As well as
learning new approaches to robot control, the oliidengages the issues of real-
world problem solving, multidisciplinary teamwvkorand creative and critical
thinking. Baloian, Hoeksema, Hoppe, and Milrad,0@0used Lego Mindstorms in
their Challenge-Based Learning (CBL) method whelaispecial form of problem-
based learning, in which the problems are of reali®pen-ended nature. They
defined the instructors’ role as coach, co-expenigeand designer. As a sum, the
robotic activities like in a robotic camp providEalners cooperative environments in
which group processing and peer learning couldlyedse achieved. In that
environments, the role of the instructors arecho®.

2.5 Coaching

The teachers’ role in a cooperative group work iffeent that classic learning
environments. Coaching students’ group work proesse of them. Dennen (2004)
defined coaching as the monitoring students’ aadisiand assisting and supporting
them when it's needed. For most of the people, ltdaom brings to mind sports.
Coaching is also commonly heard in technology amglness settings. According to
Jonassen (1999) a good coach motivates learneatyzas their performances,
provides feedback and advice on the performancdshaw to learn about how to
perform, and provokes reflection on and articulatxd what was learned. According
to Tinzmann et al., (1990) coaching involves givihgits or cues, providing
feedback, redirecting students' efforts, and heglgheem use a strategy. The major
principle of coaching is providing the right amouwfthelp when students need it
neither too much nor too little so that studentmireas much responsibility as

possible for their own learning. The coach musalble to accomplish four goals:

1. Make sure that within each microworld the right ssldlls are acquired,
instead of ones that later have to be unlearned.

2. Design the right exercises, provide the right tetbgy, and select the right
microworlds to turn nonconstructive bugs into camdive ones.

3. Demonstrate a task the way a student did it inraimenaximize the student's

chances of recognizing his bugs.

26



4. Explicate knowledge in terms the student can utaedsand execute, that is,
give good instructions. (Burton, Brown, & Fisch£984)

2.6 Robotics Studies in Education

Papert (1993) says that robots are one of thetbek to implement constructivist
learning principles. Some of the studies with rabattivities resulted that robotic
activities increased students’ motivation towardtheenatics and science courses
(Robinson, 2005; Rogers & Portsmore, 2004). Theyide practice platform for
science and mathematics principles (Rogers & Pamsm2004), and increased
students problem solving skills (Beer et al., 1998urbakhsh et al., 2004; Petre &
Price, 2004; Robinson, 2005; Rogers & Portsmor®420However, some studies
could not find positive effect of robotics in edtioaal settings (Bjoerner, 2009;
Fagin & Merkle, 2003; Hussain, Lindh, & Shukur, 300McNally, Goldweber,
Fagin, & Klassner, 2006).

One of the large scale studies about robotics (\stf educational impact of the
LEGO Dacta materials-INFOESCUELA-MED. Final Repgrh.d.) was conducted
in Peru. The quasi-experimental, posttest-only aggn was used. Fourteen schools
were selected to participate in the study. The $anmpolved 553 students in grade
2, 566 students in grade 4, and 534 students oslegdaMany post-test employed to
assess the students’ ability to use mathematicléd s&lated to real world problems,
technology knowledge, Spanish performance, eye-heodrdination, problem
solving and self-esteem. After one year usage dBEQEthe results revealed that
students in the experimental group had outperforthedstudents control group in
math, technology, Spanish, and eye-hand coordmafibe difference between the

boys and girls were not significant.

Hussain, Lindh, and Shukur (2006) made similardasgale study to investigate the
effect of one year of regular LEGO training on psipperformance in schools in
Sweden. There were 322 students, 193 at fifth gaue 129 at ninth grade in
experimental group and there were 374 studentsal@@h grade and 205 at ninth
grade. Then they looked at achievements in mathesn&ir fifth grade students

before and after the training by using the standenalsample t-test, they found a
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positive shift in the mean from 0.711 to 0.817 wptlhralue = 0.000 indicating better
performances in mathematics for the trained gréigp.the problem solving, on the

other hand, they have found a slight shift in tippasite direction from 0.696 to

0.649 with p-value = 0.023 which is rather sigrafit. When ninth grade students
were compared they did not find any significanfedénce neither mathematics nor
problem solving.

Fagin and Merkle (2003) used robots to teach coempstience at 2000 - 2001
academic year. Their computer science course wangio 938 freshman year
students in 48 sections of 15-20 students eache Nih these sections were
designated as “robotics” sections, where they pieilaboratory instruction using
Lego Mindstorms robots and programming environmenkey found that the test
scores were lower in the robotic sections thanhi@ mnon-robotic section. They
concluded that this result occurred because stadembbotics section must run and
debug their programs on robots during assignedirnads, therefore deprived of both
reflective time and the rapid compile-run-debugleyautside of class that was an

important part of the learning process.

Williams, Ma, Prejean, and Ford, (2008) preparéd@week summer robotic camp
to explore middle school students’ physics conkgr@wledge and scientific inquiry
skills. A single group of 21 summer camp particiganas pre-tested, exposed to the
summer camp program, and post-tested. The resuheofstudy revealed that the
robotics summer camp had a statistically significampact on students’ gains in
physics content knowledge, however, no statisticgatinificant difference was found

on scientific inquiry skills.

Robinson (2005) has interviewed with the sciencachiers who used Robolab
(Mindstorms programming environment) in 8th gradhggics courses; the teachers
reported that; robotic activities increased stustambtivation and attitude toward the
physics and students’ inquiry skills. Moreover,rBetnd Price, (2004) observed and
interviewed the children who attended RoboCup Juféo- 18 years old) and
RoboFiesta (12 -14 years old). The children st#tatrobots had positive effect on
their programming, problem solving, and team wokils also hardware and
electronic knowledge had increased.

28



McNally, Goldweber, Fagin, and Klassner (2006) &el on disadvantages of the
robots in educational settings. They defined loggst and pedagogical
disadvantages. “The primary logistical disadvantsgeost. While it is not overly
expensive to outfit a lab with Mindstorms-basedotsbit is too expensive to provide
each Computer Science 1 (CS 1) student with their mbot. This implies that all
student experimentation is limited to the robotdadperating hours” (p.61). This
disadvantage was similar to result of Fagin and kié& (2003) study.
Unfortunately, various sensor of Mindstorms needbéore-calibrated for changing
physical environments, and battery level of theotakill change turning angle and
speed of the robots. Learned programming skillsushde both worthwhile and
useful; however learned programming skills from d&torms will not be reused or

reinforced anywhere else in the undergraduate @&ualum.

One of the study conducted by Barker and Ansor@@{R2focused on investigation
of the effectiveness of an informal 4-H sciencericutum to teach SET (Science,
Engineering and Technology) concepts and validatibrmssessment instruments.
LEGO Mindstorms kit and Robolab programming sofevarere used at an after-
school program and 42 students aged 9 to 11 paatexd the study. The result of the
study showed that even though there was improvementhe post-test with the

experimental group, the control group scored beitesome items.

Ruiz-del-Solar and Aviles (2004) developed ranfjeobotic activities to motivate
school children for pursuing studies in science atinology and university careers
in science and technology, increasing their teabgioal literacy and becoming
technology-friendly adults. More than 700 childfesm 7th through 10th grade and
90 teachers participated in the workshops. Theyuated the workshops with
questionnaires focused children’s satisfaction, ldweel of completed work and
interest in pursuing an engineering career. Thpygnted that 92% of the participants
satisfied with the workshop, 88% finished all thasic tasks during the workshop
and 86% of the participants indicated they willldal an engineering or science
university career in the future. They found thatdien’s self-motivation seems to be
the key element for their success during the wargshunmotivated children do
rather poorly. Moreover, the group structure ally$an important role for success
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of the workshop. Best group works occurred whewiptesly unknown participants
meet each other for the first time during the whdgsto form a working team.

In the fall of 1998, the Pennsylvania DepartmenEdtication granted Bloomsburg
University to support the creation of an innovatpmblem-solving course that
would use a combination of logic, hands-on expeegerand trial and error to help
students identify the process behind effectivelivisg problems (Mauch, 2001).
During summer of 1999, eight middle school teaclfrer® many districts enrolled in
a twenty hours course to learn about the LEGO Mordss system and how to
implement it within their curricula. In the secoweek, forty gifted students from 6th
to 8th grade attended a thirty hours camp taughhége teachers. The students were
placed in a group of four and each one receiveg@emific task such as builder,
programmer etc. The teacher reported that thiestests would be ideal and the
system should be more readily implemented in asob@sn where the same students
had the same robotic system each day for sevemgsvéauch (2001) concluded
that this new product has shown promise, “studemimain highly engaged
throughout the process because they visualize tlodiots as a toy” (p. 212).
However, cost, and classroom implementation argtimeary problems. In addition,
the nature of the system requires considerable ¢ingagement for both students and

teachers.

Bjoerner (2009) conducted a study with 300 Danisitdoen aged 9-14 focused on
the question of children’s attitudes towards robégichnology. Half of the children
participated in the robotic competition FLL (Fitstgo League) and the other group
(from the same geographic area) did not. He cordutat there were no significant
differences concerning attitudes towards robota/éetn children who participated in

the robotic competition FLL and children who did.no
2.7 Robotics Camps

Many universities and schools prepare technology aubotic related camp for
children such as Carnegie Mellon University (Noktxsh et al., 2005), University of

Minnesota (Cannon, Panciera, & Papanikolopoulof)72@annon et al., 2006),
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University of North Texas (Keathly & Akl, 2007), pscomb University (Nordstrom
et al., 2009) etc.

However limited number of the researchers sharie géxperiences about their how
they conducted the robotic camp. Murphy and Ros¢hlf000) presented their
daily teaching syllabus and they explained thevdigs in the camp. Moreover,
Nourbakhsh et al. (2005) offered the curriculunthedir course Robotic Autonomy
which is a seven week, hands on introduction tootiob design for high school

students with daily plan.

In addition, these studies are not aimed to defueeess factors for a robotic camp;
they just shared how they conducted their robatsoap and the activities. It is clear
that, there is need to define success factors afbatic instructional camp and

evaluation of these factors.
2.8 Summary and the Gaps in the Literature

This chapter began with the philosophy of the rmbstudies; constructionism and
continued with the history of LEGO Mindstorms rafdDne of the main purposes of
using LEGO Mindstorms in educational settings isstgpport STEM education.

Therefore, STEM education in Turkey was presengame robotic camp related
iIssues such as cooperative learning, and coacklated literature were expressed.
Then robotic studies in education were presentadtly the chapter was concluded
with limited number of the studies related to rat®tamp curriculum and activities.

The main point is that use of robotics for STEM @ation is untouched area in
Turkey and there is a gap on the literature abootess factors of a robotic camp.
Also, detailed educational robotics camp desigrigjines are not available. These

factors should be investigated to design bettec&tthnal robotics training camps.
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CHAPTER 3

METHODOLOGY

A research design ia logical plan for getting from here to
there wherehere may be defined as from an initial set of
questions to be answered, aridere is some set of
conclusions (answers) about these questions. Betitmze”
and “there” may be found a number of major stepduding
the collection and analysis of relevant data (2009, p.26).

“Here” of this study is the research questions deed in the introduction chapter.
This chapter describes the steps taken betweearobsguestions and conclusion. In
this chapter, firstly, research questions will leninded to the reader and then
rationale of why multiple-case design methodologpraach was chosen will be
described. Later, for better understanding of thedys some related concepts
“Young Inventors Build Robots and Discover Scie®ject”, The Educational

Volunteers Foundation of Turkey (TEGV) and Lego Nstorms NXT sets will be

explained. Then, implementation, data collectionl alata analysis phases of the

study will be described. Lastly, trustworthinesshad study will be discussed.
3.1 Research Questions
The study was guided by the following research tioies:

e What are the key design and development principdesan educational

robotics training camp?
For an effective robotic camp;
* How should the instruction be structured?
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* What are the group and gender issues?

« What are the issues and strategies about coopeiatih competition among
learners?

« How should coaching be provided? What are the sségle coaching
strategies and issues?

» What are the technical issues and strategies$aceessful training camp?
3.2 Rationale for the Multiple-case Design

After deciding the problem, the researcher shoeldct an approach to investigate
the problem. According to match between problem apbroach, personal
experiences and audience, the researcher oughiotse one of the approaches of
qualitative, quantitative or mixed method. Cresw2002) stated that ghenomenon
or concept deserves a qualitative approach whaeatls to be understood because
little research has been done on it. When theareker does not know the important
variables to examine, qualitative research is usbkcause it is explanatory.
Accordingly, the goal of this research is to untlerd the success factors of an
effective educational robotic camp. The researgheked qualitative approach to
investigate the problem, because of necessity pfoeatory design and lack of

literature about educational robotic camps.

Van Maanen (1979, p. 520) defined qualitative redeaas “an umbrella term

covering an array of interpretive techniques whidek to describe, decode,
translate, and otherwise come to terms with thenmega not the frequency, of

certain more or less naturally occurring phenomartae social world”. Denzin and

Lincoln (2005) identify six qualitative researchpég; case study, ethnography,
grounded theory, life and narrative approachestiguaatory research and clinical

research. Merriam (2009) also identified six qadiNte research types which are
basic qualitative research, phenomenology, grounieory, ethnography, narrative
analysis, and critical qualitative research. Aftciding to use qualitative approach,
the researcher should decide which type of quaigatesearch is appropriate to
investigate the research problem. When each qtraditaesearch types and their
characteristics considered, case study was chas#dreanost appropriate qualitative
research type for this study due to the followiagsons.
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Yin (2009) defines case study as “an empirical inguhat investigates a
contemporary phenomenon within its real-life cohterespecially when the
boundaries between phenomenon and context areleadycevident” (p. 18). He
also explains four different applications (to expladescribe, illustrate and
enlighten) of the case study. The most importaetisrthat case study can be used to
explain the assumed causal links in real-life weations which are too complex for
the survey or experimental. He stated that the sasky has a distinct advantage in
some situation in which “how” and “why” questionse deing asked, contemporary
set of events and little or no control of investaya The purpose of this study is to
determine the factors that affect success of atiob@aining camp. Without knowing
the success factor for a robotic training campg itnpossible to conduct a survey or
an experimental study. Therefore, robotic traincagnp(s) should be understood
with case study approach. Thus, each succeserdacbuld be defined and
described; illustrated how each factor affects laotic camp and enlightened how

these factors should be implemented for a sucdesdfatic training camp.

Yin (2009) advises that if researchers have théceh@nd resources), multiple-case
design should be preferred. Even if at two-case stgly, researchers have chances
of doing a good case study will be better thangisirsingle-case design. A common
example of multiple-case design is a study of sthowvation such as use of new
curricula, rearranged school schedules or a newatidwmal technology. Because of
all these characteristics and the match between réisearcher’s intention to
investigate the problem and Yin's (2009) explametiand suggestions; multiple-case

design was used to investigate the research probiéiis study.
3.3 Study Related Concepts and Issues
3.3.1Young inventors build robots and discover sciencerpject

The Scientific and Technological Research Courfcifurkey (TUBITAK) supports
“Science and Society Projects”. With these projetite aim of TUBTAK is to
transfer knowledge to society in an understandatdg. While doing this, the
knowledge should be visualized as possible asutdcbe and should be supported

with interactive applications. “Young Inventors BURobots and Discover Science
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Project” was designed and proposed to TUSK for this purpose. The scope of the
project was offering 10 days educational robotimpafor children. In the camp,
children design their robots with LEGO MindstormX'N robotic sets and while
designing their robots they realize how they cout®t mathematics and science
subjects in real life. The project was managednieyrésearchers from three different

universities and supported by TUB\K.

The first camp was implemented between 25th Janamady5th February of 2010
during the semester holiday. After the successfydlementation of the first camp,
the managers decided to organize the second onée sEcond camp was
implemented between 12th and 23th July of 2010h Baimmps were implemented at
The Educational Volunteers Foundation of Turkey rkiyie Egitim Gondllleri
Vakfl, TEGV) Semahat - Dr. Nusret Arsel Educatiark®

3.3.2The educational volunteers foundation of Turkey (TEV):

The Educational Volunteers Foundation of Turkey rKiyie Egitim Gondlllleri

Vakfl, TEGV) is a non-profit civil society organizan. TEGV was founded by Suna
Kira¢ to support eight year basic education (eléargneducation) on 23 January
1995. The foundation provides a comprehensive progof activities organized
within five learning areas; a) personal developmbhtsocial development c)
language, art, communication d) history, geogragfufture and e) mathematics,

science and technology

The aim of the foundation is to empower 7-16 yeddsprimary and secondary
school students to discover themselves, develomleisskills, broaden social
commitment and gain a global perspective. For phigpose the foundation consists
of three different types of facilities; educatioarks, learning centers and firefly

mobile units.

Today, donors of the foundation are more than 2@dtand and it is the first time
that foundation has donors at this count in Turkiéhere are more than 10 thousand
volunteers have been working for the foundatione Téundation gave non-formal

education for more than 600 thousand young pedpitad, 2006).
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The foundation is aware of importance of the tetdgywand emphasizes technology
related activities. All education parks of the fdation have computer laboratories
for supporting technology literate generations. 6kuhedge is my job” (Bilgi Benim
Isim, BBI) project reflects their concern about technologim of the project is
giving technology and computer literacy to 217.@0nary and secondary school
students in three years. Nearly, all education parkthe foundation attend FLL

robotic competition every year to give the childeenew vision.
3.3.3Utilized materials

The LEGO Mindstorms NXT Education robot kits werged for this study. The
LEGO Mindstorms NXT kits consist of a central blogke NXT), a set of sensors
(touch, ultra sonic, sound and light), 3 servommtand a wide selection of LEGO
building pieces (including gears, wheels and stmattpieces). The NXT contains a
32-bit ARM7 microcontroller, 3 output ports (for toes), 4 input ports (for sensors),
a USB port, a loudspeaker, 4 buttons, a display &ldetooth wireless
communication. Internal memory is used to storegmams, sound files, graphics
files and text files. Sensors can be mounted inyaaa of different configurations,
with up to four connected to the NXT at a time. THET supports up to three
motors, connected in various fashions, and powbyethree dedicated motor ports.
Bluetooth capability allows communication betweeXT& and other Bluetooth-

enabled devices.

The LEGO Mindstorms NXT kit provides a powerful;sgao-use programming
environment called NXT-G (Figure 3.1). The softwarables users to program their
NXT robotic inventions and upload programs to th&TNbrick via USB or
Bluetooth connectivity. Drag-and-drop programmirgp@ach is used in NXT-G.
That is user drag and place predefined programibplimgcks on the screen to create a
program. The users do not need to write any codeh Bblock performs a unique
function such as moving the motors, displaying asage, detecting a sound, or
measuring a distance (Perdue, 2008). It makes alewngl programs with the LEGO
Mindstorms NXT software fun and simple (Ranganati@uhultz, & Mardani, 2008)
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3.4 Implementation

Actual data for the study was collected from twao-tlays-long robotic camps.
However, the schedule of the study started lon@rieethe first camp. Table 3.1
summarizes the schedule of the study.
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Table 3.1

Schedule of the study

Activities Date Explanations

The first pilot study Summer semester Pilot study conducted with 12 children.
of 2009 4 week long with 4 hours meetings in a
week.

The second pilot  Fall semester of  Pilot study conducted with 16 children
study 2009 and an observer. 8 week long with 2
hours meetings in a week.

The first camp 18 January 2010  Two hours long one meeting with
instructors meeting instructors and project manager for
evaluation of camp curriculum and
activity sheets.
Two hours long

Practice of the 19 January 2010 Practice of the camp with 10 orldr
camp and 5 instructors between 13:50 to
16:00 at camp area.

The first camp 25 January 2010 The implementation of the first camp

o with 28 children studying'Bgrade.

5 February 2010

The second camp 16 June 2010 One and a half hours long two
mstruptors 07 July 2010 m_eetlngs be.fore the second camp to
meetings discuss curriculum changes with

instructors and project manager.

The second camp 12 July 2010 The implementation of the second
camp with 22 children at'6 7" and &'

to
grades.

23 July 2010
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3.4.1Pilot Studies

As stated in the introduction chapter, the researeh a volunteer educator at The
Educational Volunteers Foundation of Turkey (Tuekilgitim Gonallileri Vakfi,
TEGV) Semahat - Dr. Nusret Arsel Education Park.hdd been the coach of the

team attending to First Lego League (FLL) robotiompetition for two years.

The researcher and his colleagues had developedravieek robotics activities at
summer semester of 2009. In that summer semestelerds attended to robotic
activities for four hours a week. In the first wedkief information about the
components of the robot sets and programming soétweas introduced to the
students. The students constructed their robots twé help of manual. At the end of
the first week, students learned how to build armdy@am robots. In the second week,
the students used sensors with their robots suchiltessonic sensor to avoid
obstacles and light to follow a predefined pathr Hwe following two weeks,
students created their own robot. Students crea®ehario of the activity,

appropriate robot design and they programmed thbuwts.

According to the feedbacks of the first pilot studgme activities were redesigned
and second pilot study was designed. In the fatiester of 2009, the second pilot
study was conducted with improved activities. Therere some differences at
implementation of summer semester and fall semedstefall semester, the students
attended the robotic activities during weekendstammhours at a week, the summer
semester they had attended four hours a week. Haowaulike the four week long

summer semester, the fall semester was eight veeek Therefore, total class hours

for two semesters were equal.

At the end of these two pilot studies, the researtias got used to target audience.
The researcher tried to understand how they intevile robots, how they behave in
non-formal educational settings, and what kind ofbfems can occur in similar
settings. Beside the audience, the researchersedyagxperiences about NXT
Mindstorms sets and programming environments. M@emne colleague attended
to the second pilot study as an observer. Theseredtson notes were used to design

instruction and interview schedule for the camps.
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3.4.2The first camp instructors meeting

Just before the meeting of the first camp, thearedeer and the instructors joined the
“Young Inventors Build Robots and Discover ScieRmject”. Before that, the
researcher has been conducting pilot studies amdn#tructors also had prepared
learning materials for LEGO Mindstorms NXT sets ahe project had already
approved by TUBTAK. The camp curriculum was evaluated at the nmgetmostly
instructional aspects and science and mathemairusepts reviewed. It was decided
to prepare activity sheets for science and mathesnabncepts and each activity
sheet assigned to an instructor. Moreover, rolmmtrapletions and tournaments such
as programming robots to move exactly two meteth tiiree different tires decided
and suggested to add related activity sheets. Latganmunication was made via

email.
3.4.3Practice of the camp

After the camp program and activities preparedoptictactivities from second day of

the camp curriculum was practiced with five instans and 10 children at the hall

the place where the camp will be conducted. Aimghi practice were to evaluate

the appropriateness of the activities to targetema® and to measure their reaction.
After this practice and little revision, camp pragr has reached its final format.

3.4.4Case 1: the first camp

The first camp was implemented at The EducationaluMeers Foundation of
Turkey (TEGV) Semahat - Dr. Niisret Arsel Educatierk between 25January
and 8" February of 2010. Manager and staff of the pankeggupport to the camp;

they took care of from application to the camphi® ¢hildren nutrition.

Thirty sixth grade students attended to the camping the camp the children had
chance to learn programming of the robots with N&programming software and
work on science and mathematics activities with tB€&O Mindstorms NXT sets.
Camp curriculum and activities were prepared iroastructionist approach that is
main purpose of the camp was to create an environmbere the children could

learn by making.
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First six days of the camp, the children learntotab concepts and worked on
science and mathematics activities with robotslodohg three days, they built

robotic projects to propose a solution to some lgrab in their life. They presented
their projects to their families on the last daytlké camp (more details about the

camp and dairy of the camp can be seen in theamaxiter).
3.4.5The second camp instructors meeting

Before the second camp, two instructor meetinggewenducted to evaluate the first
camp results and to discuss required curriculunmgbaThe meetings lasted around
one and a half hours at 16 June and 07 July 201€.d€cisions were taken during
these meetings: (a) number of attended childrert brist most 24; (b) an instructor
would be assigned to each group; (c) competitiooulshbe keep minimum; (d)

learning station approach would be implemented;(ahdirst three days of the camp

the children would learn only programming.
3.4.6Case 2: the second camp

Like the first camp, the second camp was also implged at The Educational
Volunteers Foundation of Turkey (TEGV) Semahat - Nilsret Arsel Education
Park between 12and 28' July 2010.

Twenty two &'to 8" grade students attended to the camp. Unlike teedamp, the
children have taught robots and programming duttsegfirst three days of the camp.
During the next three days of the camp, each gjoined six different half day long
learning stations. Like the first camp, the chifdrereated robotic projects and
presented their projects to their families in tleofving days of the camp (more

details about the camp and diary of the camp casebgr at next chapter).
3.5Data Collection Procedure

According to Yin (2009), a case study researchoislimited to one single source of
data; a good case study benefits from having nmeltgources of evidence. He
defined six common sources of evidence which areuchents, archival records,

interviews, direct observation, participant obséorg and physical artifacts.
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Interviews, observations, field notes, and evatumforms were the data collection

methods for this study.

After related literature review and preparation tbé data collection tools, the
researcher took the required permissions for camuycesearch involving human
subjects from Ethical Committee of METU (See Appgr).

First day of the camp, the participants were askedheir parent permission to
attend the study. For this purpose, a consent fehith summarizes the camp,
ethical issues and asks for permission to theilddm to attend the study was
delivered. All parents accepted and signed the emdn®rms (See Appendix D).

Table 3.2 summarizes data collection tools andeuoce.
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Table 3.2

Data collection procedure

Methodology Sources Procedure When

Interview Participants Semi-structured interviews were recordedLast three days of the both
with a digital recorder. camps.

Focus group interview Other instructors Semi-stired interview was recorded  Just after the second camp.
with a digital recorder. (23.07.2010)

Observation — field notes  Participants in activityResearcher took notes and summarized tBeiring both camps.
sessions situation and digital cameras were used to

record the activities.

Evaluation forms Participants Participants answévad open ended At the end of every two or

guestions to evaluate the camp. three days of both camps.




3.5.1Interviews

Interview is “a process in which a researcher aradtippant engage in a
conversation focused on questions related to aresetudy” (DeMarrais, 2004, p.
55). A researcher conducts interview because ithés only way to understand
someone’s feelings, thoughts, and intentions. Wweer allows a researcher to enter
other person’s perspective (Patton, 1990). Thegmy data collection method was

one-on-one semi structured interviews with thedrkih attended to camps.

Interview schedule for this study was preparedhgyresearcher during a Qualitative
Research Course. With the guidance of the courstustor, interview questions
were prepared to address research questions. ieweschedule was piloted with
some of the students who attended to pilot stuégaBse of short interview time and
the feedback gained from the interviewees, some qeestions were added to
interview schedule. The final interview schedulelunles 9 questions with sub
guestions (See Appendix A). Example interview goestwere given below:

1. Can you evaluate the process you worked with r@bots
a. Was it fun?
b. How do you feel about the camp?
c. What are the benefits for you?
i. Can you give examples?
d. What have you learned in this process?
I. Can you give examples?
e. Have you had got into stuck?
i. Can you give examples?
2. Have you had problems with your group mates? Wihmat &f problems were
they?
Probe: Not taking responsibility
Probe: Personal problems
a. How did you solve these problems?

b. What should the instructors do?
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All final interviews were conducted by the sameesesher in order to ensure
consistency of data collection procedure and t@iabtnaximum reliability on the
data. Interviews were conducted during the lasteldays of the camp in a private
room. Before each interview, the interviewee wa®rmed about the interview,
confidentiality and asked permission for recordioigthe interview. Except one
participant, all participants accepted using am@eo Then, the researcher started to
interview according to interview schedule, if it svaeeded, further explanation and
clarification was done during interviews. Each mitew lasted from ten to twenty

minutes.

In addition to the interviews with the childrenetihesearcher and the instructors
(except one) conducted a group interview just dftersecond camp. Purposes of the
interview were mostly evaluating the instructioaapect of the camp, making self-

criticism, and discussing each camp’s positive @eghtive aspects.
3.5.20Dbservation

Observation, like interview, is another primary smuof data in qualitative research.
Observation has two characteristics which diffeegatit from interview. Firstly,
observation occurs in the settings where the phenomof interest naturally occurs.
Secondly, observer has firsthand experience witenpmenon and informant
(Creswell, 2007; Merriam, 2009). Participant-obs#ion is a special mode of the
observation in which the observer is not passinstelad, the observer takes a variety
of roles within a case study and may participatehm events being studied (Yin,
2009).

The researcher worked as an instructor at both safgerefore, he was a part of the
case and had a chance to experience the phenoraerivsthand. The researcher
observed the situation as a participant-observse. miain concern of the observation
was identifying the social issues, effectivenessthef robotic activities and the

positive or negative experiences they have livelde Tesearcher took notes and
summarized events when he needed and every evémingade a fair copy of these

observation notes.
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Moreover, a video recorder was used to record thmak atmosphere, to later
evaluate the events in the first camp. Before #eoisd camp, one of the advisors
advised to use two video recorders. Therefore,regorders were used in the second
camp, one recorder used to record the whole hdllcere recorder used to record a
randomly selected group. Thus, between and withinug social interactions were
recorded to evaluate in the second camp.

3.5.3Camp evaluation forms

During the camps, participants were asked to evaltiee camp every two or three
days evening with an evaluation form (See AppemJixAim of the evaluation form
was twofold, first, participants could have chanoceexpress themselves without
hesitating from group mates or instructors. Secbedause the researcher conducted
interviews with the participants at the last dajshe camp, it could be too late to
discuss some daily events. Evaluation form wastede@y the researcher and it
consists of four following open ended questions:

« What have you learned in the camp today?

* What are the positive or negative experiences yotlr group-mates?

* What are the positive or negative experiences thighinstructors?

* Could you evaluate today’s activities (deficiencisgggestions, positive or

negative experiences that affected you)
3.6 Data Analysis Procedure

“Analyzing the data in a qualitative study essdliytianvolves analyzing and
synthesizing the information the researcher obtdiosn various sources into a
coherent description of what he or she has obseoredtherwise discovered”
(Fraenkel & Wallen, 2003, p. 435). To start theadanhalysis phase, the researcher
transcribed all interview records and observatiotes. To give coherent description,
the date should be coded. Coding is analytic m®dkrough which concepts are
identified and their properties and dimensions diseovered in data. During the
coding procedure data are broken down in to diegpetrts, closely examined and
compared for similarities and differences. Eventmppenings objects and

actions/interactions that are found to be concdigtsanilar in nature or related in
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meaning are grouped under more abstract concaptede“categories” (Strauss &

Corbin, 1998). In this study, attribute codingustural coding, descriptive coding
and pattern coding techniques were used. Attribateng is coding a record of data
known about the case, such as participants’ chenatits or demographics. This
data is recorded separately from the text generbjethat case (Bazeley, 2007,
Saldana, 2009). Structural coding is another fygflec coding, and used to collect
similar segment of data that related to a speo#fs2arch question. Similarly, coded
segments of data collected for more detailed codimg) analysis (Saldana, 2009).
Descriptive coding is summarizing a class of phesanwith a segment of text most
often as a noun. Description is the basics foritatale analysis and its primary goal
is to assist the reader to show what you saw (Mildduberman, 1994; Saldana,
2009). Lastly, pattern coding is a second cyclergpdMiles and Huberman (1994)
defined pattern code as “explanatory or inferentiatles, ones that identify an
emergent theme, configuration, or explanation. Thel together a lot of material

into more meaningful and parsimonious units of gsial They are a sort of meta-
code... Pattern coding is a way of grouping thasersaries into a smaller number of

sets, themes, or constructs” (p. 69).

NVivo 8 a Computer Assisted Qualitative Data AnadySoftware (CAQDAS) was
used while analyzing the data. As Bogdan and Bik2007) stated, computer
program only helps to organize or categorized ta,dand it does not analyze data
for researchers. However, there are some advantdgesing a CAQDAS. Firstly,
these programs offer an organized filing systenrefioee data can be retrieved
according to categories or codes easily and thissgthe researcher more time to
think about the meaning of the data. Secondly,eh@®grams encourage a close
examination of the data. Thirdly, the concept nmegiure of these programs helps the
researchers to visualize relationships among dg¢ariam, 2009).

Because of the nature of Nvivo, first the listloé children who attended to the camp
were imported as individual cases and their attebugender, grade and schools)
were given. Later, interviews and evaluation foatso imported to the program and
the connection between a case and interview andati@n forms of that case were
done. This data preparation process was done simdg for the second camp’s
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data. The researcher created different Nvivo filmseach camp’s interviews and

evaluation forms, each camp’s video recordingsiasiductors’ interviews.

Especially interviews and evaluation forms filgstiy the data were coded as free
nodes. Later, these free nodes organized by usimgoNtree nodes feature.
Therefore, each camp’s data were coded and orghaim analysis of the each case
iIs completed.

In a multiple-case study, there are two stagesnafyais: within-case analysis and
cross-case analysis. For the within-case analymit ease treated as independent
research studies. When the analysis of the eaeghis@®mpleted cross-case analysis
begins. The researcher attempts to find generdaeapon that fits the individual
cases (Miles & Huberman, 1994; Yin, 2009).

For the cross-case analysis the researcher didseot any software, because the two

camps’ codebook were compared, their similaritied @differences easily perceived.
3.7 Trustworthiness of the Study

In quantitative studies, validity and reliabilityeatwo important issues, because the
inferences drawn should base on valid and reliald&. Validity is defined as
“...referring to the appropriateness, correctnessammgfulness, and usefulness of
the specific inferences researchers make basebeodata they collect (Fraenkel &
Wallen, 2003, p. 158). Reliability, “...refers to thmonsistency of the scores
obtained-how consistent they are for each indiMidiean one administration of an
instrument to another and from one set of itemsnother” (Fraenkel & Wallen,
2003, p. 158).

Validity and reliability concepts should be thouglifferently in qualitative research
because these terms are not suitable to natureaitajive research. Lincoln and
Guba (1985) substituted reliability and validity thvithe parallel concept of
“trustworthiness,” containing four aspects: crelitjni transferability, dependability,
and confirmability. Therefore, in qualitative resga we can mention credibility

instead of internal validity, transferability inatk of external validity, dependability
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instead of reliability and confirmability instead objectivity (Yildirim & Simsek,
2006).

Credibility (internal validity) “...deals with the @stion of how research findings
match reality” (Merriam, 2009, p. 213). AdditiongllMerriam (2009) suggests
strategies to increase the credibility of the firg#; triangulation (methods, source of
data, investigator and theory), member check, aateqengagement in data
collection and peer examination. Lincoln and Gub@86) also suggest prolonged
engagement, persistent observant, triangulatiazer debriefing and member check
(Guba, 1981) for credibility of a study.

The researcher tried to ensure credibility throfigdtly prolonged engagement. The
researcher was a volunteer instructor at the emucpark for two years. Moreover,
during the pilot studies the research work withgéargroup students in a camp
similar environment and activities. Secondly, tesearcher persistently observed the
situation (every day of the camps). The data wetkected with multiple methods
(interview, observation, camp evaluation forms amhtent analysis) and from
different sources (children and instructors). Beeaof the nature of dissertation
writing process, the process and findings were egatlreviewed by who acted as the

peer reviewer.

The second criteria to establish trustworthiness gualitative study is transferability
(external validity). Transferability is “concernedith the extent to which the
findings of one study can be applied to other sibma” (Merriam, 2009, p. 223).
Thick description and maximum variation in the séngpare the two strategies to
enhance transferability of the study (Merriam, 20®i#nsek & Yildirim, 2008).

To enhance transferability of the study, both cammgse described in the next
chapter, not only characteristics, differencesimiilarities but also each day of both

camps were thickly described.

The third criteria to establish trustworthiness dependability (reliability). In

quantitative studies reliability is concerned wiitithe study replicated could it yield

the same result (Merriam, 2009). This approach gualitative study is problematic

because human behavior’'s is never static, the mmgwertant question in qualitative
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studies is “...whether the process of the studgoissistent, reasonably stable over
time and across researchers and methods” (MilesiBeHnan, 1994, p. 278). Audit
trial (Lincoln & Guba, 1985) and intercoder agreatse(Creswell, 2007) two
strategy to enhance dependability of a study. “Aditatrail in a qualitative study
describes in detail how data were collected, hotegmies were derived, and how
decisions were made throughout the inquiry” (Memj&2009, p. 223). Comparison
of the code segments which are coded by differedércto establish the reliability of

the data analysis process is called intercodereageats (Creswell, 2007).

The researcher tried to explain the research desigme study that is how data were
collected, how categories were derived in a détallelp other researchers to repeat
the study. Moreover, randomly selected five intewxs and coding table were sent to
a graduate student, he was using Nvivo for hisystuid e-mail. He coded these five
interviews in Nvivo software. Then intercoder rbllay was calculated by using
“coding comparison query” feature of Nvivo softwakéinimum 86.82% agreement

was achieved. Complete coding comparison tabldeaseen at Appendix L.

The last criteria to establish trustworthiness iqualitative study is confirmability
(objectivity). In a scientific study, it expectelat the results of the study should be
objective, should not include the researcher’s dsaslowever pure objectivity is
impossible in qualitative study (Simsek & YildirirBD08). Therefore, the naturalistic
researcher looks for confirmability which “are ddished through an auditing of the
research process” (Creswell, 2007 p. 204) andgukmtion (E. Guba, 1981).

The researcher tried to ensure confirmability tiglouriangulation and detailed
description on the methodology of the study. Tridatjon achieved by collecting
date with multiple methods (interview, observati@valuation forms and content
analysis) and from different sources (children aradructors). Data from interviews
with children and instructors, observation (videsarding and the researcher’s
participant observation), camp evaluation forms gé&mdix B) and analysis of the

related studies compared to know how valid the getecategories were.
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3.8 The Researcher
3.8.1Role of the researcher

In qualitative research, role of the researchelifferent than a quantitative study. In
guantitative study the role of the researcher isg@s objective as possible in order
to make ultimate decisions. However, the resear@her natural part of the data
collection procedures in qualitative research (®kng Yildirim, 2008). It is

impossible to achieve pure objectivity (Patton, @Q9Therefore, the researcher

should clearly define his role and his biases endtudy.

In this study, the researcher is a volunteer of Elecational Volunteers Foundation
of Turkey (TEGV) nearly for three years. Last tweays, the researcher prepared the
students for the FIRST Lego League (FLL) compaiitiavhich is a robotic
competition around the world, on behalf of the TEBRkara Etimesgut Education
Park. Therefore, the researcher has experienceega Mindstorms robotic kits and
robotic activity program was designed by the regsarand his colleagues.

During the both camps, the researcher worked assamuctor. He spent all time with
the children from 9:30 am to 16:30 pm. The researdometimes explained the
subject to all students by using a video projeczometimes he worked with a group
to solve a problem as a guide, they played ganggester during breaks and they had
lunch together every day of the camps. Becausehefttadition in TEGV, all
instructors are called as “brother” or “sister” blyildren. Therefore, the relations
between the researcher and the children were migtterrthan an ordinary

instructor-student relation.
3.8.2The Researcher’s Biases

Literature about “robots in education” is not degugh, it is reported that there are
positive and negative sides of using robots in atioo. More studies are needed to
clearly understand the effects of robots in edocatirhe researcher thought that,
robots are another new media in media — methodtelebl@ expects that the future
of robots in education could be similar to radiaelevision’s place in education. In

history of instructional technology it was writtehat "tomorrow they will be as
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common as the book and powerful in their effecteamning and teaching" (Morgan,
1932, p. ix cited in Reiser, 2001) for radio, filmasd television. However over the
next 20 years radio had very little impact on instional practices (Cuban, 1986,
cited in Reiser, 2001).

On the other side, the researcher worked with tielren while playing with Lego
Mindstorms NXT sets. He observed what Papert (1988an saying “object-to-
think-with”. Robot sets to give chance to the ctald to apply what they have

learned in science courses and their problem spkfility while playing with them.

The researcher thinks that if we want to use raet$ somehow in education, we
should investigate educational potential, mediaibaites and other educational
aspects. We should be aware of both positive agdtive effects of using robots in

education before investing huge amount of money &and labor.
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CHAPTER 4

FINDINGS OF THE STUDY

The findings of the study will be presented in thieapter. This chapter consists of
three parts. One of the special features of the sasgly is descriptive means that the
end product of the case study should be rich aic# thescription of the phenomenon
(Merriam, 2009). For this purpose, the first campll vibe introduced with
participants, instructors, place and charactessflhien diary of the first camp will
be presented. Secondly, the second camp will keepted in the same way. Thirdly,
the findings from both camps will be presented atiogly research questions. After
presented each emerged categories, the researithgmopose robotics camp design
principles for that category by considering resoftshe interviews, camp evaluation

forms, observations and his own experiences.
4.1 Part 1: The First Camp

As stated in the previous chapter, the first camgs Wwnplemented between "25
January and % February of 2010, during semester holiday at TloeicEtional
Volunteers Foundation of Turkey (Turlgilim Gondlltleri Vakfi, TEGV) Semahat -
Dr. Nisret Arsel Education Park. The camp was aregahwith the support of The
Scientific and Technological Research Council ofkey (TUBITAK). Name of the
project was “Youndnventors Build Robots and Discover Science”. Thresgructors
from different universities of Turkey involved agattors, and two graduate and
four undergraduate students participated as irtsiisian the project. Moreover,
TEGV staff at Semahat- Dr. Nusret Arsel EducatiarkPsupported the project. They
organized the children who wanted to attend thepcgmovided the place and took
care of the nutrition of the children during thenga
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4.1.1Participants

“Young inventors creating robots and discoverinigrsce” robotic-science camp was
announced at its website: http://robotcampi.atditoL.tr. Moreover, activities
manager of TEGV Semahat - Dr. Nisret Arsel Eduoafark informed their
students who already attend the activities at TEE@W their parents about the camp.

The interested students accepted to camp by filinggistration form.

The camp was conducted at Etimesgut, Ankara whsckhé smallest district of
Ankara in area but"8in population (TUIK, 2010). Thirty children at"grade have
attended to the first camp but the interviews wemeducted with nineteen boys and
nine girls (Table 4.1). The researcher had intentednterview with all the
participants but one of them did not let the redlear to use sound recorder and one

of them did not attended to the camp on interview. d

All participants was selected from thé" Grade students because, the camp
curriculum was designed fof"6grade students. While designing camp curriculum,
6", 7" and & grades science and mathematics curricula werestigeged for
suitable subjects for robotics activities. The setj were chosen from"6grade

curriculum, therefore it is decided that particifsashould be B grade.

Table 4.1

Gender and grades of the first camp’s participants

Grade Boys Girls

6" 19 9

Most of the children were from surrounding scho@eme studies in education
classified Etimesgut as low socio-economic con{@zbay, 2003), some studies
classified as middle socio-economic context (OzkByyukikiz & Uyar, 2011).
Socio-economic status (SES) is a characteristic afolamily and identified by
education level, family income, parents’ occupatamd ownership (Kalaycgtu,

Celen & Turkyillmaz, 2010). There could be the faesilwith different SES level in
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any district; therefore it can be mentioned disttidn of the SES levels for a district.
In this study, the participants were not selectgdamdom selection; therefore, SES
level of the participants’ families could not beseenble to the district’'s statistics.
Thus, each participant and their characteristiesgaren in Table 4.2. A nick hame

has been given to each child according to camp euitd interview order.
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9%

Table 4.2

Participants of the first camp

Any Lego toy

Nick name Gender Father's job Mother's job  # of sibling Grade School experience
Kid.l.01 Boy Tradesman Housewife 4 the SeyhSamil IO - Public No
Kid.l.02 Girl Worker Housewife 3 B SeyhSamil IO - Public Yes
Kid.l.03 Girl Soldier Housewife 2 RS SeyhSamil IO - Public Yes
Kid.l.04 Boy Tradesman Worker 3 e SeyhSamil IO - Public No
Kid.l.05 Boy Retired Housewife 4 "6 SeyhSamil IO - Public Yes
Kid.l.06 Boy Tradesman Housewife 3 he SeyhSamil IO - Public Yes
Kid.l.07 Girl Tradesman Housewife 2 he SeyhSamil IO - Public No
Kid.l.08 Boy Tradesman Housewife 3 he SeyhSamil IO - Public No
Kid.l.09 Boy Artist Housewife 3 B SeyhSamil IO - Public Yes
Kid.l.11 Boy Not Working Academician 0 6 Teyfik FikretiO - Private Yes
Kid.l.12 Boy Doctor Officer 0 6 Teyfik FikretiO - Private Yes
Kid.l.13 Girl Worker Worker 2 6 SemihaiseniO - Public Yes
Kid.l.14 Girl Tradesman Nurse 2 g SemihalseniO - Public Yes




Table 4.2 (continued)

LS

Kid.l.15 Boy Worker Housewife 2 "5 Ali SuavilO - Public No
Kid.l.16 Boy Officer Housewife 3 B Ali SuavilO - Public Yes
Kid.l.17 Boy Not Working Worker 2 B Ali SuaviiO - Public Yes
Kid.l.18 Boy Officer Housewife 0 B Kog iO - Public Yes
Kid.l.19 Boy Tradesman Housewife 3 e Koc iO - Public Yes
Kid.l.20 Boy Worker Housewife 4 "5 Kog iO - Public Yes
Kid.l.21 Girl Tradesman Housewife 4 e Kog IO - Public No
Kid.l.22 Boy Officer Housewife 2 B Kog iO - Public Yes
Kid.l.23 Girl Tradesman Housewife 2 e Kog iO - Public Yes
Kid.l.24 Boy Officer Officer 2 8 Kog IO - Public Yes
Kid.l.25 Girl Tradesman Housewife 2 he Kog iO - Public Yes
Kid.l.27 Boy Worker Housewife 0 "5 Kog iO - Public Yes
Kid.l.28 Boy Officer Housewife 2 B Kog iO - Public Yes
Kid.l.29 Girl Officer Housewife 2 B Kog iO - Public Yes
Kid.l.30 Boy Officer Housewife 2 B Kog iO - Public Yes




4.1.2Instructors

In addition to the researcher, five instructors evattended to the first camp (Table
4.3). One of them (Instructor 5) was a PhD. studemt he has experience with
robotics, because he was a coach of a FLL teanhamndas also conducting studies
with robotics. Four of the instructors were at fipear of the university and they had
already prepared a project which was applicatiohdego Mindstorms NXT in

educational settings. However, these four instmgctmould not attend the whole

camp.

Table 4.3

Gender and grades of the first camp’s participants

Nickname Gender Experience
The researcher Male FLL and robotics activitiesBGV
Instructor 1 Female Project robotics in education
Instructor 2 Female Project robotics in education
Instructor 3 Female Project robotics in education
Instructor 4 Female Project robotics in education
Instructor 5 Male FLL and robotics studies
4.1.3Place

The camp was implemented at the biggest hall ofeithécation park. In the hall,
there is a platform for performance, a computer angrojection for presentation
tables and many chairs. Furthermore, there arebdtiptbasketball and volleyball
fields, and wide grass area at the outside of #nk. p
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Figure 4.1Picture of the hall

4.1.4Characteristics of the first camp

Constructionist approach was driving learning pdolehy of the first camp. Main
purpose of the camp was to prepare environmentgaasl for children to discover
about some science and math concepts from schawicldum. Since, it is

impossible to implement robotic activities for aficience and mathematics
curriculum; " grade science and math curriculum were analyzeil sasitable

concepts were chosen. Moreover, Carnegie Mellorvéssity, Robotic Academy
Curriculum was analyzed and appropriate concepis; approach and relation with
STEM curriculum (Science, Technology, Engineeringd aMathematics) were
evaluated. In addition, related literature abowg tlsage of the robots in STEM

curriculum was reviewed.

Educational Robotic Camp curriculum was preparexbing to the results of these
content analyses. In this curriculum, robotic ediocasuch as programming robot
for specific rotation with three different tires sv@ombined with the radius and
circumference concepts in mathematics. So, theleml firstly learned a piece of
programming and then they applied that piece ofjifaoamming to an activity which is

related to science and math concept in schoolauwin. Moreover, activity sheets
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were prepared for these activities, and they weresisting of some activity related
guestions and blank areas. It was expected thdémstsi answer these questions and
fill the blanks with their measurements and calicokes. Activity sheets are
presented in the Appendix F, G, H, and I. Detadggdlanation of the activities and

their implementation will be explained day by dater in this chapter.

Some robotic competitions were prepared at thegdesfi the camp curriculum. Aim
of these competitions was just to increase motwatf the children and add some
fun to the activities. The winner of the competiticould not get any prize. Winner

groups were only applauded by friends.

During the camp, number of instructors attendeccamp changed day by day,
therefore the instructors could not attached to groeip, they walked around and

they guided any group which needed guidance.

Three meals were given at the camp. Pastry and anijiice as breakfast at around
10:30. Lunch breaks were mostly given around 12803:30 and lunches were
varied. Snacks, similar to the breakfast, were gisen in the afternoon. Children
were taken from their home by school buses in tbenng and they returned back

with the same buses to their homes.

The first sixdays of the camp were reserved for the roboticsatthn, programming
and science and mathematics activities. Followingd days were reserved for the
robotics project work. The last day of the campg, ¢hildren presented their robots to

their family and friends. Detailed camp curriculisypresented in the Appendix E.
4.1.5Diary of the first camp
4.1.5.1The first day (25.01.2010)

Children had already arrived and were waiting ediit. Firstly, the instructors
introduced themselves and then the children inteduhemselves one by one. After
a brief introduction about the camp and camp’ss;utee children filled some pre-
test questionnaires which were requirements optbgect.
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Short robot videos were presented by using projetoe aim of short videos was to
gain their attention, increase their motivation aoels the camp and show them what
they would achieve at the end of the camp. Aftat,tthey watched a movie related
to robots. Then, they discussed about what robeisvehat the characteristics of a
robot are, the difference between a robot and ateroontrol toy etc. until lunch

break.

Afternoon session started with a game to form tgesups for the rest of the camp.
All children were acting like atoms and they walk&a@und. With the command of
the instructor they created a molecule with twoed¢hor four atoms, that is each child
linked his/her arm with the nearest stated numbé#reochildren. Lastly, they created

molecule with four atoms and this molecule became& groups.

Later, colored pencils and papers were distribtivedach group and they pictured
the robot in their mind. Then, each group presetitedr robots’ picture and its’
functions. After the presentations, all pictureseMeanged on a wall (see Figure 4.2)

Figure 4.2Robot pictures on the wall
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Around 14:00, Lego Mindstorms NXT sets were distrdal to the groups. Sets were
boxed and the children were the first ones to ofam. Therefore, firstly they
should arrange the pieces; they put the pieceslesbof the boxes. They started to
build their first robots according to the manual 1&:20. With the help of the
instructors, they built their first robots and themade a simple program to move
them. They did not use computer to program theiots, they made their program
on the NXT bricks. They played and explored the Ndfick until 16:20 and then
they picked up their robots and left the camp.

4.1.5.2The second day (26.01.2010)

Around 09:45 children arrived to the camp. Aftéting attendance and explanation
of the day’s program, all instructors came to ttafprm to perform a drama. In the
drama, each instructor acted as an object useditd twbots. One acted as user,
other one acted as computer, other one robot, &weChildren were asked what
would be the programming steps if the robot (irs tbase one of the instructors)
would go toward the wall, then when he saw the wah back and stop. According

to the children’s commands, all instructors perfedarama.

Around 10 o’clock, after the drama, paper and demere given to each group and
asked to write down programming steps for a secuabot which goes until
detecting an object, then turns back, goes straigtik detecting another object and
performs this action continuously. During the paperd pencil programming,
instructors were pretending like robot. They tobk paper, read the programs and
acted how the robot should behave according tdesrpprogram. Therefore, children
could easily grasp if the program had bugs. Umid breakfast break (at 10:30),
children could grasp basic understanding of thegmmmming, sensors and

surprisingly looping concept in programming.

After the break, NXT-G programming interface anddis architecture of the
program presented to the children by using walljgmtor. In NXT-G, to write a

program for the NTX robot is very simple. Childrda not need to write any code.
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By dragging and dropping the pre-defined blocks@guence and adjusting each
block properties, children can create a progranr. Z® minutes, one instructor
presented “move block” and its properties to thiédobn. After then, children made
some practice about move block and played with ribfeots until 11:25. As a
practice, children were asked to create a progréachmmoves the robot in perfect
square shape. Until 12:00 every group finished téds& by using eight move blocks.
One move block used for going straight and one mawek used for turning 90
degrees and that process repeated four times. Thennstructor challenged the
children whether they could make the same squawidg program with only three
blocks. With little hint, some groups figured oatuse loop block to make move and
rotate process four time, other groups reacheddnge point with more support of

the instructors.

Before the lunch break, all class evaluated whay thave learnt so far then they

went out for launch at 12:30.

After the lunch, activity sheets (see Appendix Eysvdistributed to the children. For
this activity, three couples of different size sirwere given to each group. For each
tire, children measured the diameters and circuenfax of the tires, and they have
found the required rotation to move the robot 50 lyntrial and error. They had
noted what they had measured and found on theitsicsireet. This activity lasted
until the afternoon break (at 14:45).

After the break, there was a competition about #usvity. Children had already
found required rotation for 50 cm movement of tbeat by trial and error. The
competition was making a program to move the rabaictly 2 meters without any
trial and error. The closest robot to the 2 méiaeswould be the first one and so on.

This competition repeated three times for threfebht sizes of the tires.

After the competition, children picked up the paof the robots and they left the

camp at around 16:15.
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4.1.5.3The third day (27.01.2010)

After taking attendance, all class started to talkl joke about their daily routines.

After this warming up talk, with the guidance of mstructor, the class discussed
about how a robot could turn 180 degrees. As darlditated, there are two ways to
achieve that; a) one motor turns forward and tleerobne turns backward, and b)
one motor stops and the other motor turns forwAftér stating the second way of

the turning, two instructors acted as motors ofrtmt; they stood close and walked
together. At the end of the platform, one instrustiayed and other instructor turned
around her. They performed same act, with widecesgsetween them. After that,

one child said that

“takes a longer path”

“daha uzun yol aliyor”

Once children realized the difference, activityethat Appendix G were distributed
to the groups. In this activity, children would easure the rotation of a tire to rotate
the robot 180 degrees with three different distaridween the tires.

While children were working on the activity, onesjoalist visited the camp and took
information about the camp. This visit did not d@rthe children, because he did

not carry a camera.

Until the breakfast break (at 10:50), children weatlon the activity. Just before the
break, the competition was announced. Competitias about making a program to
move robot 2 meters and turn 180 degrees and masketb the starting point. The
closest robot to the starting point would be thener and so on. This competition
was done twice with two different sized tires. Aftee competition, children left the

class for the lunch at 12: 50, half an hour lata@ntthe planned schedule.

Afternoon session started half an hour later thamal So far, children had just
programmed robot for movement. It was the timetémt$o a new concept, because
students were getting bored. The next subject wasass, after little talk about
sensor; the children attached touch sensor to tbleats by following the instruction

given in the manual.
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When all of the groups attached touch sensors, they should program the robot
was presented with wall projector. They have ledyrfevait for” block, which is
used for waiting for a specific action such asluhg touch sensor pressed then does
defined action. Then, they were asked for programgntiheir robots to go forward

until they touch an object than turn backward ag@rago forward and so on.

Except two breaks at 15:00 and 15:50, children edmn their robots and programs.
Some children did not even go out at the secondkbrand continued to work on
their robots. After 16:15, they packed up theiratsband filled the evaluation form
given at Appendix B. At 16:30 they left the camp.

4.1.5.4The fourth day (29.01.2010)

One of the directors of the project from the Sceefclucation department attended
to camp. However, four undergraduate instructorgccaot attend. There were four

instructors at the fourth day of the camp.

The concepts of the day were velocity, displacenaanlt time. Activity sheet in the
Appendix G was prepared for this subject. The caildvould measure the time for
three different speeds of the robots (power at gamogning interface of NXT-G) for
tree times and would calculate average speed afothat. In the activity sheet, A-B
distance was 8 meters. However, the platform at#mep area was shorter than this
distance. As a result, all instructors agreed omgugl meters for the distance

between A and B.

Firstly, they set motors’ power to 30% and measuhedtime for 1 meter and 4
meters with chronometers. While measuring the tithere was only one platform,
so there was a discussion about queue. The instrdiim Science Education
department collected one child from each groupraade a small oral quiz to decide

the queue for measurements of 50% powers and 100%rp.

When all of the groups finished the measuremen8®8% power, they had a break at
11:11. After the break, the instructor gave infotiova about velocity, displacement

and time and their relations by using small whitariol.
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Before and after the lunch break, they continuechéasure time for 50% and 100%
motor powers. When all the groups finished the mesament of time, the instructor
noted all groups’ average value on the board asclidsed about measurement errors
with the children.

The fastest robot tournament was that day's cornipeti Children were free to
design and program. The race would begin with eefsrwhistle, therefore they used
sound sensor for their design. Moreover, all grauged the biggest tires to get faster

robot.

Figure 4.3The fastest robot tournament

At the end of the tournament, one group was thenplan but the hardest discussion
of the camp started after the tournament. Othengg@bjected to get outside help.
After the discussion, instructors thought about petitions one more time. Around

15:46, they packed up their robots and they fittealevaluation form (Appendix B).
4.1.5.5The fifth day (01.30.2010)

Most of the children had complained about the mesiday’'s tournament and its
results on previous day’s evaluation forms. Thaeefthe instructors started the day
with a discussion with children. They tried to eaiplthere was nothing at the end of

competitions; they would not get any prize at thd.aVhy they gave so importance
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the result of the competitions. During the discoissithey voted to whether
organizing more competitions or not and they detid®t to organize another
competition on that day. Moreover, they made sohenges in groups because of

complaints from the group members.

Around 10:00 o’clock children started to add ulirdis sensors to their robots
according to the NXT manual. When they finishede anstructor explained how
they measure a sensor’s value from the NXT scrébey measured the distance
between an object and ultrasonic sensor and theg the activity sheet (Appendix

H). The competition in the sheet was not made.

After the breakfast break (at 11:23), the childretarted to build a security robot
which approaches to an object for 20 cm, then tbatk and goes straight until 20
cm to another object and continuously repeat thasgons similar to the

programming steps they had written on the secondafiahe camp. One of the
instructors started to use the referee's whistlgetoattention of the children and he

continued to use the whistle until the end of thep.

At 11:48, switch block was presented to childrethwvall projector. Switch block is
equivalent of “if condition” in other programmingriguages. With switch block, if a
condition is satisfied such as the value from sltrac sensor less than 20 cm, then
we can define the action of the robot and if ih@ satisfied we can define another
action. Later, the children made the same secuolipt’'s program by using switch
block.

Until that time, they used only one sensor at atiifhen, they were asked to use
ultrasonic sensor and touch sensor at the samettindesign a robot which plays

sounds while approaching to a wall like parkingsserand when it touches the wall
it would stop. They started working on this robeffdre the lunch and finished at

around 14:00.

In the NXT manual, there is a robot design whicls ba arm like jigger and it
approaches to ball's platform, if the ball is bibhen gives an error sound and goes

back, however, if the ball is red it hits the bédl.this design, two sensors; ultrasonic
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and light sensor are used. They were assignedltavfthe instruction in the manual

and make that robot design.

Until the end of the day, children worked on thibat design and programed by

following the instruction in the manual.
4.1.5.6The sixth day (01.02.2010)

They started by talking about what they have ledse far. They had finished one
week of the camp and they were going to start g#oersd week of the camp. As the
time passed, the control of children was gettingiéa One of the instructors stated
that they would choose the group of day. The mosteatess and obedient group was

going to be the group of the day.

There was no more activity sheet and the activitiesild be a bit improvisational.
The first activity of the day was upgrading theacsrity robots. The children were
asked to make required change on their robots avgkgms to follow the line and
play some sound in specific time intervals. Thdlggd about how robots can follow

a line, and which sensor they should use.

Until the breakfast break, children built requingagrade on their security robots by
means of the light sensor; their robots can deteet dark line from the light

background.

After the break, they were asked to make a robdthlwligoes around in the area
bordered with black line and pushes the randombced balls. They made a
program which detects the black border with ligénisor, when the robot reached the
border, turns back and goes until to reach othertpof the border and it does this
action continuously. Robots pushed the balls wia@domly meet the balls. Children

added wide pushing arms to increase the chandeahéeeting.

After the break, between 14:25 and 14:40, theytestathe last activity of the day.
Last activity was like the previous one, the robotuld go around the area but this
time would not touch the balls (See Figure 4.4).
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Figure 4.4Activity area

They added ultrasonic sensor to detect the balls did required change on the
previous program to avoid the balls. Around 151B@y packed up their robots and
they filled the evaluation form (Appendix B).

There was last thing should be done, selectinggtbap of the day. All instructors
collected together and picked a group becauseeaf kindly behaviors. Prize was to
have a Turkish flag on the table next day. Stiélythhad thirty minutes; they went
outside and played until 16:30.

4.1.5.7The seventh day (02.02.2010)

On the seventh day of the camp, the children stdadevork on their project. Firstly,
approximately 2 x 4 m area was bounded with blaok bn the platform. Also one
corner of the area was defined as base (See HgbyeFor the project, it was asked
them to design cleaning robots which would coltbcee cans and bring them to the
base. They had three days to finish their project.
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Figure 4.5Project area

They worked on their projects until lunch breakiat30 pm. A trip to Middle East
Technical University’s Science and Technology Muséwad arranged for that day.
After the lunch, they visited the museum; surpgfmthe staff working on the
museum started her presentation with a different kof robot. Her robot was
looking like a human with legs and arms. It madmeacrobatic movements and
danced. Then, she presented other scientific staff made some interactive
scientific experiments. After the museum, all creld were given a ride to their
home.

4.1.5.8The eighth day (03.02.2010)

Because they visited the museum on the previous they instructors had not
selected the group of the day; first they pickesl ghoup of the day. Then, resource
sets were distributed to groups. LEGO MINDSTORMSu&ation Resource Set
includes plenty of special elements such as beftgjue connectors, a worm gear,
and structural elements, as well as other LEGO ehsnsuch as beams, axles, and
connectors.
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The children worked on their projects with the hefgthe instructors all day long.
Two unusual things happened at that day; firstlge af the instructors (the
researcher at the same time) started to one tanteeview with the children in a
different room and secondly, one journalist visitik@ camp at 12:00. He took

pictures of projects and children and got informatabout the camp.

They filled out the evaluation forms (Appendix By the last time. The instructors
selected the group which would carry the flag &t and then they left the camp.

4.1.5.9The ninth day (02.04.2010)

One of the directors of the camp stated that itld/dne better if all groups present
different robots than all groups’ presentationhait cleaning robots. Therefore, they
decided that all group continue to work on cleamiolgots projects until noon, and
then they would choose a robot design they had beibre and rebuild that robots to
present their family.

Children worked on the cleaning robots until nho&ome of the groups finished
completely their design and program; however somth@m did not. One of the

finished cleaning robots design is shown in Figufe

Figure 4.60ne of the cleaning robots
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After the lunch, children were asked to think abth# robots which had been
designed during the camp and which design theyeudatd present to their family.

Because, all groups should present different rolibesy should choose which robot
they want to present. Each group assigned diffexaits such as one group would

present security robot and another group wouldgmtethe robot hitting the ball.

They worked on their robots until 16:20, and thie& group of the day was selected.

Time of the school buses for the families was anged and they left the camp.
4.1.5.10The tenth day (05.02.2010)

One of the instructors showed a newspaper. Thetlsawewspaper story about the
camp. They were quite interested in the story &ed pictures. They made the last
preparations on their robots until 11:20. Then, ythidled some post-test
questionnaires required for the project. At 11:¢ey started to rehearsals. Each
group would come to platform; each group memberldvintroduce himself; they
would present their robots and they would showpirdormance of the robot.

During the lunch break, the camp was cleaned aganized for presentations. In the
meantime, reporters from a television channel hadecto the camp and also they

made their preparations.

All guests arrived and took their place in the lzaltl presentations started at 14:45
pm. They presented themselves and their robotelasarsals. The families were

quite interested in their children’s performancdteAthe presentations, certificates

of the participation were distributed to all chédrand the staff. Later, photos were
taken and the camp ended at 15:30 of the fifthediré&ary.

4.2 Part 2: The Second Camp

Before the second camp, the first camp results weetuated and the curriculum
was discussed with all instructors and the direofdhe project at two meetings. The

meetings lasted around one and half hours on 16 dich 07 July.

Some changes were done on the curriculum as & mdhlese meetings. Firstly, the

first camp was so crowded; therefore they decidekkeep the number of children at
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24. There were six instructors and each group shimave four children. Secondly, at
the first camp the instructors walked between #ides and helped the children, for
the second camp the instructors would attend theaamhp and the number of the
instructors would not change during the camp, floeeethey decided to assign each
group to an instructor. Thirdly, because they hamne troubles about the
competitions and contests, so they decided to nmeimompetitions. Fourthly, they
decided to apply learning stations approach. Leagrstation is a center where the
children try to reach objectives through predetesdi activities (Ediger, 2011).
They defined six half day long learning stationd a@ach instructor would guide one
station. The groups would visit all the stationsrinly three days. Lastly, they
allocated the first three days of the camp to @ogning that is the children would
learn combining and programming of the robots, thveyild give everything about
programming at the first three days. Then, they l[d@iart learning stations and
work on for three days. Last four days were alleddbr projects and presentations

of the projects.
4.2.1The second camp

Like the first camp, the second camp was also implged at The Educational
Volunteers Foundation of Turkey (TEGV) Semahat - Niisret Arsel Education
Park between 12 and 28 July 2010 with the support of The Scientific and
Technological Research Council of Turkey (TIDBK). The staff of the TEGV
again organized the applications and acceptand@eothildren, took care of the
nutrition and support of the place. 24 childremiréth, 7th and 8th grade attended to

the second camp.
4.2.2Characteristics of the second camp

Like the first camp, driving philosophy of the sedo camp was also
consctructionism in which the children were suppario construct their knowledge
by making. The instructors avoided giving diredusions of the problems, they tried

to encourage, scaffold and guide them to solveptbblems.

Unlike the first camp, robots and programming wemphasized during the first

three days of the camp. All robotics staff like doning, programming etc. were
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given without any integration with science and reathtics concepts. It was
expected that, at the end of the third day thedodil would be competent about the
LEGO Mindstorms NXT and its programming, therefdfey can apply their

knowledge to learning stations and their projects.

4" 5" and &' days of the camp reserved for learning stationskw®ix different
stations were prepared by the instructors. Eadlostevas designed for half day long
and each station was guided by an instructors.eEifft mathematics and science
concepts were studied at these stations. A grosifedlia station at morning session
and move to other station at afternoon sessionreftwe, all groups visited and
worked at all stations during these three days.

4.2.3Participants

Twenty two children at different grade levels atteth to second camp. In the design
phase of the second camp, the instructors hadewt imformed about grade levels
of the children and they had been thinking that@fAeyrade students would attend
the second camp, like the first one. They prepdhedinstruction especially the

stations for the 8 grade. However, the grade levels of the partidipaaried in the

second camp. Participants’ gender and grade lavelshown at Table 4.4.

Table 4.4

Gender and grades of the second camp’s participants

Grade Boys Girls
6" 2 3
70 8 3
gh 1 5

Participant of the second camp were more from devachools contrary to the first
camp. In addition, three children attended fromegoments special dormitories for

divorced parents’ children. Because of the existesfdhe children without families,
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the researcher excluded the interview questiorda@lto family (father and mother’s
occupation and number of the siblings) from themiew schedule. Like the first
camp, nick names were given to the participant®raatg to camp and interview
order. Participants’ and their demographics arevshat Table 4.5.
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Table 4.5

Participants of the second camp

9.

Nick name Gender Grade School Any Le_go toy
experience
Kid.I1.01 Boy gh Merkez 50. Yilizzet BaysalO - Public Yes
Kid.l1.02 Boy 6" Teyfik FikretiO - Private Yes
Kid.11.03 Girl gh Kazim KrabekiiO - Public Yes
Kid.l1.04 Boy 7 Kadri SuyabakaiO - Public No
Kid.l1.05 Girl 7" Mesa KoruiO - Public Yes
Kid.I1.06 Girl 7" EtimesgufiO - Public Yes
Kid.l1.07 Boy 7 Sevgi Cocuk Yuvasi - Dormitory Yes
Kid.l1.08 Girl gh Koy HizmetlerilO - Public Yes
Kid.I1.09 Girl g Aga CeylariO - Public Yes
Kid.Il.10 Boy 7 Sevgi Cocuk Yuvasli - Dormitory No
Kid.ll.11 Boy 7 KociO - Public Yes

Kid.Il.12 Girl 6" SakarydO - Public Yes




LL

Table 4.5 (continued)

Kid.Il.13
Kid.ll.14
Kid.I.15
Kid.Il.16
Kid.ll.17
Kid.Il.18
Kid.Il.19
Kid.I.20
Kid.Il.21
Kid.ll.22

Boy
Girl
Girl
Boy
Girl
Boy
Girl
Boy
Boy
Girl

SeyhSamil IO - Public
EtimesguiiO - Public
EtimesguiiO - Public
EryamaniO - Public
EtimesguiO - Public

Sevgi Cocuk Yuvasli - Dormitory
Zekiye Gudulluglu iO - Public
Nurettin ErsiniO - Public
Ankara TED KolgjilO - Private
Ahi EvraniO - Public

Yes
No
No

Yes
No

No
No

Yes

Yes

Yes




4.2.4Instructors

All instructors who had attended to the first caatgo attended to the second camp
with the experience of the first camp. Moreoveg itfistructors who had been at final

year of the university had graduated and they déenio the camp as qualified

teachers. In addition, all of the instructors coaiftnd the everyday of the camp.

4.2.5Diary of the second camp
4.2.5.1The first day (12.07.2010)

All the children had sat and were waiting. The ittsh prepared for the camp were
distributed to children and the instructors. Viddéasn the first camp and a video
captured a TV channel news about the first campe weesented to the children to
get their attention. After a little briefing abotlie camp rules, the groups were
assigned randomly. One of the directors of the cgaye numbers 1, 2, 3, 4, 5, and 6
to each child in queue and repeated that four tifiken, all 1's made the group 1
and so on. Therefore, all groups were defined. Twegt out for the breakfast at
09:30.

After the breakfast the children filled pre-testegtionnaires until 10:15 and then
they had another break.

They started the discussion of what a robot isGaBA Two characteristics of the
robots were emphasized which are programmablerdaacact with the environment.
Each group set down their table and one instruateigned to each group. The robot
sets were distributed and the children exploredctiraponents of the sets with the
guidance of the instructors. Then, they construetesimple NXT robot (Domabot
(Kee, n.d.)) with the help of a construction shdégspendix K). After the break at
11:20, they learned how to turn on, turn off andgpamming buttons on the NXT
Brick and started to program the robots on thekbfathout using computer). Until

the lunch break at 12:15, they worked on prograngmin

After the lunch break, between 13:10 and 14:15y ttmntinued programming the

robots on brick. However, this time they used thasonic, sound and touch sensors
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on their robots and programs. After the break faack at 14:15, they collected the
robots and played some physical games, such as tugr and charade.

4.2.5.2The second day (13.07.2010)

The children arrived to the camp at 8:45, and titvery took their robots sets. The
robots they build yesterday were so simple, thekdrup the robots and they built
their robots according to the manual until 9:40g(ffe 4.7). In the meantime, the
instructors changed their groups; that is for thenimg session they worked with
different groups. After the breakfast, they strie NXT-G programming interface
and blocks architecture of the program was predentberefore, they started to
program their robots at the computer, sent to tiegnam to the robots and run the
program on the robots. Except the break betwee@014:11:15 they worked on
programming and learned move, record/play, souis@)al and wait blocks until the

lunch at 12:15. One instructor presented what thseks are, how they can use

these blocks and asked them to create a speaifgrgon by using these blocks.

Figure 4.7Children are building their robats
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Afternoon session started at 13:40, the instruatbesnged the groups they worked
with and they continued to work on programming. stes, parallel processing,
switch and loop concepts were described and pragraere done by the children
about these concepts. Two children decided nottémé the camp anymore because

of personal reasons. The camp was ended at 15:00.
4.2.5.3The third day (14.07.2010)

The camp was started at 8:40 by taking attendamzkthen they reviewed what they
had learned about programming. Until the breakfastk at 9:30, they worked on
the robots to follow the black line, with the ligkgnsor.

After the breakfast, they started to work on a &itvanced concept, making
connection with a wire in the program. With the egir value of a variable can be
transferred by one block to another one, such asdstevel from a sound sensor can
be transferred as input power level for the motdtserefore, the robot can move
slowly in silent environment and move faster indaenvironment. After the break
between 10:30 and 10:50, they made an arm to tbhéiots according to NXT
manual. They would make golf playing robots like tlirst camp. That day, the
lunch was arranged a bit earlier than usual anglghes lunch break at 11:00.

Afternoon session was started at 12:30; they progred the robots for hitting the
red ball and giving error sound for the blue bAfter the break between 13:15 and
13:35, some programming hints like exiting fronoagd and cleaning the memory of
the NXT were explained. Lastly, they made a progtanwrite the values of the
sensors to the NXT screen. Snack break was givetd4#0. When all groups
finished the programs, they were asked to breatkeip robots, because the next day
learning stations would start. They filled out tteenp evaluation form (Appendix B)

for the first three days of the camp. They left¢henp at around 15:00.
4.2.5.4L earning stations (15-16-19.07.2010)

Six half day long learning stations were prepaksth groups visited all the stations
during these three days. This time, instructors atadions were stationary and

groups were mobile. Like the previous days, thepatarted at 8:40 and finished at
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around 15:00. The breaks were like usual duringehree days. At the end of the
sixth day they also filled the evaluation form (Agoyplix B).

At each station, different science and mathematiceepts were examined with the

help of the robots.

Figure 4.8Children are working at a learning station
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4.2.5.4.1Geometrical shapes station

In this station, the children worked on geometrglape concepts which are triangle,
square, rectangle and circle. They firstly, disedsabout the characteristics of these
shapes then they made required calculations angrgoned their robots to draw

these geometrical shapes.
4.2.5.4.2Circumference —pi station

Aim of the station was to teach (or review) radidsmeter, circumference pi and
distance and their relations. The instructor reei@whe children knowledge about
these concepts and then the children measuredlkabtiie activity sheet (Appendix
J)

4.2.5.4.3Gear station

The children discovered the relation between tkessbf a gear and its’ effects on
the velocity of the robots. The children tried drfint sized gears to transmit the
motion from motors to wheels and measured the uglo€the robots.

4.2.5.4.4Sound station

They have learned sound and the characteristi¢Beofound such as sound waves
and frequency. The children built a theremin (a icalsinstrument controlled
without touch) with two light sensors and simplg aith eight touch sensors.

4.2.5.4.5Velocity station

The children examined the velocity, distance antetrelations at this station. With
the different power level of robots, the childreeasured the time for 2 m and 3 m
distances, wrote down their notes to activity sh@gipendix H) and drew the

distance versus time graphics.
4.2.5.4.6Sensors station

The children measured the data from rotation, spligitet and ultrasonic sensors and

evaluated their graphics with the help of the NXU Rata Logging software. They
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programmed the robots to collect the data, trarsdethe data file to the computer

and discussed about the measured data.
4.2.5.5The seventh day (20.07.2010)

They were scheduled to start their projects at dagt Therefore, they started with
discussion about their projects. Some of the olildalready had ideas about their
projects, however the rest had not. Until 09:3@, theakfast break, they were let to
discuss about their project with the guidance ef ittstructors. Each group had an

instructor and they would not change until the ehthe camp.

After the break, each group presented their progee, their robot's mission, and
which sensors they would use. Then, they startedvéok on their projects.
Meantime, the extension packs were distributedhéogroups. At 11:30 lunch break

was given.

Afternoon session started at 13:10 and lasted LBtl5. Except a long snack break

(it lasted half an hour) they worked on their potge

Figure 4.90ne of the projects: irrigation robot
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4.2.5.6The eighth day (21.07.2010)

They continued to work on their project as usualesitle; the camp was started at
08:40 and finished at 15:10. Except the previoys dgournalist visited to the camp,
asked questions about the camp, how they feelTéte. children presented to her

their robots as much they had built.
4.2.5.7The ninth day (22.07.2010)

The children continued to work on their projects the scheduled time. The
researcher started to one to one interviews welcthildren in a private room. At the

end of the day, they filled the evaluation form p&pdix B).
4.2.5.8The tenth day (23.07.2010)

The camp started at 8:40 as usual, the childrertewslown what they would say
during the presentation and memorized their cuegn]Teach groups came to the
platform and made rehearsal because, afternoonvibeld present what they had
built to their families. Other students and instous at the education park visited the
camp and children gave information about their gutg. At 10:30 the required post-

tests were distributed to the children, they fitedm until lunch time.

During the lunch break, the camp area was cleanddearranged for the families.
At 13:10, the education park’s manager and thenptiopect manager gave little
briefing about the camp. Later, all groups presgrteir robot and showed their
performance. After distribution of the participaticertificates, the photos were

taken and the camp ended around 14:30.
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Figure 4.100ne of the groups presenting their robot project

4.3 Part 3: Data Presentation

This part presents the findings of the interviewishvwehildren from both camps,
interviews with instructors, observations, evaloatiorms and field notes. Variable-
oriented (Miles & Huberman, 1999) strategy is usddle presenting the results.
When a researcher look for themes that cut acrasssg it is better to choose
variable-oriented strategy than case-oriented ®has, the researcher looks for the
design principles for an educational robotics irajncamp, data are represented in
variable-oriented approach. According to reseansdstions emerged categories and
themes from both camps are presented.

After the second camp the researcher and the atstsu(one of the instructors could
not attend) conducted a group interview to evalumatestly instructional issues of

both camps. It will be nonsense to assert thatfitise camp was better than the
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second one or vice versa. Each camp had positivgpanents or better instructional
values than the other. Therefore, instructors caathaach camp according to issues
related to research questions. Themes and categarie also supported with

instructors’ evaluations about the concepts.

Because the number of the children attended to samag not the same, 30 children
attended to the first camp and 22 children attentdetie second camp, additionally
percentage of the children (# of the children altoumber of the children x 100) also
presented in tables for each themes and categéigse 4.11 presents overview of

the themes and categories and their relations.
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Figure 4.11Concept map of the themes and categories




4 .3.1Instruction

The first sub-question is how the instruction skddag structured for a robotic camp.
After the analysis of data, three categories entkagethe instructional aspects of the
robotic camp which are learning outcomes, evalnatibthe camps’ components,

and career.
4.3.1.1Learning outcomes

Learning outcomes theme emerged with similar categdrom both camps. The
children expressed their learning outcomes fromctraps three different categories
which are robotics, mathematics and science analsskills. Robotics category
covers all robotic related outcomes, similarly neatlatics and science category
covers the mathematics and science related rolaattosties and children’s outcome
from these activities and social skills categoryeass social outcomes of children

from both camps.
4.3.1.1.1Robotics

During both camps, it was observed that childrenagzustomed to robot concept.
For example, when they were talking or working,ytiveere using robot related
words properly or they know the properties of eaehsors and how the sensors
should be used. Except one of the children, théd@n had not touched a robot
before. All children stated that they have learmnelotics at the camp. Sometime
they expressed their learning with general wordte [{l have learned robots”;

sometimes they used more specific words such a®sgrprogramming etc.

Table 4.6 presents the frequencies (number of lildren mentioned about related
sub- categories) of robotics related sub-categdraes the interviews with children

and camp evaluation forms from both camps.
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Table 4.6

Robotics
I. Camp II. Camp
Category Sub-category
# % # %
General robotics knowledge 9 30.0 5 22.7
. Programming 17 56.7 21 95.5
Robotics
Sensors 19 63.3 11 50.0
Mechanic 11 36.7 5 22.7

4.3.1.1.1.1General robotics knowledge

The children worked on robots during ten days, assalt of it they got to know

what a robot is and its characteristics. During ititerviews and evaluation forms
they used mostly more specific terms such as pnogriag, sensors etc.; however
nine children from the first camp and five childrélm the second camp used
general term “robots” while expressing their robsticontent knowledge, the
children stated that they have idea about whattsohi@ and what they can do.

Kid.l.22 mentioned his robotics content learning as

R: So, do you think that it was useful for you?

Kid.l.22: Yes, | think.

R: For example, what usefulness it has?

Kid.l.22: For instance, formerly when someone nw@d about
robots, | did not know what it is. Now | can answets of
guestions instantly. | can even make a robot myelf have
program.

R: Peki sana faydasi olgunu ditiniyor musun?

Kid.l.22: Evet. Dguintyorum.

R: Mesela ne gibi faydasi oltur.

Kid.l.22: Mesela bana robot dedikleri zaman eskidem ne diye bakardim.
Simdi robot hakkinda bir soru sorsalar hemen cevapta Bir robot yapabilirim
tek bgima program falan olsa.

Likely, Kid 11.16 expressed his benefit from thenga with general terms about

robots as:
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R: Ok, do you think that the camp was beneficigian?

Kid.Il.16: Yes, | do.

R: For example, what kind of benefits?

Kid.Il.16: | learnt what robots can do. | learntahl can make a
robot too.

R: Peki kampin sana faydas! ofdlunu diytinmiyor musun?

Kid.ll.16: Distnuyorum.

R: Mesela ne gibi faydasi olgtur?

Kid.ll.16: ...Ondan sonra robotlarin neler yapahitgini 6grendim. Kendimin
de bir robot yapabileg&mi 6grendim.

Similarly Kid.l.19 reflected his robotics conteetirning in evaluation forms as;

Kid.l.19: Positive things are that we came here $eatned lots of
important things and learned about robots. We ledrhow to
make a robot too.

Kid.l.19: Olumlu olaylar, bizim buraya gelip dnemeyleri &renmemiz ve
buraya gelerek butin bilmefimiz o robotlari yaparak, robot yapmayi da
Ogreniyoruz.

The children get basic understandings about roddiecause they worked with
robots during ten days. Although most of the cleitdstated their robotics knowledge
with more specific words such as sensors and pnogiag, some of children stated
their general understandings about robotics. Tisfructional outcome of a robotics

camp is called general robotics knowledge undeotio category.
4.3.1.1.1.2Programming

One of the most stated learning outcomes of bothpsawas learning of the robot
programming. Most of the children (17 of 30 chikdfeom the first camp and 21 of
22 children from the second camp) expressed thay thave learned robot
programming at the camp. Moreover, it was obsetkatichildren can grasp “loop”
concept so easily that impressed the researchégroudh most of them had just basic
level computer literacy, they stated that they h#erned programming in the

camps.

Kid.l.20: | have learned how to program too. Fostiance, | was
very interested in computers. Before these aawjiti did not know
so many things at the beginning... | have learnedy@mming
too.
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Kid.l.20: Program yapmay! da gdendim. Mesela ben bilgisayar ile cok
ilgileniyordum. Onceden. Ama bu kadar bilmiyordumik baglarda...
programlamayi da grendim.

Kid.l.14 has aware that the camp was a chanceato le®botics and programming.

She stated learning outcomes of the camp as:

R: So, in this duration do you think you have |lemrsomething?
Kid.l.14: Yes.

R: For instance, what you have learned?

Kid.l.14: A lot of people do not have power to masieots while
sitting at their homes. This is reality. We cameetend learnt how
to make these robots. In fact, here we have lealoisdof things
that we could not learn at outside.

R: Peki bu surecte bireyler grendigini distiiniyor musun?

Kid.l.14: Evet.

R: Mesela neler grendin.

Kid.l.14: Yani bircok kii evde oturup da robot yapmaya guct yok yani. Bu bi
gercek. Biz buraya gelerekté robotlari programlamayi grendik. Dyarida
Ogrenemeyeg@miz bir siriseyi &rendik diyebiliriz aslinda.

Also, they stated learning of programming in thaleation forms.

Question: Today what have you learned in the agtivi

Kid.l.03: We have learned how to make a program déar
designed and built robot to go straight and retwhen it meets an
obstacle and then a program for our robot to walkide an area
and throw balls inside it without going outside.

Soru: Bugtn etkinlikte nelegendiniz?

Kid.l.03: Tasarlayip kurgulagimiz robotun normal olarak ilerleyip bir engel
goriince dénmesi icin gerekli olan programi, soncoatumuzun verilen alan
icinden c¢ikmadan, toplari c¢ikarmasi icin gerekliaml programi yapmayi
Ogrendik.

During first three days of the second camp thedecéil focused on programming,
they built a basic robot according to manual anehtithey just worked on the
programming during the first three days of the seéc@amp. Therefore, the
programming aspect of robots was more emphasiztteatecond camp. As a result
95% of the children at the second camp statedliegthave learned programming of
the robots also in evaluation forms. This was sbingtnew even for students who

identify themselves as familiar or good at comgaiter
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4.3.1.1.1.35ensors

NXT Education basic set which was used in the caogmses with one light, one
sound, one ultrasonic and two touch sensors. Otleeoimportant characteristics of
the robots different from any remote controlled ideus their interaction with the
environment. This interaction occurs through semsbherefore, sensors are the one
of the important parts of the robots that makeot®las robots. Like the researcher,
the children had heard the sensors like parking@ebut they hadn’t a work with
them before. During the camps they worked with adlithe sensors in the set.
Nineteen children at the first camp and elevendcén at the second camp stated
their learning of sensors, mostly in the evaluatanms. In their statements it can be
seen that they did not state like “I have learresl gensor” they gave detail about

characteristics of the sensor and how they used#msor.

R: How is robot camp?

Kid.l.15: It is very beautiful and entertainingh&d not known light
sensor, ultrasonic sensor but now | have learned. 8¢ some
places with light sensor. It returns when it seck bands. With
ultrasonic sensor; if it sees obstacles, it hasdsaand lifts cans.

R: Robot kampi nasil?

Kid.l.15: GCok glzel genceli. Hi¢ tanimadiim ik sensorl var, ultrasonik
sensOrd hi¢ bilmiyordum amgimdi &grendim. kik sensoru ile bazi yerleri
goriyoruz. O siyah bantlari gérdikten sonra gerndgor. Ultrasonic sensorde
engeli goriince elleri var elleri ile bidonlari aby.

Like the first camp, Kid.ll.11 from the second carmemphasized on learning of

SEensors as.

Kid.Il.11: Yes | learnt. How a robot is programmeuahd put a light
on it. | learnt how a light sensor works...

Kid.ll.11: Evet @rendim. Robotun nasil programlagginasil robot yapmayi
nasil robotungik yapilir. lsik sensort nasil ¢calir onu @rendim...

Correspondingly learning of the sensors was expteesa the evaluation forms from

both camps.

Kid.l.15: We have measured the light tones withtligensor. We
changed the direction when the ultrasonic senses s& obstacle.

Kid.l.15: Istk sensori ile renk tonlarini 6lgtik. Ultrasoniknsér ile engel
goriince yon déstirdik.
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Kid.l.29: We have learned how to mount sound seresod
program from computer and start sound sensor wipgtaaise.

Kid.l.29: Robota ses sensoriini takip bilgisayargesgramlamayi, allsiayinca
ses sensoruni ¢alirmayi gGrendim.

Kid.ll.07: | learnt that how our robot evaluatesetlsound, vision,
and light sensors.

Kid.ll.07: Robotumuzun ses, gdrmesiki gibi sensorleri nasil 6lcglini
Ogrendim.

During the camp, the children worked with four difnt sensors. As a result of this
engagement, children had learnt how to use a seAsdhe children expressed, they
learnt not only what is a sensor, but also thewterdogic how to use a sensor to

solve a problem.
4.3.1.1.1.4Mlechanic

When they asked what they have learnt from the ¢cammp of the answers was
learning of combining pieces. A Lego Mindstorms NXJet comes with

approximately four hundred pieces and with a resmget the number of the pieces
more than a thousand. With these building elemigt€hildren can create their own
design. The children valued combining these piexe® learning outcome of the
camps. Eleven children at the first camp and fivédeen at the second camp stated
that they have learned combining the Lego piecéls imointerviews and evaluation

forms.

R: So, when you mention about learning, could wluvthat you
mean?
Kid.[.04: How to mount program that is building Laeg

R: Peki @rendim derken nelerigiendin bunlari sdyler misin.
Kid.l.04: Programlamayi takmay1 mesela oyei Yani Legolari birlgirmeyi.

R: So, did you learn something from the camp?

Kid.ll.17: Yes, | did.

R: For example, what did you learn?

Kid.Il.17: | learnt how to program. | learnt how toun and
combine them.

R: Peki birseyler &rendin mi sence bu sire i¢cinde kampta.
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Kid.ll.17:Ogrendim.

R: Mesela neler grendin?

Kid.ll.17: Iste programlamayi grendim. Onlarl nasil birlgtirecegimi falan
Ogrendim c¢alstirmay1 &rendim.

Similarly, the children expressed combining Legecps as a learning outcome in

evaluation forms.

Kid.l.15: How to combine several materials and maskot and
make it walk with passion...

Kid.l.15: Birgok malzemeyi birjéirip robot yapmayi, azimle robotu yuritmeyi...

Kid.ll.09: I learnt how to combine the robot partensors and how
to put them.

Kid.l.09: Robotun parcalarini, sensérlerini bigrmeyi, takmauyi...

4.3.1.1.1.9nstructors’ opinions about robotics

The instructors think that the second camp has mos#tive effects on the robotic
concept learning programming, mechanic, sensorsLéte Instructor 2 stated the
main reason for better learning outcome was fixatlmer of the children each group

and appointment of an instructor to each group.

The children have learnt robotics better, in aduitito robotics;
they have learnt the concepts very well, becauseethivas an
instructor for four children. The instructors ordgre them and ask
them one by one. All of them have learnt betteraddlition,
evaluation of the students was easy. (Instructor 2)

Cocuklar robotu daha iyi grendi, robotu arti konulari ¢ok iyigiendiler ¢inki
egitmene dort grenci diyuyor. Sadece onlarla ilgileniyorsun ve onlara tek t
sorabiliyorsun. Hepsi cok iyigiendi bide ayrica grencileri dezerlendirmekte
kolay oldu (Eitmen 2).

One of the instructors stated that after three dafyshallenging programming
section, the learning stations was so easy anddffiatted children’s motivation
negatively.

After complex programming, passing to the scienced a
mathematics concepts were easy. Because only “moweimand
was used, you know, how could | say, they backwagdatively
transferred. It is like we block their speed. (fnstor 3)
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Zaten hani o kompleks programlardan sonra gecgincefea matematik
mufredatina konularina kolay kaldi “move” komutukullaninca sadece orda
hani ¢cocuklar geriye nasil denir olumsuz aktarmduolHizlarini kestik gibi bir
sey oldu (Eitmen 3).

That could be interpreted as during the camp thielrelm should be continuously
challenged and their motivation should be kept hdghing the camp. One way to
achieve that, request them to create more and rabaienging programming

activities even work on science and mathematiasifes.
4.3.1.1.1.6Conclusion on robotics

Robotics content knowledge (general robotics kndgde programming, sensors,
mechanics and interest in robotic) was an inewtalhltcome for successful robotic
activities. The most important outcome of both canmas that the children have
learned programming. The children’s and instructoterviews and the researcher’s
observation proved that. Although, programming ddug very challenging for that
age children in classical programming environmentsh as basic or Pascal, NXT-G
programming environment makes programming undedstale for children. Even,

the children could use nested loops at the endeo€amp.

It is obvious that the programming section is itedlie part of a robotics training
camp. At the first camp, programming was mixed withth and science activities
for example the children had learned how to mowe mbbots then they made
circumference and pi activities. After that, theyowed back and continued
programming. However, first three days of the sdcaamp focused only on
programming, the children have learned just prognarg these three days than
learning stations started.

Percentage of the children who stated that havendédathe programming at the
second camp was much higher than the first camglenthstructors also stated that
the children learned programming better at the rsgcoamp. However, it was
observed that some of the children had troubleteember how to use some blocks
at projects section in the second camp. Duringl&laening stations (three days
between programming and the project sections) thilren made only simple

programming mostly with move blocks. Therefore,yttwould forget how to use
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some of the advanced blocks. Moreover, firstlyieay advanced programming in
robots then moving to learning stations could aeorease the children’s motivation

towards learning stations.

The second important result under the roboticsgoateis learning of the sensors.
Like our sense organs, the sensors are cruciad pathe robots. Robots can interact
with their environments through their sensors. Bagirihe camps, the children have
chance work with sensors while building their rabdAs a result of it, most of the

children stated their learning about sensors.

Mechanic sub-category which is related to conngctirego pieces to create
functional part of a robot was also stated outcoaidmth camps. During the camps,
the children did not get direct/formal instructicsisout how they build their robots
like programming or sensors. Programming and sensoncepts were firstly
presented to them and then the children work olsetheoncepts. However, the
children build their robots according the manualghwthe guidance of the

instructors.
4.3.1.1.1.Design principles for robotics

While designing a robotics camp, robotics conceptsuld be carefully considered.
Robotics concepts instructions could be design ufale heading, general robotics

knowledge, programming, sensors and mechanics.

General robotics knowledge could be presented eab#ginning of the camp with
interesting activities like videos, drawing pictsyeole playing games and guiding
questions. The children’s attention toward the sctisj could be directed like what a

robot is? What the differences between a robotaaramote controlled toy are?

Programming, sensors and mechanic concepts cotlldenseparated, that is these
three subjects should be given to the children goeatly. When the children built
their first robots, they want to operate them imragdy however a robot could not
operate without a program. In the same vein, acseculd operate only when it is

programmed.
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The content of the instruction at a robotics canspsuld be organized from simple
to complex and subsequent content should be inezfjrevith former one. For
example, firstly, the children should build theobots. Lego Mindstorms NXT’s
manual gives building instruction of a base robdddwever, it is advised to start
simpler base robot like in Appendix K. Later, theguld build the design in the
manual. Toward the end of the camp, the childresulshbe encouraged to build

their own design for their projects.

Similarly, the children should start programmingthwisimple move command.
Meanwhile, the sensors concept should be integratéte instruction. During the
programming and sensors instruction the childreoulsh have chance to practice
what they have learned. In addition, they shouldcchallenged with programming

their robots for specific missions.

Three days (around 6 hours a day) instruction @eds quite enough to introduce
NXT Mindstorms sets and teach NXT-G programmingiemments with advanced
panel and necessary practices. Therefore, whildgmiag a robotics camp
approximately 18 hour’s should be reserved for &medntal robotics instruction

section.
4.3.1.1.2Mathematics and science

Suitable mathematics and science concepts werstigaged by using robot sets at

both camps. Activities were prepared at the fiemip and learning stations were
prepared at the second camp for mathematics aedcgcconcepts.

As stated in the “diary of the first camp” secti@aativities in the camp were related
to mathematics and science. First two activity shé@ppendix F and G) were

especially related to mathematics and their subjegtre circumference, radius and
pi. The third and fourth activities (Appendix H amy were related to science

concepts and their subjects were velocity and sound

However, as explained in the “diary of the secoathg” section mathematics and

science concepts were investigated at learningpstabetween the fourth and sixth
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days of the second camp. Geometrical shapes, diecante-pi, gears, sound and
velocity concepts were the subjects investigatddaahing stations.

Table 4.7 shows the frequencies of mathematicssamhce related sub-categories

from the interviews with children and camp evaloatiorms from both camps.

Table 4.7

Mathematics and science

I. Camp II. Camp
Category Sub-category
# % # %
Math reinforced 7 23.3 1 4.5
Interest in math 2 6.7 2 9.1
Mathematics . .
Circumference - pi 7 23.3 9 40.9
Geometrical shapes - - 4 18.2
Science general 10 33.3 - -
Science reinforced 4 13.3 2 9.1
_ Interest in science 1 3.3 1 4.5
Science
Gear - - 8 36.4
Sound - - 7 31.8
Velocity - - 6 27.3

4.3.1.1.2.1Mathematics

Totally sixteen children from each camps expregsesitive effects of the camps
their mathematics knowledge. They stated that dutine camp they have learned

with fun, like the statement of Kid.l.25.

Kid.l.25: It has improved my mathematics. My maékitl svas not
very good this year but because it was funny heceuld have

learned math.
Kid.l.25: Benim matematimi gelistirdi. Benim matemagim pek iyi dgildi. Bu

sene. Ama buradakenceli oldgu icin gsrenebildim matematimi.
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Seven of the children from the first camp and rehédren from the second camp

stated that they have learned circumference — saglibject at the camps.

R: So, do you think that the camp was beneficigbia?

Kid.l.20: Yes. In my fifth class, my teacher hadgta radius. In
fact, | could not have understood some terms sicphi aaumber.
Here with XXX teacher | could have understood more.

R: Peki kampin sana faydasi ofdlunu diytinilyor musun?

Kid.l.20: Evet. Bginci sinifta @retmenimiz yaricapi anlatgil. Onun pi sayisini
falan onlari acik¢as! anlamagtim. Burada XXX abla ile beraber ¢ézerken iyice
sey oldu.

Kid.l.23: | had a problem with math. When we weadcalating
circumference of wheel, with using meters | hawned it so |
have relaxed.

Kid.l.23: Matematikte bir sorunum vardi. Tekerlelevigsi hesaplamada
metresini falan Olctgimizde nasil hesaplanagal Ggrendim. Rahatladim o
ylzden.

Kid.l.24: Yes. The ambient here is beautiful thaa $chool. And if
| compare with the school, here | have learned mileim school
such as science and math. For example, at calegadiameter,
circumference and area topics, | tried to learn mand | believe
that | learned.

Kid.l.24: Evet yani okuldan bir kere burasi dahazgliyani buradaki ortam
glzel okuldan ve okulla kiyaslarsak yani okuldakieddigimden daha cokey

Ogrendim burada fen olsun matematik olsun hesaplardalazap cevre alan
hesaplamasinda falan burada daha gely &Grenmeye cajtim ve @rendim de
yani ben bdyle inaniyorum.

Similarly, the children expressed their contentwlsalge about circumference — pi

in the evaluation forms.

Kid.l.20: We have learned that in order to returrrabot 180°, a
motor should be stopped. Moreover, | have learhad in order to
find the way a wheel goes we have to calculateuniference x
round number.

Kid.l.20: Bir robotun 180 derece doénmesi i¢in biotorun durmasinin gerek
oldugunu &rendik. Bir de tekerin algh yolu bulmak icin ¢cevre uzurgu x tur
sayisi oldgunu &rendim.

Kid.Il.08: Generally, we learnt diameter, radiusnd pi humber
too.
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Seven children from the first camp and one chitthfrthe second camp expressed

that they have already known the some mathematwsepts but the camp

Kid.l.08: Genel olarak ¢cap ve yaricap ayni zamampiaayisini... grendik.

reinforced their mathematics knowledge throughvés.

Two children from each camp expressed that the liked the mathematics at the

camps.

Kid.l.29: At mathematics, in fact | had known burtave improved
topics such as circumference etc. | had learnetbatth class but
because it was not this year, | have improved.

Kid.l.29: Matematikteste cevre gte onlari gerci biliyorum da biraz petti iste
bu sene grenmedgimiz icin daha ge¢medik onlara dordinci sinifggemmistik
daha da béyle pei.

Kid..03: ...We have made calculations with maththiose activity
sheets, there were always calculations. We mada.tkeom that
point it was helpful to us. We could have both owpd it and also
had chance to repeat the things that we have lehaidifth class
but not this year.

Kid.l.03: ...Matematikten hesap yaptik. Zaten oiétlet k&sitlarinda surekli
hesap vardi. Onlari yaptik. O ac¢idan bize yarafdw Hem pektirme hem
besinci sinifta @renip bu senegrenmediklerimizi bir genel tekrar yapsrolduk.

R: Is there anything else that you have learnt?
Kid.II.20: | had chance to repeat science and nsathjects.

R: Baska @grendigin bir sey var mi?
Kid.ll.20: Bagka ¢rendigim fen matematik konularini tekrar etnoldum.

R: You have seen and created equations, what ddhyok about
them?

Kid.l.30: They were also good because they werehemaatical
that is here we both learned and had fun.

R: You also learned, did these have role on lea/in

Kid.l.30: Yes.

R: You say yes, so if we have chance to repeatainigp...

Kid: I liked math but | have a teacher who makesnmoeto like
math.
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R: Gordunulz, denklemler kurdunuz onlar hakkindaigéiniyorsun?

Kid.l.30: Onlar da guzeldi ¢inkd bizim matematikigli yani biz burada hem
eglendik hem grendik

R: Hem @rendiniz bunlar grenmede faydasi oldu mu?

Kid..30: Evet

R: Oldu diyorsun. Peki, biz bu kampi tekrar yapacksak...

Kid.l.30: Ben matemafi sevdim ama benim birgéetmenim var matemgii
sevdirmiyor

Kid.Il.05: For example, | do not know, | am thingiand | know
math I think. | loved it.

Kid.ll.05: Mesela ne bileyim faydasi olglunu diginiyorum ama matemgti
biraz daha iyi biliyorum. Sevdim sanki.

One of the kids, who had forgotten writing his /mame on the evaluation form,
stated that the activity had impressed him/her somthen his/her attitudes toward

mathematics has changed.

Kid.[.UN: This activity affected me very much, dr@m now on |
love mathematics and science lessons very mucink$ha

Kid.l.UN: Bu etkinlik beni ¢ok etkiledi bundan sanmatematik ve fen dersini
¢ok seviyorum. Tekdrler.

Geometrical shapes were one of the learning stwtrthe second camp and it was
not an activity at a first camp. Therefore, fourldfen from only the second camp

expressed that they have learnt geometrical shapke evaluation forms.

Kid.ll.11: We learnt how to draw triangle, squareircle, and
rectangle with robot.

Kid.ll.11: Robotla ticgen kare ¢cember dikdortgenmgyi @rendik.

Because both camps have some mathematics actiwitbsrobots, the children

stated that their learning about related mathematancepts. However, the most
important point is some of the children stated tety liked mathematics at the
camps. Therefore, mathematics instruction at atrcdoamp should be prepared in a

way that, the children will like not only robotiestivities but also mathematics.
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4.3.1.1.2.2Science

On the fourth day of the first camp, the instrudtom science education department
attended the camp and he make small oral quiz ¢@lelehe queue. Moreover, he
gave information about velocity, displacement aimmdet Therefore, the children
mentioned about the instructor and effects on tkeience content learning. Ten
children from the first camp expressed that the gdrad positive effects on their

science knowledge.

R: For instance, what kind of benefits did it have?

Kid.l.30: What kind of... A bit for the mathematicedathen
instructor XXX asked questions about science thathink it was
effective for mathematics and science.

R: Mesela ne gibi faydalari oldu
Kid.l.30: Ne gibi oldu matematikte biraz oldu sor¥XX abi fenle ilgili sorular
sordu onunla yani matematikle fene etkili ojtom diye digiiniyorum

Kid.l.24: ... as | told that | have learned lots dfings about
mathematics and science. | answered questions dskatbstructor
XXX during the competitions and also there wereesgurestions
that I did not know and | learned their answers.

Kid.l.24: ...Dedgim gibi matematik ve fenle ilgili bircokey @&rendim. XXX
abinin yaptg yarsmalarda da jte sorulari cevapladim bazi bilmgihn
sorularda vardi orada cevaplarini da&@ndim.

Four of the kids from the first camp and two kidenfi the second one stated that
they had already known the science subjects thekegloduring the camp but they
had chance to repeated that subjects, thereforg tbmforced their science
knowledge.

Kid..LUN: We had known how to calculate velocityaoimoving
object but we had chance to repeat it.

Kid.l.UN: Bir hareketlinin sirratini (hizini) hesagrhay! biliyorduk. Ama burada
tekrar etmj olduk...

R: For example what kind of benefits did it have?
Kid.l.0O5: For instance, in fact we had learned ¢#&rcand
measurements of circle but we had forgotten it.
R: Equations?
Kid.l.05: Velocity-time relations.
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R: Mesela ne gibi faydalari oldu

Kid.l.05: Mesela aslindagienmitik ama sonradan unuttum. Cember Cemberin
Olciimleri denklemler onlar.

R: Denklemler?

Kid.l.05: Strrat zaman igkileri.

Kid.Il.09: | am thinking. | am a person who doeg hke science
and math. Here, | loved math and science more.

Kid.l.09: Distinilyorum. Ben zaten matematik ve feni seven banimlggilim.
Burada Matematik ve Fen'i biraz daha fazla sevdim.

One kid from each camps stated that the camp chalmigeattitude toward science

course.

R: What benefits did it have?
Kid.l.9: Before here | did not like science and h&hatics lessons
because | did not know the topics... but now | l@rg much.

R: Ne gibi faydalar oldu.
Kid.l.09: Eskiden fen dersi ile matematik derslesevmiyordum. Bilemegim
yerler oldwu i¢in... Ama artik cok seviyorum.

Gear, sound and velocity learning stations werensa related learning stations at
the second camp. Therefore the children mentiont Wiey had learnt from these
stations. During the interviews no child mentioreedpecific science concept, they

reflected only in evaluation forms. Eight childretiated learning of the gears subject.

Question: Today, what did you learn in the activity

Kid.Il.09: | learnt about gears, velocity of the gine (robot’s),
calculating the amount of the way that it takesoading to the
number of gears.

Soru: Bu gin etkinlikte nelegéendiniz?
Kid:11.09: Diglileri, motorun (robotun) hizini, gii sayisina gore algu yolu v.b.
seyleri hesaplamayigiendim.

Seven children wrote that they have learnt souiksts.

Kid.I.13: | learnt about intonations, sound wadlpund frequency,
the difference of the cat and bear voice frequewisgther lower or
higher.
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Kid.ll.13: Tonlamalari, ses duvari, ses frekanskadi ve ayinin seslerinin
frekansi yuksek mi dik mi onlar grendim.

Moreover, six children reflected the velocity sutbjbut all of them did not give any

details about this subject.

Kid.II.15: ... We have studied velocity subject wittructor XXX.

Kid.ll.15: ...XXX ablada hiz konusungeidik

Science related learning outcomes of the campssiandar to the mathematics
outcomes. Preparing such science activities thHattathe children attitudes toward

science is also important for science conceptsrobatics camp.
4.3.1.1.2.3nstructors’ opinions about mathematics and science

Circumference-pi learning station’s instructor maadf-criticism about the learning
station. She stated that the children enjoyedostatiork and some of the children
put into word heir enjoyment, however she complaiabout not enough usage of

robots at the station.

| tried to mention the mystery of pi. You know,réhevere
interested children some group says how much futig not the
mathematics we learn at school. Because we couldis® robots
much, the children could not grasp it is a robotgaor not at that
activity (Instructor 3).

Iste pi sayisinin gizeminden bahsetmeyetpall Hani belki bazi guruplarda ok
ilgili cocuklar vardi yine bunu dinleyen aaaaa nadlr zevkliymi iste okulda
gordlgmiz matematik gibi gémis diyen var ama cok fazla robotu
kullanmadgimiz i¢in robot kampin olup olmagni o etkinlikte kavrayamadi
(Egitmen 3).

Another instructor stated that connection betweathematics and robotic activities
should not be simple as calculation of circumfeegnthe children should be
challenged with complex problems and they shouédtheir mathematics knowledge
to overcome the problem. She also admitted that llael not been successful about

using robotics in that way.

So it will fulfill mathematics when doing calculati But it must be
like “children now we going to do division, today wrill divide the
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distance to the circumference of the tire at robadt like that way.
Some complex situation should be given them tocghmuse their
knowledge. We could not do that because our mintimged.
(Instructor 1)

Yani matemagi de kagilayacaktir hesap yaparken ggirecektir. Amasdyle
olmali “gocuklar simdi bdlme jlemi yapacgiz bugiin robotta yolu cevreyi
tekerin cevresini bolegé&z. Bakin bdlme slemini kullaniyoruz” dgil de
cocuklara bildikleri birgseyleri kullanmalari icin kompleks bigeyler verilmeli.
Biz bunu yapamiyoruz ¢inki bizimde aklimggsrcekten (Eitmen 1).

The instructors criticized their approach to conmnscience concepts and robotics
at design phase. They stated that, they searchedcseccurriculum for appropriate

science concepts. After two robotics camps expeeielike mathematics theme, the
instructors think that instruction should not beedi instruction, a camp should

provide complex situation and put children in ihefefore, the children should use
previous knowledge to solve the problem or situatMoreover the camp should not
abide by the school curriculum; the robots shouNveé them something that not in the

curriculum.

It was very limited, because we came from this &filut system.
So, our vision so limited. | am doing like thatamn looking the
subjects in the curriculum, what could be done,himy. For
example DNA in biology, is it related to the expesnt, no | could
not find. For example, circulation of blood, wertkiin this way, it
moves on circulation of heart. According to us, tbbot is just
moving, we do not have anything else...(Instructor 2)

So, we had limited with curriculum, this robots slib give
something else ...(Instructor 1)

Cok sinirliydi sonugta bizde bgitm sisteminden geldik, yani bakacimiz o
kadar dar ki aliyoruz ben bdyle yapiyorum miufrealatbnulara bakiyorum
kazanimlarina bakiyorum ne yapilabilir elle tutulbir sey yapilamaz. Biyoloiji
iste bakiyorum DNAste deneyle hichir alakasi var mi bulamiyorum. Masein
dolagimi iste bdyle dilinlyoruz kalp dolaminin Gizerinde gitsin bize goére robot
sadece gidiyor bga bir sey yok kafamizdate varda...(Egitmen 2).

Yani biz mifredata kisith kaldik ki bu robotlar ska bir seyler versin
¢cocuklara...(Eitmen 1).

In the same way, Instructor 2 emphasized, encoorageof the discovery learning.

| think they find themselves such things. We shexjoect to

discover some things. Yes, in this way, it reméikes mold. The

lesson is like mold. Let's measure the light wigiht sensor. Let's

try this lesson we know. The problem is given drabd subjects
are inside the problem and the children use themilewh
interpreting. (Instructor 2)
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Bence bdyleseyleri kendileri bulsun bdyleseyleri yapsinlar. Bir seyleri

kesfetmelerini beklemeliyiz. Ya evet yani bu bdylapkgdklinde kaliyor. Ders
kalip kaliyor, orda bdyle bir kalip. Ha birakalirme, hadi bakalimsik sensoru
Is1gin hadigseyini dlgcelim. Bu bir dersimiz bizim deneyelim daihbir problem
verilir problemin icinde gegsin onlar ¢ocuk onlayorumlayarak kullansin.
(Egitmen 2)

4.3.1.1.2.4Conclusion about mathematics and science

At the first camp, mathematics concepts were giwah activity sheets and the
activities were not separated from the roboticscatan. For example, the children
had learnt “move” block, then they worked on ciréarance activity, after that they
back to programming. However, at the second cahgy worked on mathematics
concepts in the related learning stations afterptetimg robotics and programming

education.

At the end of the camp, the children stated thaly thave learnt or have been
reinforced related mathematics concepts. Somerehilttom both camp also stated

that increase in their interest towards mathematics

Both camps resulted with similar way at mathematdisnension, because
circumference and pi concept was common at bothpcahe children from both
camp mentioned about those concepts. Geometriapkshadded to the second camp
as a learning station, therefore, some of the wmldalso mentioned about that

concepts at interviews.

The instructors believed that mathematics concegftsuld not be given as
instruction, some context should be prepared amd cthildren should use their
mathematics knowledge in that context. Thereforathematics at a robotics camp

would be more meaningful.

Attendance of the instructor from science departnaelded a dimension to the first
camp. Although the children did not state specsittence concept, the children
stated the instructor and his effects.

There were three learning stations related to seiext the second camp which are
gears, sound and velocity stations. The childrentimeed about these stations only

in evaluation forms. When science and mathematategory is compared with
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robotics category, it is obvious that robotics em$ were much more stated than
science and mathematics. It shows that robotice wench more impressed the
children. That could be the reason why the childrentioned robotics and did not

mention about science during the interviews attie of the camp.
4.3.1.1.2.9Design principles for mathematics and science

Mathematics and science dimension of a roboticmitrgg camp also should be
carefully designed. Mathematics and science coscspbuld not be given with
direct instruction at a robotics camps. The chitdreuld learn these subjects at their
schools. Robotics training camps should give chaoceractice what they have

learned at schools.

The robotics camps have potentials to affect chiidr attitudes toward mathematics
and science in a positive way. Therefore, mathematnd science activities should
be prepared in a way that the children’s shoulcehzhance to like mathematics and

science.

As the instructors emphasized that some compleki@ns like real life should be
prepared and the children should use their mathesnahd science knowledge to
solve that complex problem by using robots. Thesfanathematics and science

concepts at a robotics camps would be more meaningf

At least one science instructor should attend toolzotic camp; therefore, that
instructor can encourage and manage discussiont atmence concepts. For
example, the fastest robot competition could bearsyed. Therefore, like the
instructors stated the children would be in a caxgituation, while they design
their robots, they should consider such as geagdlsragius of the tires. After the
competition, the science instructor could make wsmon about effects of gears and

radius of the tires on velocity of a robot.
4.3.1.1.3Social skills

The children worked in teams during the camps. dswobserved that children
worked as a group to be successful. Especiallyompetition or tournament, their

collaboration and enthusiasm for being winner casilg be observed. Specialization
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on a task also observed in some of the groups. iBhatne group member was
responsible for programming and wrote the progranthe computer, another one

was responsible for combining pieces etc.

Moreover, they have eaten their meal togetherbthes played football during the
lunch break, and the girls played jumping rope. 8imes, they played altogether at
the end of the days.

At the beginning of both camps, the children werrmed just the rules of the
camps which were mainly focused on being politth&instructors and group mates.
Social skills expectations or any other social bedra expectations were not
announced to the children. As a result of beingasanvironments, social skills
category emerged as learning outcomes of the caspecially from the first camp.
Table 4.8 presents emerged social skills categudyita sub-categories from analysis

of interviews and evaluation forms.

Table 4.8

Social skills

Category Sub-category - Camp I Camp

# % # %

Social skills general 13 43.3 2 9.1
Group work 2 6.7 - -

Social Skills  Lose — win case 3 10.0 - -
Low shyness 1 3.3 - -
Meal in community 1 3.3 - -

The children were together during the camp houtsthey worked as team during
the camps. They did all activities together. Tharef thirteen children from the first
camp stated they have learned some social skiltheacamp. Kid.l.25 stated her

social learning as:
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Question: Generally, can you evaluate this act®itgMissing
points, your suggestions and the things affectad pasitively or
negatively)

Kid.l.25: Generally, in fact we even learned howsfzeak in this
camp. We know how to speak but we learned howetkspell and
polite.

Soru: Genel olarak bu giinki etkigilidegerlendir misiniz? (Eksik olan noktalar,
onrileriniz, yagadiginiz size etkileyen olumlu yada olumsuz olaylar)

Kid.l.25: Genel olarak bu kampta kaymiayi dahi @rendik aslinda kongmayi
biliyoruz ama daha iyi ve kibar kosymayi @rendik ...

R: What else did you learn?
Kid.l.25: | learned how to cooperate. | have leaineow to get
along with my friends. | learned that the roboh@t so hard thing.

R:Baska neler @rendin.
Kid.l.25: Yardimlamayi @&rendim. Arkadglarim ile iyi gecinmeyi grendim.
Robotun zor bigey olmadgini ggrendim.

During camps the instructors encouraged the chltyehink they are a member of a
group and they should work together and solve tioblpms together. Group issue
will be reported later in this chapter however,aasocial skill, two children stated

that they have learned group working at the camp.

R: What else did you learn during the camp?
Kid.l[.30: What else | learned that how to work asup...

Peki baka neler @rendin kampta
Kid..30: Baska neler @rendim grupg¢a ¢ajmayi sonra nasil desem...

Kid.l.28, bulleted what he had learnt from the camphe evaluation form and two

of them were related with social skills.

Kid.l.28: Cooperation
How to place arm to robot and program.
Trust, friendship.

Kid.l.28: Yardimlamay!
Robota kol takip programlamayi
Guven. Arkaglak

At design phase of the camp first camp, compestiovere added to increase
children’s motivation toward what they were maki@pmpetition will be examined
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with a detail in this chapter, but as a side eftdatompetition, three children stated

they have learned winning and losing in the camp.

Kid.l.16: ... that is here we have learned win andelamuch
better...

Kid 16: ... yani kazanmakla kaybetmeyi daha da gokridik yani burada...

During the interviews two children mentioned tw@radicted positive effects of the
camp. Kid.l.01 mentioned about decrease of his esg/nvhen talking with teachers

and Kid.l.12 mentioned etiquette when eating meabmmunity.

Kid.l.01: Speaking with my teacher at school. Fwstance, | was
ashamed while talking to my teacher. | came het tatked with
our leaders here without shame. | went to my sclamal talked
with my teachers too.

Kid.l.01: Okulda @retmenimle kongma. Mesela ©6nce utaniyordum
ogretmenimle kongmaya. /sta buraya geldim. Ablalarla falanda utanmadan
konwtum. Okula da gittim gretmenlerimle kongum.

R: Do you think that the camp was helpful.

Kid.l.12: Yes, yes. Enormously. First of all | wesy hungry when
| was eating meals. | put in to my mouth two ofrthend people
warned me to be slow. As a result of these warnimysmanners
became well. | can eat slowly even | am very hungpart from

this | learnt how to eat beside the other peopliéwou much more
belter. | learnt how to eat together.

R: Faydasi oldgunu digliniyor musun kampin.

Kid.l.12: Hi hn. Fazlasiyla. Bir kere mesela y&meerken ¢cok a¢ oluyorum.
Aliyorum hemen atiyorum iki tane azima biraz yaya lan diyorlar./ste dyle
diye diye terbiyem biraz daha dizeldi. Cok acikshite daha yava
yiyebiliyorum. Mesela. Onun ginda sizin yaninizda herkesin yaninda yemek
yenilebilecgini daha iyi bastirarak grendim. Hep birlikte.

The children were together from 8:40 to 15:00 dma/tworked as team during the
camp. They did all activities together. Howevenlike the first camp, only two

children mentioned about learning of some socidlissk

R: Do you think that the camp was beneficial to%ou
Kid.Il.22: Yes.
R: For example?
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Kid.ll.22: At least | learnt how to work in grougn@ronment. |
usually work as individual. | developed my grouprkimmy skills.
Moreover, my interest on it became higher.

R: Peki sana faydasi olgunu diytinilyor musun kampin?

Kid.ll.22: Evet.

R: Mesela?

Kid.ll.22: Yani ne biliyim béyle en azindan bi gropaminda ¢akmaya. Ben
genelde hep bireysel calyordum. Hem grup ortaminda cahakseyim geljti.
Hem de bodyle merakim daha ¢ok artti.

It is observed that, the working area of the ficamp was much noisier, more
crowded and messier than the second camps. Inirfdtecamp, the children can
freely walk around and visited to the other groujhswever, second camp was much

more structured and orderly.
4.3.1.1.3.linstructors’ opinions about social skills

One of the instructors also observed that the skcamp was more orderly than the

first camp and she was happy about the second eamrking area.

| remember the other project (the first camp), ¢hevas always
someone in the middle were walking constantly. &afe the

station (the second camp), I'm looking for a classm at the
corner, everyone is working. | said, oh God itesngthing so nice,
super... (Instructor 1)

Ben dger projeyi hatirliyorum (birinci kamp), strekli dglyorlardi surekli
ortada birileri vardi. Hele istasyonda (ikinci kangben sdyle sinifa bir
bakiyorum en ké@deyim ya bide, herkes haril haril gajior. Allah’im ne gizel
super birsey falan diyordum... @&@tmen 1)

During the interview, one of the instructors stathdt one of the kid’s behavior

change about sharing robot.

Kid.II.05 especially when he took over, he was mogyBut when

he came to my group, he put one piece and saidddl K5 take it

and put it. Whether, he behave like that becausayoéxistence or
he gained like that behavior.( Instructor 1)

Kid.ll.05 6zellikle elinden alinca da somurtuyordma sonra Kid.ll.05 benim
guruba geldi ya, geldi bir parcay! takti sonra hdminu da sen tak Kid.ll.15 dedi
.Ya ben ordayim benim huyumu biliyor diye ya da;eleen boyle bir kazanim
elde etti.( Eitmen 1)
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Moreover, one of the instructors gave quotatiommé of the kid's statement about
learning of group work.

One of the kids, talkative one, mentioned that ikeslto work
individually, he used to like work individually biog learnt at least
group work at the camp. (Instructor 2)

Cocuklarimizdan biri bundan bahsetti bende bireysgismay1 severim, cokta
konwkan, bende bireysel catnaktan helanirdim ama burada en azindan
gurup calsmasini grendim dedi.( Eitmen 2)

4.3.1.1.3.2onclusions about social skills

The first camp social skills themes were much m¢han the second camp’s theme.
Number of the group mates, number of the childtecaanp, being an instructor at

each group and competition could be the reasonbéadifference.

The first camp was more crowded than the secondpcanud the groups also.
Therefore the children should have richer sociglrenments at the first camp.

At the first camp, the number of the instructorsswianited. Although it caused
classroom management problem, the children coulk waore freely. They could
visit the other groups and chat with them. Howeatethe second camp, each group
has an instructor, therefore the instructors cantieifere any unwanted situation on
time. Therefore, the children could work much maomseless but less social

environments.

Moreover, some of the children from the first camgntioned that they have learned
losing-winning case. At the second camp, competiti@s kept at minimum level,
therefore the children could not find any chancéetyn losing-winning case at the

second camp.

As a sum, social outcome of a camp can be adjustdd these variables. Peer
learning or more social outcome can be encouraggdess involved instructors but

in less managed environment.
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4.3.1.1.3.3Design principles for social skills

In group and between groups social interaction kshbe encouraged in a robotic
training camp. Implementing cooperative learning amall group work strategies

could enhance in group interaction.

Between groups interaction could be enhanced bamgpvcego pieces, sharing
information or arranging competition between theougs. Moreover, playing
physical games at breaks and eating meals togetitlealso strengthen between

group interactions.
4.3.1.2Evaluation of the camps’ components

Secondly, to answer the first sub question howirts&uction should be structured,
the researcher has taken children’s opinions alibet camp’s components.
Mathematics and science activities were implemebtedctivity sheets at the first
camp, therefore the children asked to evaluateattigity sheets during interviews.
Activity sheets were not used at the second canaphematics and science concepts
were studied at learning stations. Therefore, #wearcher changed the activity
sheets question as evaluation of the camp compenkemt the second camp
interviews (See Appendix A). The children from fivst camp evaluated only the
activity sheets that used at the first camp andcthiglren from the second camp
evaluated the components of the second camp whighpegramming section,

learning stations and project work.
4.3.1.2.1Evaluation of the first camp’s component

The whole curriculum of the first camp was composgedctivities. These activities

combine STEM concepts and robotics. That is théddn used their mathematics
and science knowledge with robots when working luesé activities. As reported

before, four activity sheets were prepared and dseithg the first week of the camp
(See diary of the first camp). These activity sheetre the bridge between STEM
concepts and robotics. During the interviews thaédodn were asked to evaluate
used activity sheets, Table 4.9 presents childrepisions about used activity sheets

at the first camp.
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Table 4.9

Evaluation of activity sheets

I. Camp
Category Sub-category
# %

Math related 11 36.7

Learned new things 6 20.0

Learned better 3 10.0

Note to remember 5 16.7
Activity Sheets ,

Review 4 13.3

Like quiz 2 6.7

Hard 2 6.7

Boring 1 3.3

Eleven children stated that used activity sheethafirst camps were related to the

mathematics.

R: We had distributed worksheets to you. What dotlimk about
them?

Kid.l.22: They were helpful for mathematics. Inttpaint they are
useful for math. For example, some of my friendd feagotten
some concepts such as computing the circumferehcarae.
When they were distributed, we had chance to repeat we
learnt. For instance, we had learnt how to use ¢hasbots, and
how much will the wheel go, and how many timeswiikel turn to
go one meter. You gave us big wheel and it waduialp these
concepts.

R: Biz size cajma k&itlari dagitmustik. Onlar hakkinda neler giinilyorsunuz.
Kid.l.22: Iste O matematiktesimize yariyor. Tam o noktada matematilsienize
yariyor. Mesela bazi arkadrimizseyleri falan unutmgtu. Cemberin ¢evresini
hesaplamayi. Burada o gdlar gelince falan tekrar ettik vegdendik. Mesela o
robotlari nasil kullanacgimizi falan @rendik. Tekerlek ne kadar gidecek
mesela. Bir metreyi tekerlek kag turda doneceketaesBuytk tekerlek verdiniz
bizlere. Oyleseylerde faydal oldu bize.
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According to the subject of the activity sheetg thildren said that sometimes they
learned the new things, sometimes they reviewed thleg have learned before. Six

children mentioned they have learned new things fastivity sheets.

R: In which activity sheets involve circumferent¢he circle and
velocity?

Kid.l.15: When we had learnt the circumferencehaf tircle first
time, we did not know it. It was hard to learnWWe have repeated
here and | know it well anymore.

R: So, these activity sheets are kind of repeadinthey had new
things for you?

Kid.l.15: Both of them, | repeated some topics als® learnt new
topics.

R: Hani aktivite kgitlarindaki isledigimiz konular var yaste ¢cemberin ¢api hiz
konusu.

Kid.l.15: Cember capini daha o©nce ilkgréndigimizde hi¢ bilmiyorduk.
Ogrenirken zorlanmgtik. Burada tekrarladik. Artik biliyorum.

R: Yani bu aktivite katlar biraz tekrar mi oldu yoksa yeni bieyler mi @retti.
Kid.l.15: Hem tekrar hem de yeni bieyler Grendim.

Moreover, four children mentioned they have revigweeir previous knowledge

with the activity sheets.

R: We had prepared activity sheets for you. Whatydo think
about them?

Kid.l.14: They were very useful in fact. We hadrd®ato repeat
things both we had learnt last year and this yé@dormally, | do
not think that there is no one opening the 4th ybaok and
checking what learnt before.

R: Bir de aktivite k@itlari hazirlamstik hatirliyorsan. Onlar hakkinda neler
distndyorsun.

Kid.l.14: Onlar aslinda cok iyi oldu. Hem gecen slendeki yapgimiz seyleri
hem de bu sene ya@miz seyleri tekrarlama firsati bulduk. Normalde acip da
dorduinct sinif kitabini ben ne yapm diye bakan yoktur sanirim.

Like Kid.l.16 expressed, three children stated thay learned better while engaging

the activity sheets.

R: So, are they beneficial for your school lessons?

Kid.l.16: They are enormously beneficial. In schael usually, just
read and pass. We do not go over it carefully. e, we go over
them carefully and understand them better.

R: Peki onlarin faydasi oluyor mu okuldaki dergberi
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Kid.l.16: Acayip ¢ok faydasi oluyor. Mesela okultamen okuyup geciyoruz. O
kadar cok (istiinde kalmiyoruz. Ama burada yani igtiicok kaliyoruziyice
anliyoruz.

Children should make calculations and fill the lidgon the activity sheets with the
results of these calculations. Later, they usedahesults to make their programs.
Five of the children emphasize that kind of usaiggctivity sheets.

R: What do you think of those sheets?

Kid.l.19: Those sheets were very good for us. Ve telling us
how to set up from where they were coming and sheuld go. It
was easier for us to write them and then pass tioetime computer.
Our knowledge was rising while writing on it.

R: O k&itlar hakkinda neler dguinlyorsun.

Kid.l.19: O k&utlar bence verilmesi daha iyi olrgtw. Boyle gidecg bdlgeden
duraca bolgeye kadar hesaplanmasi. Oraya yazip bilgisaygecirmemiz
daha kolay oluyordu. Orada bilgilerimiz biraz dabagaliyordu.

Two of the children likened the activity sheetqjtoz in the school and two of them

stated that sometimes the activity sheets were hard

R: How were those sheets? Let’s start with theme wWeey good or
bad?

Kid.l.06: Some parts on them were challenging. Vdd learnt
some concepts such as way divide time etc. vegydgno so it was
hard and you helped us. It was good.

R: O kaitlar nasildi iyi miydi k6t miydu 6nce ordan ginel
Kid.l.06: Bazi yerleri zorlayiciyd§ey eskiden grendigimiz i¢in yol bl zaman
falani o ylzden biraz zorlandik sizler yardim eéttitstizeldi

Kid 11 stated he prefer working with robots to dwivity sheets because, he find
them a bit boring.
R: Do they have missing parts? Is doing them funny?

Kid.l.11: They were a bit boring for me. Having éiwith dealing
robot was funnier for me.

R: Bunlarin eksik olan yerleri var mi? Onlar yapknglenceli mi?
Kid 11: Ya biraz sikiyordu beni. Robotgrasip bir seyler yapmak daha zevkli
geliyordu.

4.3.1.2.2Evaluation of the second camp’s components

Instructional structure of the second camp wag different from the first one. The

second camp consisted of three parts which wergrgmuming section, learning
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stations section and projects section. Therefoeecthildren were asked to evaluate
these sections of the camp. Table 4.10 shows ehislropinions about the second
camp’s components.

Table 4.1C

Evaluation of the second camps’ components

Il. Camp
Category Sub-category
# %
Programming Loaded . a1
Section .
Challenging 5 29 7
Enjoyable 8 36.4
Learning Stations Familiar subject 9 40.9
Section Learned new things 3 13.6
Confusing 1 45
. _ Good 9 40.9
Projects Section _
Enjoyable 5 297

4.3.1.2.2.1Programming section

The first three days of the second camp was thgranaming section. Without any
considerations about science and mathematics ctsmdée children combined the
basic robot in the manual and then the programroiagks were explained them by
a projection. After that, they asked to progranertiobot for a given purpose such

as following a black line or reaction to an objecspecified distance.

It was observed that, the children were quite ssgfoé at programming of the
robots. The children could use even “nested loop”their programs. Their

performance so astonished the researcher, he tiaed

At the programming part | did not tell so easy gsnl even told
about “Wire”. In my opinion, kids take how muchist given to
them, if they are curios.

117



Programlama da hi¢ de basieyler yaptirmadim. “Wire” bile anlattim. Bence
¢ocuklar ne kadar verilirse o kadarini aliyorlar,eter ki istekli olsunlar
(Researcher).

Four of the children stated that the first thregsdaas pretty good.

Kid.Il.02: First three days were very good. | leatots of things
about robots.

R: So, you were not bored in this process.

Kid.ll.02: No.

Kid.l1.02: fIk ti¢ glin ¢ok iyi idi. Robotlar hakkinda gedyler @Grendim...
R: Sikilmadin yani bu surecte.

Kid.l.02: Hayir.

However, seven of the children stated that the namogning section was loaded for

them.

Kid.Il.08: Programming was good at the beginningoweéver, it
was confusing because we learnt consecutively.

Kid.ll.08: Programlama ilk olarak giizeldi. Ama aaida @rendigimiz igin kafa
karistiriyordu.

Kid.Il.21: Actually, it was not so hard. But deainvith too much
programming was boring.

Kid.ll.21: Aslindasey ¢ok da zor dgldi de. Sey ¢ok fazla olunca sikti o biraz.

Similarly, when the advanced programming blocks larpd (the third day)

Kid.ll.15 reflected his boredom to evaluation forms

Question: As general could you evaluate the todacsvity?

(Missing points, suggestions, and things affectmd gositively or
negatively)

Kid.ll.15: Today, we began working on a differenage of the
mindstorms program. It was different than previongs and also
it was complicated and hard. We were bored. Theaerdor that is
doing programming continuously.

Soru: Genel olarak buguinki etkiglidegerlendirir misiniz?(Eksik olan noktalar,
Onerileriniz, yaadiginiz sizi etkileyen olumlu ya da olumsuz olaylar)
Kid.ll.15: Bugln ise yine mindstorms programindakfabir yere girip orada
calismaya baladik. Ama bu dierleri gibi desil daha kargik ve zordu. Biraz
sikildik. Onun nedeni ise sirekli program yapmamizd

Five kids stated that programming section was ehglhg for them at the first but

later they got used to it.
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Kid.Il.01: First three days were hard because | diot know the
subject well but on the third day | got used to it.

Kid.ll.01: Ya ilk ¢ gun yani bilmeglim icin biraz zordu deyim sonrada iyice
alistim o Gc¢uncu gunde.

Overall, the programming section of the second carap a bit challenging for the
children because all of the children had not wmitpgogram before. However the
children had learnt how to program their robots resgively faster and they could
use even nested loop within three days programnmisgruction with NXT-G

environment.
4.3.1.2.2.2 earning stations

Some mathematics and science concepts were exaatitiee learning stations with
the help of the robots between tHeahd &' days of the camp. Eight of the children

stated that the learning stations were enjoyable.

R: You had moved around each table one by one. Winenhink
those works one by one.

Kid.Il.04: That is good. They were the works thakéd much.

R: Why were those parts that you loved most?

Kid.ll.04: | learnt different things on each one.moved from
around other teachers. They taught very funny.

R: Her masayi tek tek dataniz ya. O ¢alimalarn tek tek dfiinecek olursan.
Kid.I1.04: O ¢ok iyi. Onlar en sevgiim calymalar zaten.

R: Peki neden en cok segiti kisimdi?

Kid.ll.04: Her ayr ayri seyler @&rendim mesela. Baa &retmenleri gezdim.
Onlar ¢ok glenceli Gretti.

Nine of the children expressed that they have dirdamiliar some of the learning

stations’ subjects; therefore they a bit boredhat kearning stations.

Kid.Il.01: For example, in other three days, we &egpeating the
thing that | knew before so | was bored.

Kid.ll.01: mesela sonrada gér ¢ gunde istasyon cainasinda bazyeyleri
biliyordum bildigim seyler tekrar etmek bana sikici geliyor orada bisaaldim.

Kid.Il.21: | bored at thing. For example, it was B, C and coming
and going.

R: Velocity subject.

Kid.ll.21: | bored at that. Actually | bored a bliecause | had
known that.
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Kid.ll.21: Seyde sikildim. Mesela hani A B C diyordu bi gidiygeliyo.

bi gidiyo bi geliyo.

R: Hiz konusu.

Kid.ll.21: Onda biraz sikildim. Aslindey yani bildgim i¢in sikildim biraz.

Tree of the children mentioned that they have leaew things from each station.

R: So, do you think that it was useful?
Kid.Il.03: Yes. | mean | learnt different thingseach group.

R: Peki faydasi oldgunu diytiindyor musun?
Ki.ll. 03: Evet. Yani ¢lnku orada her grupta yeiri ey @&rendim.

Lastly Kid.ll.12 complained that she had confusé&cause each station had

different concept and it was hard to comprehenthtfoe her.

Kid.Il.12: Yes, you go there and you are told sdvimegt different,
and you go there and told different and your mingecdmes
things...

R: Get confused?

Kid.Il.12: Yes you cannot gather all of them.

R: Did you have difficulty or was it hard for you?

Kid.ll.12: It was a bit hard for me to understand.

Kid.ll.12: Evet oraya gidiyorsun a sey anlatiyor, oraya gidiyorsun blka sey
anlatiyor insanin kafasey oluyordu.

R: Kafasi kargiyordu.

Kid.ll.12: Evet hepsini bir araya toplayamiyorsun.

R: Orada peki zorlandin mi sana zor mu geldi?

Kid.ll.12: Biraz anlamam zor geldi.

The learning stations were mostly enjoyable. Thddan worked at learning
stations with fun. However, some of the childreatexd that they had already familiar
to the subject of some learning stations. The camculum was designed fof"6
grade students but there were children frofi ahd & grades. Therefore,
constructing camp with mixed grades children negati affected the learning

stations activities.
4.3.1.2.2.Frojects

The children worked on their robotic projects bedawehe 7th and 9th days of the
second camp. Each group has different robotic pt®jéor different daily life
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problems. There was not any negative statementt @abeyrojects section. Fourteen

children expressed that projects section was pgeityl and enjoyable.

Kid.ll.22: The most positive thing that | liked rtfbswe had
Project works and the most important thing thatdesigned them
an even with our designs we could have achievehdt this is
something very proud. At you say yourself thatdigleed this and
it what | wanted. Something very proud.

Kid.ll.22: Hosuma giden en olumlgey? Ya bu proje calmalarimiz oldu hani
Ozellikle de tasarimimizin kendimize 6zgu olmasidyle oldgu halde de
basarmamiz hani ¢ok gurur verici hijey ve cok hani zevkli sonugta yani.
Diyorsun ki bunu ben tasarladim kendi kafama g@eu. Cok gurur verici bi

sey.

Kid.Il.19: Project part was more difficult than ats but also it
was the most funny part for me.

Kid.l.19: Proje kismi djerlerine gore daha zordu ama en zevklisiydi bence.

One of the important outcomes of the study is mtsjsection of the second camp
was most enjoyed part of the camp. There was agative statement about the

projects section of the camp.
4.3.1.2.3Instructors’ opinions about camps components

The main difference between the two camps was ¢pégacement of the activity
sheets with learning stations. Instructors empleasthat the learning stations was

better than the activity sheets. Instructor lestdhat:

| liked the learning stations application very muclihink it could
be improved (Instructor 1).

Istasyon uygulamasini cokdemdim geltirilebilir diye disuniyorum (EBitmen
1).

Moreover, Instructor 2 emphasized management adgast of learning station

approaches.

The learning stations were very successful in mgiop, because
every teacher had children to be responsible for.when | saw
someone, | know that which instructor was respdeditr. Other
way, they become very free (Instructor 2).
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Ozellikle istasyonlar ¢ok Bariliydi bence, ¢linkii her birgéetmenin sorumlu
oldugu @grenciler vardi... Ya da birisini gordtiimde hangi ablanin ya da abinin
sorumlul@gunda biliyordum. Dgerleri cok serbest oluyorlar Etmen 2).

However, during learning stations the children veatlon mainly mathematics and
science concept and little programming. When thaytexd to their projects, it was
observed that some of the children were not applbat they have learned at

programming section. One of the instructors alsdest that same situation in her

group.

After the first design, when they started to theiojects, they
would start to programming, | said come on dohgre were some
children stated that they have already forgot pesgming

(Instructor 3).

Seyden sonra hani o projeye fadiklarinda hani ilk tasarlamalari bitti
programlamaya gececekler diyorum hadi yapsana modgamayi unuttum falan
diyen oldu (Eitmen 3).

One of the hardest issues of preparing instructiaistic camp was finding suitable
science or mathematics concepts and expressing thescepts using Lego
Mindstorms. Although all of the instructors findal@ing stations successful, some of

the instructors complained that they could notred®ts so much in their stations.

You know, there were interested children some greays how
much fun it; it is not the mathematics we learrseiool. Because
we could not use robots much, the children couldgnasp it is a
robot camp or not at that activity (Instructor 3).

Hani belki bazi guruplarda c¢ok ilgili cocuklar vargine bunu dinleyen “aaaaa
ne kadar zevkliymiiste okulda gérdgimiz matematik gibi gémis” diyen var
ama c¢ok fazla robotu kullanmagmiz icin robot kampin olup olmagni o
etkinlikte kavrayamadi (&tmen 3).

| said science and technology and sound, like tisrdictor 3
stated, how much robot was used my station is sksdle. In
addition, “theramin” used to change frequency otusd. Maybe,
the interesting thing was not the robot. Sonic e were more
interesting for them. | think they clearly undesiahat sound is a
vibration and these vibrations are real. That iBey could be
intensified to be a barrier. | think they clearlyhderstood that
(Instructor 1).

Fen teknolojisi birde ses diyordum dgittnen 3'nin dedii gibi hani benim
konumda da ne kadar robot vardi bu taftr? Bide iste diger “teramin” aleti
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frekansta ses dgstiriyorsunuz. Robot yani ¢ocuklarin dikkatini cek&rsim
belki de o dgildi. Daha c¢okseyler dikkatini ¢ekiyordu. Ses duvari olayl ¢ok

Artik ses bir titreimdir ve bu titrgimler gercektir. Yani bir duvar
olusturabilecek kadar ygunlastiran bir geydir. Bunu cok iyi anladiklarini
distiniyorum (EBitmen 1).

4.3.1.2.4Conclusions about evaluation of the camps’ componé&n

It is important to evaluate the components of bocéimps to reach better camp
curriculum. After the first camp, the instructoreciled to try learning station

approach for the second camp.

When the activity sheets from the first camp, paogng, learning stations and
projects section from the second camp comparegegisosection of the camps was
the most enjoyable and most liked part of the dveeamps. Projects sections were
last parts of both camps and while working on thegeets, the children had chance
to design their own robots and use what they lehrdgring the programming

section. They had to solve design and programmioglems of their robots. While

they working on their project, they worked moreefyethan the other sections of the
camp. If there is not any science and mathemataosideration, after the basics of
Mindstorms NXT and programming, the rest of the parould be arranged one day
or half day long mini projects. Alternatively, se@ and mathematics mini projects

could be prepared.

According to instructors using learning station ryggh instead of activity sheet is
better approach. Learning stations make easiesrdas managements and it was
also more productive usage of the resources. Witheld resources such as limited
extra sensors (accelerometer, temperature, formeeetc.) the children could work

on different applications of robotics at differdedirning stations.
4.3.1.2.5Design principles for camps’ components

While designing robotics camp curriculum, projegeésts should be emphasized, if it
iIs possible whole camps curriculum should made roélk projects. Because the
projects section is where the children use whay theve learnt and the children

should encouraged to application of the knowledge.
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STEM related concepts should be studied at learstagions, because learning
stations were better than using activity sheetgividg sheets also could be used at
learning stations. Moreover, at learning statiognbpts should be used actively, that

is the children should have chance programming ri@ne just using “move” block.

4.3.1.3Career

During the interviews some of the children, esdBcigirls, stated their interest
toward technology, computing and engineering care€kable 4.11 presents

frequencies of the children from both camps wheestaéheir interest about robotics

career.
Table 4.11
Career
I. Camp II. Camp
Category
# % # %
Career 3 10 4 18.2

Three of the children from the first camp expresed, they started to think career

about computing and robotics. Kid.l.13 (a girl)teththat:

R: Does robot camp have any benefits for you?

Kid.l.13: Yes.

R: What are the benefits of robot camp?

Kid.l.13: For example, if I'll be interested in rot) | can continue
working on robot professionally

R: Peki sana faydasi olgunu diytiniyor musun bu kampin.

Kid.l.13: Evet.

R: Ne gibi faydalari var mesela.

Kid.l.13: Mesela buyuyunce robotger ilgim olursa belki bu meste
yonelebilirim.

From the second camp, four children (3 of them gid¥ mentioned that the camp
has effect on their attitudes towards the technobogl engineering. Kid.Il.06 stated
that:

R: Do you think that the camp will be useful fouyo
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Kid.Il.06: Yes, | do. Maybe my opinions could chamnd later it
could be helpful during my carrier. Maybe when bgrup, could
be useful in my school life.

R: Sana faydasi olagani distiniyor musun kampin?
Kid.l.06: Duguntyorum. Belki fikirlerim dé&sebilir yarin meslek hayatimda
yardimci olabilir. Belki blytytnce okul hayatimdadimci olabilir.

4.3.1.3.1Conclusions about Career

During design phase of the camps, career effe@ ofbotics camp could not be
considered and the researcher also did not inastipe subject. The children stated
their career intention when they taking about bénedf the camps. Although
without direct question about their career intemtioree children from the first camp
and four children from the second camp stated ttegieer intention. Therefore, the
real effect of robotics camps on the children cadegision might be greater.

4.3.1.3.2Design principles for career

It seems that, robotics camp has effects on ppatits’ interest towards technology
and their engineering career. If one of the aimthefcamp is to increase children’s
interest toward technology, computing and engimggrin addition to the robotics
activities, career choices could be emphasizeddtthtion, a guest who has robotics
career could be invited to discuss career optioits whildren. Moreover, female

guest advised because she also will be a role nfodtde girls.
4.3.2Group issues

The second sub-question is what the group, gendkimaividual differences issues
are? At the first camp the groups were not stristtyuctured, when the students had
problems with his/her group; they can change tgeup with the approval of new
group members. Therefore, some children had chanesrk with different groups
with different characteristics. However, at thes®tcamp groups were fixed that is

the groups did not change except little adjustndenie by instructors.

The children’s opinions about group size, group fers gender, group problems

and solutions for the group problems were taketmleld.12 shows the frequencies
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of the sub categories of group issues from thevrm@s and camp evaluation forms
from both camps.

Table 4.12

Group issues

Category Sub-category - Camp I Camp
# % # %

3 members 12 40.0 6 27.3
Group size 4 members 6 20.0 8 36.4

More than 4 5 16.7 3 13.6

Gender does not matter 14 46.7 7 31.8
Group mates’ Mixed gender group 5 16.7 8 36.4
gender Same gender group 5 16.7 3 13.6

Different working style 1 3.3 - -

Group member } - 13 59.1
Group Not interested 7 23.3 4 18.2
problems Want to make more 8 26.7 5 22.7

No sight of respect 4 13.3 - -

4.3.2.1Group size

As stated before, the first camp was more crowdhed the second camp but the
number of the robot sets therefore the number efgtloups at both camps was the
same. Therefore at the first camp, the childrenke@ron more crowded groups at
the first camp than the second camp. Average gmeag six at the first camp;

however it was four at the second camp.

When the children evaluated their group work, twethildren from the first camp

and six children from the second camp stated thaipysize should be three. They
stated that they can work better in three membeyaps, because their chance of
working with the robot will increase and the dissioss in small group were lesser

than bigger ones.
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R: First of all, what do think about the group merdbnumber?
How was with three people and 5 people?

Kid.l.05: With five people, it was crowded. We cbutave
arguments between us such as | will do this andwidiuthis kind
of things but with three people everything wasklerybody takes
one mission and it becomes easier.

R: Oncelikle ne dgiiniiyorsun bu grubun sayisi hakkinda kiiyle nasildi {ic
kisiyle nasil.

Kid.l.05: Be kisiyle daha karmak oluyordu. Aramizda tagmalar
¢ikabiliyordu. Ben onu yapcam sen onu yap gibi damakisiyvken herkegey
oluyor. Herkes bir gérev alabiliyor. Daha kolay glor.

R: So the size of the group; there were four inrygnoup?. For
example, three or five or six or even two peoplinéergroups?
Kid.Il.21: Could be better with lower size.

R: Lower size. How many people were proper?

Kid.Il.21: For example, three is good, two or three

R: So, you say two or three people are better?

Kid.ll.21: Three is good.

R: Peki grup sayisi: dort Kivardi sizin grupta. Ne biliyim (¢ «iolsa veya bge
Kisi olsa, alti ki mi olsa, iki kii mi olsa?

Kid.ll.21: Daha az olsaydi iyi olurdu mesela.

R: Daha az olsa. Kag §iiolsa daha iyi olurdu?

Kid.ll.21: Mesela ¢ iyi mesela iki ya da uc.

R: /ki ya da (i¢ daha iyi diyorsun.

Kid.ll.21: Ug iyi.

Kid.l.14: As group three people is better than fopeople.
Moreover, | feel comfortable also everyone has bdjpg to do.

Kid.l.14: Grup olarak t¢ ki dort kisiden daha iyi. Hem daha rahat cayoruz.
Hem de herkesin yapabilme olahaar.

Six of the children at the first camp and eighttleé children at the second camp
stated that optimum group size is four; they batdnbetween the numbers of the
ideas, minds and available materials in this cameleego Mindstorms set and one

resource set for each group.

R: What is the ideal number for working?

Kid.l.23: In my opinion, four people is ideal.

R: If it is two or three?

Kid.l.23: When it is two | feel missing. | want ra@pinion.

R: Calyma icin sence en ideal sayi kagtir.
Kid.l.23: Bence dort ki ideal.
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R: Ug kii veya iki kji olunca mesela.
Kid.l.23: Iki kisi olunca kendimi eksik hissediyorum. Daha cok fitiyorum.

R: How are four people inside the group? Wouldettéx lower or
higher?
Kid.I.17: For me four people would be better.

R: Bu dort k§i say1 nasil? Daha mi az olsa daha iyi olur, dahacok olsa daha
iyi olur?
Kid.ll.17: Bence dort ki daha iyi olur.

However, five of the children from the first campdathree of them from the second
one expressed that the group size should be manefdlir. Therefore, the number of
the ideas and minds will increase, the more disonsswill be and they will get
more benefit from the group work. Also with effeeti collaborative group work

strategies such as task sharing, they can work mnack effectively.

R: Is being five or four is comfortable?

Kid.l.28: Five is better. We argue more. We developknowledge
better. We use our knowledge more. We enforce out. m
Kid.l.28:

R: While being four?

Kid.l.28: There is not much discussion. If sometmeks like that
and three are agrees the last one is just saying ok

R: If we thinks these missions, is five peopleebeit should it be
lower? Is four better?

Kid.l.28: Five people are ideal. One is dealingwhaterials, one
is bringing materials, one is dealing with robotdanther one is
programming. Sharing could be done.

R: When sharing the work?

Kid.l.28: It is better. Our work is decreasing aralso it is
becoming quick.

R: Be kisi mi daha rahat doért ki mi.

Kid.l.28: Be kisi daha iyi. Daha cok tarfiyoruz. Bilgilerimizi daha iyi
gelistiriyoruz. Daha fazla bilgimizi kullaniyoruz. Beymizi zorluyoruz.

R: Dért kisi olunca.

Kid.l.28: Biraz fazla tartyma olmuyorJste birisi dyle digtiniyorsa. Ug ki dyle
distniyorsa dferi de tamam dyle olsun diyor.

R: Bu gorevleri diinlrsek bg kisi daha mi iyi. Yoksa daha mi az olsun. Dért
kisi mi daha iyi?

Kid.l.28: Be kisi tam. Iste malzemeler ile grasiyor. Birisi malzemeleri
getiriyor. Birisi robotla wragiyor. Birisi program yapiyor. Daha iyi bélinme
olabiliyor.

R: Is bolumii yapinca.

Kid.l.28: Daha iyi oluyor.slerimiz biraz daha azaliyor. Birde daha cabuk
oluyor.
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R: Were the groups with four people proper for taenp or even
higher or lower?

Kid.I.18: More is better.

R: So, you say, more people inside the groups eitert?

Kid.I.18: We could have finished quickly.

R: Dort kisilik grup daha az olsa daha mi iyi olurdu kamp ic¥oksa daha mi
fazla olsa daha iyi olurdu?

Kid.ll.18: Daha fazlasi iyi.

R: Daha fazla olsa daha iyi olurdu neden daha lyrdu?

Kid.ll.18: Cabucak hemen bitirirdik.

It could be inferred that the children attendethscamps prefer mostly three or four

members groups.
4.3.2.1.1nstructors’ opinions about group size

During the second camp, instructors worked withr@ug like a group mate. They
attached a group and responsible the kids at tlwatpg When they evaluated their
group work, one of the instructors reflected thedug size should be three. The

groups with four members are big for the learnitagiens.

...and groups should be maximum three persons,ifotao much.
(Instructor 4)

...ve gruplar en fazla tc¢giolmali, dort kii cok fazla. (Eitmen 4)

4.3.2.1.2Conclusions about group size

Most of the children from the first camp prefertedvork with three members group
and most of the children from the second camp medeto work with four members
group. The first camp was more crowded and notriyrdes the second camp,

therefore the children from the second camp cowdtwo work lesser groups.
4.3.2.1.3Design principles for group size

The group size should be arranged that every amilde group should have duties at
any time. If the any group member does not have woyk to do, they find
something to engage and mostly not related to gvoangk. Engagement of all group

members with activities could be achieved by adjgsgroup size or complexity of
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activities. For the activities similar to activéieised in these camps, three member
groups are advised, four members group also adudeptaowever more than four

member groups will be crowded for these activities.
4.3.2.2Group mates’ gender

In this study, the researcher's aim was not revkal differences or similarities
between boys and the girls; aim was to answer ¢thethe groups should be formed
at a robotics camp. Therefore, during the campcthitlren were not faced any
gender differentiation. While creating the groupshe first day of the second camp,
the groups were created as mixed as possible aongom number of the boys and
girls. The children from same schools distributeddifferent groups. During the
interviews the children’s opinions about the groogates’ gender were asked them,;
fourteen of the children from the first camp andesefrom the second camp stated
that group mates’ gender does not matter, it doésmange anything, working with

girls or boys do not change anything.

R: Ok, if you were two boys and two girl, how woutdbe
according to you?
Kid.1.08: I think, it would be the same, no change.

R: Peki iki erkek iki kiz olsaydi sence nasil olurd
Kid.l.08: Bir sey olmazdi. Yine ayni olurdu.

R: So if you were let to form your group, how dalydo that?
Would you like to have all girls or boys?

Kid.ll.14: 1 am happy with my group, if | had chosthem, | would
have chosen same friends.

R: What about the number of girls and boys? Waill to involve
in all girl group?

Kid.ll.14: It does not matter for me, at last | teaand no problem.

R: Peki sen olsaydin kendi grubunu belirlemen stgdi nasil belirlerdin. Yani
hepsi kiz mi olsun isterdin hepsi erkek mi?

Kid.ll.14: Ben grubumdan memnunum yani isteseydime Yunlari secerdim
yani arkadalarimi.

R: Peki kiz erkek sayisi. Hepsi kiz olan bir gruggthsmak ister miydin?
Kid.ll.14: Fark etmez benim i¢in yani sonuctgréneyim.

Moreover, five kids from the first camp and eightdsk from the second camp
expressed that they prefer to work in a mixed gergteups. They think that

different gender groups could be more producties tbame gender groups. Also, the
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researcher’'s observation support that mixed gegdmips perform better because;
all girls and all boys groups had more conflict agrdup problems than mixed

groups.

R: According to you, is being mix or if all of yauere girl how it
would affect?

Kid.l.21: In my opinion being mixed is better. If we were girls
maybe we could not have gotten well. If someonle something |
also want to take it but if there are boys we dehg with them.
Things could go ordered.

R: Sence kagik olmasi mi daha iyi yoksa hepsi kiz olsa nasiidal.

Kid.l.21: Kariglk olmasi benim i¢cin. Daha iyi. Hep kiz olsaydik
anlagamayabilirdik mesela. O alginda bende almak isterdim. Ama erkekler ile
iyi anlagabiliyoruz. Sira ile gidebiliyor.

Kid.I.06: It was logical that being 4 people fod eople. At the
beginning we were asking for boys and girsl group ibwas not
meaningful. There could be problem if only boyd anly girsl

were inside the groups like | will do that and ywili do that kind

of things. Sharing was higher when the groups wemmanged

mixed.

Kid.l.06: 24 kisiye dort ksi mantikliydi bence. Béa biz hani kizlar erkekler
olsun diyorduk ya. Bence birazda anlamsizsbymg. Bu projede kizlar erkekler
olsaydi. Boyle bir anlgmazliklar ¢ikabilirdi./ste ben yapacam sen yapacan gibi.
Yani erkek kiz kagik olunca biraz paylam oldu.

Three boys’ and two girls preferences were to beesgender groups in the first
camp and three boys and three girls stated thgt\aated to work with the same
gender group mates in the second camp. As KidéxXlained individual factors

such as being a shy person could affect their prates.

R: So, this four are all boys. If they were mix&duld it be better?
Kid.l.04: If they were mixed of boys and girls @wld be worse.

R: Why?

Kid.l.04: Because, it would be the thing... Thmmdiboys would do
the things and girls just watch. In my opinion.

R: Why? If you can do with boys, you can also db girls.
Kid.l.04: We can be shamed.

R: Peki bu dort kinin hepsi erkek ya. Bunlar kiz erkek k#tiolsa idi daha mi
iyi olurdu.

Kid.l.04: Kiz erkek kasik olsa daha kot olurdu.

R: Neden.

Kid.l.04: Cunkul.Sey olurdu. Bu sefer erkekler yapar kiz bakar kiztapar
erkekler bakar. Bence oyle.
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R: Niye birlikte erkekler ile birlikte yapiyorsarkzzlar ile de birlikte yapardiniz.
Kid.l.04: Ama sanki utaniriz.

Similarly, Kid.ll.10 stated main reason for choassame gender as group mates is

they feel uncomfortable with opposite gender.

R: Ok, on the first day we grouped you as randdngpu had do
that how would you form your group?

Kid.l1.10: Like what?

R: I we had wanted you to form a group, how wowld fporm it?
Kid.II.10: I would not choose girls?

R: You would not let girls join to group. Why?

Kid.l1.10: No reason.

R: Why? Do not girls work and be lazy?

Kid.I.10: No, they are working very well.

R: So, why do not you want them?

Kid.II.10: It is problematic when they are in andrhn bored also.

R: Peki biz sizi ilk glin rastgele gidtik ya gruplara sen olsan kendi grubunu
nasil belirlerdin?

Kid.ll.10: Nasil yani?

R: Hadi istedginiz gibi bir grup olyturun deseydik nasil aftururdun?
Kid.l1.10: Kiz almazdim.

R: Gruba kiz almazdin. Neden?

Kid.l1.10: Iste.

R: Neden. Kizlar cagmiyorlar mi tembellik mi yapiyorlar?

Kid.ll.10: Yo iyi calsiyorlar.

R: Peki neden istemiyorsun?

Kid.l1.10: Kétl oluyor. Sikintih oluyor. Sikiliyom. Kizlar olunca.

Interestingly, one boy expressed that the boysgitslhave different working styles.
He stated that, boys work more efficiently thansgon the camp; however girls

work more seriously than boys.

R: ... Is there a difference between boys and gmsde group
about working?

Kid.l.11: There is not much difference but boys waking more
efficiently but they are sassy sometimes. Girlsraesassy while
working, that is they work seriously.

R: They are working seriously.

Kid.l.11: Yes but if boys work, they are more axtiv

R:...Bu kizlar ile erkekler arasinda bir farklihikar mi. Grupta cabmak
acisindan.

Kid.l.11: Cok yokta erkekler bence daha verimliiggbr. Ama tabi civitiyorlar
da. Kizlar bazen civitmiyor, yani kizlar daha ¢okteniyor.

R: Daha ciddi caliyorlar.

Kid.l.11: Evet. Ama erkekler ¢cainca daha etkin ¢aliyorlar.
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4.3.2.2.1Conclusions about group mates’ gender

The children’s opinions about group mates’ gendkminated by mixed gender
group or group mates’ gender does not matter.doinluded that in a robotics camp
the group should be constructed with mixed gendlereover, mixed gender group

could also help shy children gaining social skills.
4.3.2.2.2Design principles for group members’ gender

It is obvious that group in a robotics camps shdagdconstructed with mixed gender
group to encourage them to make social interacatiibh opposite gender and more

productive group works.
4.3.2.3Group Problems

As expected, sometimes the children had problertistiveir groups. During the first
camp, it was observed that children were mostly plamed their group mate(s)
about giving less chance to them and wants to magarly all staff by
himself/herself. In that situation, the instructadvised to share the task. For
example, while combining pieces according to maneailery member should
combine the pieces at one page. Group membersedesimake more was not a
problem at the second camp; however, some of thereh’'s destructing behaviors
were the main source of the group problems atebersd camp.

Sometimes the children had problems with their gsodWhen they were asked about
the group problems, eight of the children fromfirg camp and four of the children
from the second camp were not satisfied their groaembers’ performance; because
they not interested what they working on.

R: For instance, what did you do? What was hardyfmu?

Kid.l.30: I had hard times with my friends.

R: With your friends, what kind of things?

Kid.[.30: My friends did not do anything. All thieings was done
by me and my friend Abdullah. In that day, we wexe tired and
we were in asleep in the school bus.

R: You were in asleep in the bus?

Kid.l.30: They do nothing, they just talk each othe
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R: Mesela ne yaptin neydi o zorlagh zamanlar

Kid.l.30: Zorlandgim zamanlar arkaddarimla oldu

R: Arkadalarinla oldu ne gibi

Kid.l.30: Arkadalarim hichir sey yapmadi hep Abdullah diye arkadaiz bitiin
programlari filan hep ona yaptirdi arkagianla ben sadece biz yaptik ikjikiste
0 sadece biz yaptik biz o giin hatta cok yoruldukiste uyuyorduk nerdeyse
R: Serviste uyuyordunuz nerdeyse

Kid.l.30: Hicbir sey yapmiyorlar sadece kaguyor sohbet ediyorlar

R: Ok, did you have any problem with your group imens:?
Kid.Il.09: Yes. When | was in my old group, Kid.#.and | were
very curios and we were trying to do something etene. When |
was involved in the group, we were trying to davéo watering
machine. We were trying to do its hand and boyswéaying with
the computer. We were working but they were dealvith
something else. It was a bit problematic. Whileytiwere playing
with computer | was fed up with doing it and | dit want to do.

R: Peki grup arkadgdarin ile her hangi bir problem yadin mi?

Kid 09: Evet. Eski grupta birinci gruptayketyle bir sey vardi. Kid 12 ve ben
genel de ¢ok merakli olgumuz igin surekli bigeyler yapmaya ¢aliyoruz. Ne
bileyim ben projeye gegimiz zaman cicek sulama robotu yapmaygdraistik.
Biz orada elini yapmaya calyoruz. Erkekler orada bilgisayar la oynuyorlar.
Biz yapiyoruzste onlar baka bir seyle @rasiyorlar. [ste o biraz sikinti oldu.
Onlar vyine bilgisayar ile oynarken artik bezdim #anden yapmak
istemeniitim.

Similarly complaints about not interested group rhers reflected on the evaluation

forms.

Kid.l.03: In the last days of the camp we startedeav Project. U
was working hard for the Project but others werd mmrking.
Everybody should work and do something.

Kid.l.03: Kampimizin son gunlerindeyiz ve bir pygebaladik. Ben bu proje
icin ¢ok calystlyorum, arkadglarim hi¢ calsmiyor. Herkes cafip biraz
ugragmall bence.

Although, the instructors warned about them to wioidether with respectfully and
advised to combine pieces with task sharing or aittjueue, seven of the children
from the first camp complained about their groupmhers had wanted to make more
and gave less chance to them. Similar to thedastp, some of the children wanted
to make more on work and give less chance to groafes at the second camp.
Although, each groups’ instructors warned them towkwespectfully to the group
mates’ rights; five children complained about threup mates not to respect their
rights.
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R: Ok, Could you evaluate the interaction amongghmup? Like
sharing missions and other distributions.

Kid.l.03: Yes, we do it. It was also valid when X¥Xs here but
there were some people who did not care it. XXXvkheShe did
this. She was saying that we were deciding foryarer like you do
this and you this kind of. We were doing what wd but later

XXX saw that her mission was hard or short. She #ait | do two
things. | did not like her behavior.

R: Peki grup icerisindeki etkijemi bir degerlendirebilir misin? Hani grup
arkadasinla paylagimlar gérev paylaimi.

Kid.l.03: Evet onu yapiyoruz zaten. XXX varken deaadi. Ama mesela hani
uymayanlar vardi. XXX biliyorduSey yapiyordu. Diyordu ki herkesin ki gibi
kararlastirlyorduk. Sengsunu o sunu gibi. Siz sunlar yapacaksiniz diye
yapiyorduk. Ama sonrasinda XXX bakti kendinaas! kisa geldi veya zor geldi
boyle derken. O hemen diyordu banane banane feniki asama yapayim.
Bunu bgenmedim.

R: So, did you have any problem with your friends?

Kid.II.20: | had some problems with Kid.ll.18.

R: Yes, you are in the same group with Kid.ll.18atvkind of
problems did you have with Kid.l1.187?

Kid.II.20: Kid.ll.18 does not help much. He wardsdib everything
alone and when he cannot he blames us.

R: Peki grup arkadgdarinla herhangi bir sorun ygadin mi?

Kid.l1.20: Biraz Kid.ll.18’le sorun ygadim.

R: Evet Kid.ll.18'in grubundasin sen, ne gibi sdarryasadiniz Kid.I.18'le?
Kid.l.20: Kid.ll.18 cok yardim etmiyo. Hereyi kendi yapmak istiyor
yapamayinca da sucgu bize atiyor.

Four of the children stated that they want to speeted. They complained about
some group members who they did not care theirsidéaring group work.
Moreover, some of the children’s bad language washeer complained disrespectful
behavior. However, the kids from the second camgh midt mentioned selfish

behavior of a group member.

Kid.[.07: | have two things with my group and rob®here were
rude things among the group. They call people a@nLand also
they were mocking. | was telling something veryossty and want
them to make like that but they were saying me riDobe silly!”. |
mean, they were not taking my ideas. For instanm@eshing
should be done one by one but they were breakmguleue and it
was torture.

Kid.l.0O7: Ya hani grupla ilgili bi de robotla ilgil2 taneseyim var. Hem hani
gruplarda sey oluyo mesela saygisizlik oluytei Lan man gruplar arasinda bi
de kendi grubumuzda mesefteidalga gegciyolar. Ben ¢ok ciddighsdyliyorum
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mesela bunu boyle yapalim diyorusteisagcmalama yok bu olmaz hani benim
ordan giriyo ordan ¢ikiyo hani benim dguth gorisimi almiyolar. Hani mesela
bunu sira siri yapcaz. Hangte sirayr bozdum ben bana bdyle bi eziyet yapmi
gibi oluyo bdyle bakiyorlar.

In the second camp the instructors had problemb wdme children. Especially
some of the divorced parents’ children attendedmfrgovernments special
dormitories. It was hard to handle them and keemtlon the subjects. Most of the
children also complained about these boys. Thirtdethe children stated that main

group problem was their group mates.

R: So, what is the reason for the problems with XXX
Kid.I.03: He is talking very rude. We do not getwell.
R: So, are those problems solved?

Kid.ll.03: No.

R: Did the instructor interfere to these problems?
Kid.I.03: Yes, they did but he did not listen ttern.

R: Peki, XXX ile yganan problemler neden oluyor sence?
Kid.l.03: Cok kaba konguyor. Hi¢ anlgamiyoruz.

R: Peki bu sorunlar ¢ézuldd ma?

Kid.l1.03: Hayir.

R: Egitmen bu sorunlara mudahale etti mi?

Kid.ll.03: Ya ediyorlar da hi¢ dinlemiyor ki.

Moreover, complains about some of the group memiediescted on the most of the

evaluation forms.

Kid.I.02: Our friend called Kid.ll.18 did not helps. He disturbed
us but we were good with other friends and heleth@ther.

Kid.l1.02: Kid.I.18 adl arkadaimiz bize yardim etmedi, bizi rahatsiz etti ancak
diger arkadglarimla ¢ok iyi anlatik ve hep birbirimize yardim ettik.

4.3.2.3.1nstructors’ Opinions about Group Problems

As stated in camps’ diaries parts, the groups ddfiny a game at the first camp
however at the second camp children were givermabeubetween 1 to 6 and all the
children with the same number created a group. @ree instructors stated that,
defining the group with giving number was good heseaall the friends (and same

gender) sitting together therefore this method sgpahem perfectly.

| think it was very good especially, 1-2-3-4-5-6sweery good. In
my opinion, it was good to get authority at firstyd What we said
had happened. They completely separated with U53H
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because all friends sitting together and the ginere ready to
become spoiled. One separated to a group, anothparated to
other group that method was super. Bu maybe bef@atewe could
play a game (Instructor 1).

Bence c¢ok guzel oldu, 1-2-3-4-5-6 cok guizel oldancB ilk glinU otoriteyi hop
diye ortaya koymak iyi oldu. Bizim dgthiz oldu. Ya zaten direk ayrildilar
kizlar ¢ok kotlyduler ay begu tisortd giymem ay ben onla olmam kizlar
simarmaya hazirdilar. 1-2-3-4-5-6 Yaptik zaten busiikadglar yan yanaydi.
Biri 0 guruba biri bu guruba o metot stiper oldu. &rpelki ondan 6nce oyun
oynayabilirdik. (Egitmen 1)

Assigning each group an instructor prevented manthe problems before they
emerged. Instructor 3 stated that at the first caompe of the children’s complains
about carelessness. However, at the second cammstinuctors and the responsible

group were defined and the children did not hawh sxpectation.

When we went to a group, other groups asked usywhydid not
come to us (at the first camp). The children kniesirtown groups
so they did not said that you did not come to awug, because
every child worked with each instructors (Instruc3j.

Bir gruba gitsek djer grupta niye sen bize gelmedin diyebiliyordu ifRir
kampta). Burada cocuklar kendi gruplarini bildi wen bize gelmedin gibi
olaylar olmadi. Cunkl herkes o grupta o abi ve tagla calistl. (Egitmen 3)

Moreover, when an instructor assigned to each grihigpinstructors’ responsibilities
were clearly defined. Therefore, the instructorsrevaware of children he/she
responsible. As instructor 2 stated, a child asgoasible instructor were obvious in

the second camp.

| my opinion, especially stations was very successfcause every
instructor had the students to be responsible. &ample, when |
saw Kid 11.18, | could say where you were Kid IL. I®e Kid could
say that the instructor 5 was responsible from Waen | saw a
child, I knew which instructor was responsible fom. Other way
(first camp) was too much free (Instructor 2).

Ozellikle istasyonlar ¢ok Bariliydi bence, ¢unki her birgéetmenin sorumlu
oldugu d&grenciler vardi. Mesela ben Kid.ll.18'1 gordiim zaman

diyebiliyordum Kid.ll.18 nerdesin? gimen 5 deyim o &tmen 5 in

sorumlulgunda. Ya da birisini gordéiimde hangi ablanin ya da abinin
sorumlulgunda biliyordum. Dger turli (birici kamp) ¢ok serbest oluyorlar.
(Egitmen 2)

With the instructor and group match, classroom rganeent was also easier and the
noise level of the camp environment was quite lowha second camp. Instructor 1

137



stated that she was impressed when the childrenbbad working at the second

camp.

| remembered the other project (the first campgréhwas always
someone in the middle who was walking around cotigtaln the
station works (second camp) | was looking for assland when |
saw everyone worked hard, | felt that what a gdudg that was
super... (Instructor 1)

Ben dger projeyi hatirliyorum (birinci kamp), surekli dmiyorlardi sirekli
ortada birileri vardi. Hele istasyonda (ikinci kanpen sdyle sinifa bir
bakiyorum en ké@deyim ya bide, herkes haril haril gajyior. Allah’im ne giizel
super birsey falan diyordum... (&tmen 1)

In the design phase of the second camp the inetaubad not been informed about
grade levels of the children and they had beerkiinthat the 8 grade students
would attend the camp. They prepared the instmagpecially the stations for the
6™ grade. In programming part of the camp that wasanbig deal, because all the
children had not known the programming and programgnwas a new thing for
them. Therefore, programming section could grasgr tattention. However, in
stations sections, some of the children had alrdadyliar the related science or
mathematics concepts. Therefore, these affectedhitdren motivations toward that

station.

In the part of analysis, we did not know the stusleome from
different grades (6-7-8). Therefore, the studergsewnot the same
classes and it was really big problem. Each groas B" 7" and
8" grades children. Now I've noticed that six gradesients were
more interested in the camp. Imagine that the spualiior were
much more concerned with the camp. "ffanhd & grade did not
attend the camp, "6 grades could be more motivated toward
velocity activities (Instructor 1).

Bi kere analiz kisminda bizgtencilerin 6-7-8 olacgini bilmiyorduk. Bu ¢ok
biyik bir problem oldu kesinlikle ayni siniftan atmalari sinif seviyelerinin
farkll olmalari butiin gruplarda 6’da vardi 7’de 8doyle bir dgitmisiz ki yani
buna goresimdi genelde benim fark eftm 6.siniflar daha cok ilgiliydiler.
Dustnin o kucuk ufakliklari onlar ¢ok daha ilgiliydileEger etkinlikler 8 ler
falan olmasaydi 8-7 belki 6 lar yine o hiz etkildiinde onlarda da ¢ok hevesli
motive olabilirlerdi yani. (Eitmen 1)

Moreover, that was also affected, children are 3-8" grades
they says; “aaaa | already have know that” and @ed not get
attention. (Instructor 3)
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Ya bideseyde etkiledi bence hani 5-6-7-8 ya ey oluyor aaaa ben bunu
biliyorum diyor ¢ok hani ilgisini gekmiyor. giimen 3)

The consensus of the instructors’ opinion is thadgrlevel of the children or
children’s prior knowledge about the concept shoblel same for effective

instruction.
4.3.2.3.2Conclusions about Group Problems

“Group member”, “not interested group members”, fiigato make more” and “no

sight of respect” are causes of the group problemesrged at this study.

While designing a robotic camp, the instructorsustidoe aware of these possible
causes. Assigning an instructor to each group cprégdent some group problems.
For example, the instructor can manage task shacargget interest of the children
toward activities and the children should be ma&spectful toward group mates in

existence of an instructor in the group.

Encouraging task sharing or division of the labould give equal chance to each
member to join group work. Therefore, each groupnimers will be aware of how

much he/she could do and group mates’ rights.
4.3.2.3.3Design principles for group problems

Because a robot is an interesting toy for childtae,children wants to engage more
time with them even without giving chance to gronates. On the other hand, some
of the children feel isolated and does not intewdsdt the group mates are doing and
engage different things. Task sharing and divisséiabor should be encouraged

during a robotics camp to eliminate both problems.

As the instructors stated, the children who attdrntdea robotics camps should be at
the same age. Therefore, the children will undadsteach other more easily and

during STEM activities, the instructor could defiegel of the activities.
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4.3.3Competition

While designing the robot camps; one of the impurt@ecisions was whether the
camp will be competitive or not. That was a dilemnb&cause the races and
tournaments will increase the children’s motivateomd would be the source of the
fun. Although, there was not any prize at the ehthe contests, there would always
one winner and the rest will feel they were defeéaleherefore, it was decided that,
there will be competition at first camp but it wile explained the children, the races
and contests are just for fun, the results shoutl be exaggerated. However,

competition was kept at minimum level at the seccarap.

Although, there was any encouragement for compatiit the second camp, during
the interviews the children’s opinions about contmet were taken from all

children. Competition related concepts and theigfiencies are shown at Table 4.13.

Table 4.13
Competition
I. Camp II. Camp
Category Sub-category
# % # %
Positive 22 73.3 7 31.8
Negative 9 30.0 7 31.8
Tournament event 15 50.0 - -
- Desire to be the first 3 10.0 - -
Competition
Gentlemanly contest 1 3.3 - -
Contest give value to camp 1 3.3 - -
Self-competition - - 14 63.6
No competition - - 6 27.3

At the first day of the first camp, the robot setsre distributed and while children
were combining the pieces accordingly to the mantna researcher was walking

between the groups and looking their progress. ciié said that with enthusiasm:
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-We are the first.

-Biz birinciyiz.
Their progress was further than the other groupd they nearly finished their robot,
however, the instructors did not announce any caditigge The child put himself
into a self-competition. Moreover, during the cainwas observed that, the children
spend more effort when they were programming theibots for races or
tournaments. At competition time, they worked maseriously and more

collaboratively with their group.

Twenty two of the children who attended to firsitngarand seven of the children
from the second camp think that the competition pasitive and they emphasized
that they work more seriously when there was a @titign like Kid.l.27 stated.

R: At the beginning, we had competitions. Whataothink about
those competitions?

Kid.l.27: | think the competition is better.

R: Why is it better?

Kid.l.27: For example, Mustafa does not acceptltss. You learn
to accept the loss. Then, you congratulate the @vinfor instance,
Mustafa does not do such things. He never saysudhat you did
good robot. Moreover, everyday one group takes ftlag.
Everybody applaud to them and if one person doeappuaud, the
group members sadden.

R: So, the group who wins saddens.

Kid.l.27: Yes.

R: So, is such a competition atmosphere good?

Kid.l.27: Yes, you try to do belter robot to wiretbompetition, to
become belter.

R: 7k zamanlar yaw yapiyorduk. Yaglar hakkinda ne diiiniiyorsun ?

Kid.l.27: Yargsma bence daha iyi...

R: Neden daha iyi ?

Kid.l.27: Mesela Mustafa yenilgli zaman yenilgiyi kabul etmiyor. Yenilgiyi
kabul etmeyi greniyorsun. Sonra yenengkii tebrikliyorsun. Mesela, Mustafa
Oyle seyler yapmiyor. Hi¢ yanina gidip siz ¢ok giizel ropapmysiniz demiyor.
Bir de, biz artiksey aliyoruz ya, bayrak, o bayrakta mesela hergimkbi
aliyor, bir grup aliyor. O zaman herkes alkyor, biri alkislamadgl zaman o
gruptaki kyiler biraz Gziluyor.

R: Alan kgiler Gztldyor yani...

Kid.l.27: Evet.

R: Peki boyle bir rekabet ortaminin olmasi giize? mi

Kid.l.27: Evet, daha iyi robot yapmaya gajyiorsun. Biz birinci olahm, biz iyi
olalim diye...
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R: Ok, is rivalry good for you?

Kid.I.02: It is good for me.

R: Are there any problem when there is a rivalry.

Kid.Il.02: When there is rivalry, we become mor¢edmined. We
work more.

R: Peki rekabet olmasi sence glizelsely mi. Yoksa?

Kid.l1.02: Iyi bir sey bence.

R: Sorun cikiyor mu peki rekabet olunca?

Kid.ll.02: Rekabet olunca daha azimli oluyoruz. Bajok calsiyoruz.

In one of the evaluation form, Kid.l.24 put into sddnis request of contest like:

Kid.l.24: In my opinion, when sensor was put orthere should
have been a mission and competition.

Kid.l.24: Bence sensor takilinca bir gorev verilipéi ve yary olmaliydi.

Nine of the children at the first camp and severhef children at the second camp
think that competition was negative. There were t@asons for it. Firstly, in the
competition case, they wanted to be the winner theg worked for it. However,
while working for contest they felt much more stre$herefore, the stress affected

their performance.

R: What do you think about the competitions?

Kid.l.11: There are competitions already. We cam wr lose.
When worked so much it makes unhappy when you lose.

R: Even there is not a reward, you become unhappy?

Kid.l.11: Yes.

R: Ok, in the evening when we say, there is cotip®tis the work
more funny and efficient?

Kid.l.11: For me, it is a bit stressful.

R: Rivalry? Is competition something stressfulyfou?

Kid.l.11: Yes.

R: So, why are you becoming stressful?

Kid.l.11: For doing fast and win it. | could not dor cannot be
done like kind of things.

R: This is the source?

Kid.l.11: Yes.

R: Ne diginidyorsun yasmalar hakkinda.

Kid.l.11: Ya zaten yagmalar oluyor. Kazanmakta var kaybetmekte. O kadar
caligiyorsunda kaybedince 6yle bir Giziluyorsun.

R: Odiil olmasa dabhi tiziiliiyorsun.

Kid.l.11: Evet.

R: Peki akam yarsma var dedfimizdeki calyma daha mi glenceli daha mi
verimli oluyor.

Kid.l.11: Benim i¢in bana biraz stres veriyor.

R: Rekabet olmasi? Yama olmasi stres mi yapiyor?
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Kid.l.11: Evet.

R: Peki neden stres oluyorsun.

Kid.l.11: Hemen yapayim. Kazanayim. ftegmiyecgim. Bdyle olmuyor filan
diye.

R: O stres yapiyor.

Kid.l.11: Evet.

Second reason is the results of the contests agtihdefore the camp. Although,
there was not any prize at the end of the contést,children gave too much
emphasis on the result of the contest than therelser's expectation. As Kid.l.20’s
term; they turned the situation to “a matter of Eind death”.

R: We were doing competitions at first times. Thees rivalry
between the groups. What do you think of those ettigms?
Kid.l.20: We won of those competitions. Was it tl girls” or
“inventor girls”. | think it was “inventor girls”. We won with draw
but we were chosen as the winner. | was very happever in the
other game even we did the right program, we haditpto the
wrong file so we made it very important for us abecame
unhappy.

R: Did you make it?

Kid.l.20: Yes. For example, Kid.l.18 went to hidesand put his
head to the table like that. He said himself likeatt Later,
everyone started arguing each other before givimgeo each
other.

R: Biz ilk zamanlar yagmalar yapiyorduk. Gruplar arasi rekabet vardi. Ne
distndyorsun yagmalar hakkinda.

Kid.l.20: O yargmanin birinde kazandik. Altin kizlar miyd1? Mdeilar miydi?
Her halde mucit kizlardizkimiz berabere kalrmgtik. Ama birinci segilngtik. O
acidan cok sevingtim. Ama daha sonra 6bir yata kendimiz dgru programi
yapip ta yank dosyanin icine aimiz icin resmen hayat memat meselesine
cevirmistik.

R: Siz mi ¢evirmstiniz.

Kid.l.20: Evet. Mesela Kid.l.18yle gecti yeringdyle kafasini masaya yasladi.
Soyle kendi kendine laf atti falan. Daha sonra herkerbiri ile tartismaya
basladi. Grev vermeden 6nce birbirimize.

R: Would the camp more funny if there were compefit
Kid.ll.16: This is better in my opinion because rtheould be
problems such as doing better if there were cormipeti There
could be sulks between us. This is the best.

R: Yaryma ortami olsa daha mi iyi olurdu. Daha rglenceli olurdu kamp?
Kid.ll.16: Boylesi bence ¢ok daha iyi. Cunki yara olsa ben daha iyi yapcam
ben daha iyi yapcam kavgalar olabilirdi. Kuslikkgabilirdi. En iyisi boyle.

As explained in the diary of the first camp sectianthe fourth day of the camp they
made a tournament. After the tournament, some efgtibups objected to result of
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the tournament because they thought that the wigrarp got some extra help. It
was the hardest discussion and the worst eveiteotdamp. The instructions tried to
explain it was not so important but the childrenl ladready made it a matter of life
and death. The tournament result did not changeoter children disturbed from
the discussion and objections. Fifteen of the chrdexpress their discomfort from

that event.

R: We created a rivalry situation. What do you khat it?

Kid.l.14: There were unnecessary arguments. It \&abit sad
event. In my opinion there was no need to makegeb. It is just
a competition. | do not care things like that.

R: Bir sekilde rekabet ortami ojturduk. Bunun hakkinda neler dintiyorsun
Kid.l.14: Sacma tarfmalar ygandi. Biraz Uzucu bir olaydi. Ama fazla
biyitmeye gerek yok bence. Alt Usti bir syaa bence. Ben pek
dnemsemiyorum boéyjeyleri.

Children reflected their opinions about that inod@lso on that day’s evaluation

forms.

Kid.l.18: Something | faced with as negative; we deaa
competition. Everybody had arguments and fightingito In my
opinion those things are unnecessary. We do nod rtbese
arguments.

Kid.l.14: Olumsuz olarak yadigim olaylardan biri; bir yarsma yaptik. Herkes
onun Ustline targmalar, kavgalar yapti. Bence bu tigeyler cok sacma. Ne
gerek var boyle targmalara.

As exampled before, some of the children intringicaant to be winner although
they are not in a competitive environment. Threthefchildren stated that they have
desire to be the winner. They gave a value to tmmev intrinsically. As Kid.l.18
expressed, they wanted to be the winner therefaie friends and instructors could

recognize them.

R: What do you think while you are here?

Kid.l.18: Finishing the robot as soon as possilhel &showing you.
R: Why is this so important? Is showing as soonpassible
important?

Kid.l.18: Yes for me. Finishing earlier than evengo

R: Why doing early and showing before everyoneoigrgortant
for you?

Kid.l.18: Why important. Finish earlier than evengand taking
well done from you.
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R: Burada iken neler giintyorsun.

Kid.l.18: Robotu bir an énce bitirip size gostermey

R: Bu neden bu kadar dnemli. Hani bir an 6nce gixsék dnemli mi?
Kid.l.18: Yani benim icin. Bir an 6nce herkesterc@&mbitirmek.

R: Once yapip gostermek neden senin icin 6nemli.

Kid.l.18: Neden 6nemli. Herkesden dnce bitirip yana aferin demeniz. O.

Although the tournament events and its’ bad conseces, during the interviews
two-third of the children expressed their posittheught about competition. That
shows somehow group competitions should be patisfking of camps. However,

the answer of the big question “how should comjeetibe structured?” was also
given by the children. Kid.l.22 emphasized thathé completion was structured,
contests should be done in a gentlemanly mann&y $hould not discuss the result

of the contests.

R: What do you think of the competitions we madethat

beginning?

Kid.l.22: In the competitions, for instance if aogp loses it, they
work. They argue on it and it is bad. During themxetitions, we
should be gentlemen and have respect to others.

R: Which one is good, having competitions or not?

Kid.l.22: In my opinion, having competitions is teetbut it should
be like this. Groups should not have arguments gmiem. |

mean, they should not argue it there is a competitlf they will

argue, there should not be any competition.

R: [lk zamanlar yapgimiz yargsmalar hakkinda neler diiniiyorsun.

Kid.l.22: Yarsmalar da mesela bir grup kaybedince bir grup taigah ya
gidiyor. Tartsiyorlar. O ko6t oluyor mesela. Yama yapilirken centilmen
davranilmali bence. Birbirlerine saygi gosterilmeli

R: Yarsma olmasi mi olmamasi mi daha iyi.

Kid.l.22: Yarsma olmasi daha iyi amgoyle olmali. Gruplar arasinda
tartismamalar  lazim. Yani yama olacak ise targmayacaklar. [Eer
tartisacaklar ise yawma olmasin bence.

Moreover, Kid.l.28 explained that the contests gaakie to the camp, when they
work for contest they made discussion and exchéamgje ideas. They liked worked

this way. However, without contests, they worked@ilimgly and just hanged out.

R: Ok, we had some competitions, what do think hase
competitions?

Kid.l.28: Competitions were good but sometimes tohwere not
doing what we wanted from them so we were unhappase
times. We were becoming angry so we did not wanpettions.
R: Should competitions be or not?

Kid.l.28: It is both good if there are competitiooisnot.
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R: If there are competitions, why it is good?

Kid.l.28: When there are competitions, a rivalryisex among us.
We have arguments. We talk about doing somethkegthiis and
doing other like this. If we do like these thingsdme fast. We can
have meetings during the competitions.

R: Ok, if they do not exist?

Kid.l.28: If there are not competitions, we argwsd. We do not
give importance to the competition and it is nob@o

R: When there are competitions, you work moreiefftty. With no
competition, you do not care?

Kid.l.28: Yes. We fool away the time. For example,finish the
robot and have the remaining time with competitiNow there is
no competition so we sit usually. We try to setetbmg. We are
busy with them.

R: Peki biz bir ara yasmalar yapiyorduk. Ne guntyorsun yagmalar
hakkinda

Kid.l.28: Yargsmalar giizeldi de robotlar bazen istgizi yapmiyordu. O
yuzden de canimiz ¢ok sikiliyordu. SinirleniyordGkytizden fazla yama
yapmay! istemiyorduk.

R: Yarsma olsun mu olmasin mi?

Kid.l.28: Olsa da guizel olmasa da guzel.

R: Olsa da neden gtizel?

Kid.l.28: Olsa aramizda bir ceiine oluyor. Tarimalar oluyor. Sunu sdyle
yapariz bunu béyle yapariz. Boyle yapsak daha idbr daha fazla doner gibi.
Tartismalar yapabiliyoruz yagmada.

R: Peki olmasa nasil olur?

Kid.l.28: Olmasa biraz az tagima yapiyoruz. Fazla yama Uzerinde
durmuyoruz. Pek de giizel olmuyor.

R: Yarsma olunca daha da etkin ¢cglyorsunuz. Yagma olmayinca daha da
bdyle bg veriyorsunuz.

Kid.l.28: Evet. Biraz bp geciyor vaktimiz. Mesela robotu bitiriyoruz. Kalan
zamani yawma ile geciriyoruz. Obiir giinlerdeSimdi yarsma yok o yiizden
oturuyoruz. Birseyler takmaya ¢adiyoruz. Onlara grasiyoruz.

At design phase of the second camp, the instructecgded to keep competition at
minimum level at the second camp. However, someuc®rs asked some questions
or took each child’'s guess or hypothesis aboutrédsalt and compared them at
learning stations. During the interviews, the dféh evaluated these activities as
competition. However, the instructors never encgedathem for group competition.

But, some of the children especially Kid.ll.06, ited the other groups and

challenged them that her group does it bettersiefa

Fourteen of the children stated that somehow thaytipemselves into the self-
competition (self means the children challengedntfedves, the instructors did not

encouraged them). They mostly mentioned about Kié.lbehaviors.
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R: So between the groups, was there a competitrmhdf things?
Have you felt like that during the camp?

Kid.Il.11: Only a girl called Kid.ll.06 was coming our side and
telling that our robot was bad and theirs was good.

R: Peki gruplar arasi boyle bir ygma tarzi birsey var miydi? Kamp boyunca
hissettgin?

Kid.ll.11:Sadece bir kiz, Kid.ll.06 geliyordu. Kid06 de bizim robotumuz iyi
oluyor. Sizin ki kétu oluyor. Diyordu.

The rest of the children at the second camp (N+&ed that there was not any

competition.

Students’ data revealed that the children liked metion in the robotics camps.
Even though, the tournament event (unwanted coesegs of the competition) the
children prefer to work in a competitive environredf the camp was not

competitive, they create their competition betwdemselves.
4.3.3.1Instructors’ opinions about competition

Kid.ll.O6 behaviors also noticed by the instructotastructor 4 reflected the
complaint of the children in her group about thed.KiO6 behaviors mostly

challenge and detraction about their projects.

R: ...yes Kid.ll.06 was used it for self-motivation.

Instructor 4: She breaks others motivations. Ki@3I complained
her, also Kid.Il.21 said that please don't come talnie.

Instructor 1: | think that Kid.l.06 motivated hiel§ as using the
way. She had really high motivation.

R: ...evet Kid.Il.06 kendini 8yle motive ediyor.

Egitmen 4: Kagisindakinin moralini inanilmaz bozuyor. Kid.Il.9&kayet etti, ya
da Kid.ll.21 gelmesin artik yeter dedi ka¢ kere atasna gidip yok ne dandik
yoksu yok bu...

Egitmen 1: Bence kendini gekilde motive ediyor. Kid.Il.06 motivesi ¢ok yiiksek
bir 6grenci yani aslinda.

The instructors also criticized selection of “th@up of the day” at the first camp.

According to them, it moved away the children frtdrma aim of the camp.

Instructor 2: In the first camp we selected theup®f the day at
the end of the each day. They come to us and asketioose
them.The aim was...

Instructor 4. Became the winner instead of to fear
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Egitmen 2: Eski grupta (birinci kamp) biz birincilereer giiniin sonunda birinci
se¢ip masaya bayrak koyuyorduk ve bir yavardi ve @renciler surekli
yanimiza gelip abla beni birinci se¢ artik. Amagclgay olmuytu

Egitmen 4: GGrenmek dgil de birinci olmak.

Moreover, Instructor 1 mentioned about a bad serpgerof competition in her

learning station at the second camp.

Kid.ll.16’s group was too bad in my station workedduse of
competition the group separated as girls and boysé they faster
than us”, “I could not make” they turned to anothdimension.
(Instructor 1)

Bizim iste su diyorum ya Kid.ll.16 lerin bizim istasyonda coéitidydi. Onun
sebebi rekabetti onlar ayrildilar kizlar erkekleiyd. Onlar mi cabuk yapti abla
biz mi ¢abuk yaptik ben yapamadim bilmem ne baylkd foir boyuta dénjti.
(Egitmen 1)

4.3.3.2Conclusions about competition issues

Although some negative consequences of competilika tournament event at the
first camp, most of the children’s opinions abouwmpetition was positive.

Moreover, especially at the second camp, it is eskand most of the children
stated existence of self-competition. Therefommngetition should be a part of a
robotic camp. As the instructor stated, competistiould not be over emphasized

like selecting “the group of the day” to keep theuiet.
4.3.3.3Design principles for competition

When design phase of a robotics camp curriculuornoments and races should be
arranged to increase children motivation toward dbgvities and it will make the
camp more entertaining. However, competition shawdtd be over emphasized and
causes to misunderstandings. It should be cleafiped that tournaments and races
are just for fun and motivation and the childrenwdd not predicate another meaning
to the results of the competitions.

148



4.3.4Coaching

The fourth sub-question of the study is relateddaching issues at a robotic camp.
Meaning of coaching is the monitoring of the leasheactivities and when it
necessary assisting and supporting them (Denr@l)2Coaching involves giving
cues or hints, providing feedback, redirecting stid' efforts, and helping them use
a strategy. The main principle of coaching is targg the right amount of help when
learners need it neither too much nor too littlerdfiore learners retain as much
responsibility as possible for their own learnifigngmann et al., 1990). According
to Jonassen (1999), a good coach should motiledgeners, analyze their
performances, provide feedback and advice on th®rpgances and how to learn
about how to perform, and provoke reflection on amticulation of what was

learned.

During the camps the instructors main duties waglsimg the children’s work with

robots. It was observed that the children were nmole enjoyed their process when
they guided and solved their problems their owncdBse the camps’ curriculum
based on constructionist view which sees childretha active builder of the their
knowledge (Kafai & Resnick, 1996; Maxwell, 2006)et instructors’ main

responsibility is coaching children’s learning. g the camps, the instructors did
not give direct answer of the problems; they gav@es hints about how they should

solve problems. Table 4.14 presents frequencigbentoaching category from the

both camps.
Table 4.14
Coaching
[. Camp [I. Camp
Category Sub-category
# % # %
Coaching Coaching 17 56.7 2 9.1
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Seventeen of the children stated that the instreidtad not given the direct answers
and therefore they learned better from the camp.

R: It was hard for you to program. How did the mustors help
you?

Kid.l.29: Instructors helped us about all the thénthat we could
not do but they did not do it directly, they jusivg us opinion and
we make them check it.

R: Ok, The instructors did not do for you, just\whand gave tips.
Could you evaluate this? Is this a good thingZhdyt had done it
for you, your work should have been less.

Kid.l.29: Yes, like this it would be easier but @gene here to learn
and make robot if they do the job it would not Emamngful. They
would learn for us and we do not learn anything.

R: Programlari yaparken zorlandinizgEmenler sizlere nasil yardimci oldular.
Kid.l.29: Egitmenler bize yapamag@imiz her konuda yardim ettiler ama hepsini
de onlar yapmadilar tabi bize sadece fikir verditez yaptik kontrol ettirdikste
oyle.

R: Pekisey diyecgim egitmenler onlar yapmadilar size sadece gosterdilier b
ipucu verdiler. Bunu dgrlendirir misin? bu iyi birsey mi? Hani yapip verseler
sanki kiniz daha da kolay olurdu gibi.

Kid.l.29: Ya o¢yle tabi daha kolay oludu da bizinrdya sonucta biz grenmek
icin geliyoruz robot yapmak icin geliyoruz onlarpgsa hicbir anlami olmaz
zaten onlar biliyor. O zaman onlargtenmis olurlar. Biz higbir sey &renmis
olmayiz.

Unlike the first camp, only two children were memied about the instructors’
encouragement them to learn themselves. Kid.llt8fed that he was given chance

to discover some concept at the camp.

R: About the education given at the camp; how waubeé? Would
it be given or would you explore yourself?

Kid.ll.01: We have explored ourselves, it would fbanier and
hard, that is we would have been rehearsed wheleavat.

R: What was missing in this camp from that point?

Kid.I.01: Nothing was missing from that point.

R: Were you let to explore or learn yourself?

Kid.l.O1: Yes, we were.

R:Kampta verilen gtim iste nasil bir gitim verilmeliydi, gitim verilmeli miydi
kendiniz mi kgetmeliydiniz?

Kid.ll.01: Biz kendimiz kgettik daha glenceli ve daha zor olurdu yani
Ogrenince tam otururdu.

R: Evet. Bu kampta mesela ne eksik oldu o yonden?

Kid.l.01: O y6énden bir eksik yok bence.

R: Peki sizin kfetmenize veya sizin kendisbmza @&renmenize izin verildi mi?
Kid.l.01: Verildi.
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Moreover, Kid.Il.06 expressed that the instructgase clues about the solution for

the problems.

R: Did the instructors help you about this problem?

Kid.Il.06: Yes, they did.

R: For example, what did the instructor?

Kid.Il.06: For instance, they gave hints about f@blem. They
helped.

R: Egitmen abi abla size yardimci oldu mu bu problem de?
Kid.Il.06: Evet oldu.

R: Neler yapti meselgs#gmen?

Kid.l.06: Mesela sorun ile ilgili ipuglari verdiyardim etti gibi.

4.3.4.1Consequences of coaching approach

As a result of constructionist approach and théruesors’ coaching strategies the
children mentioned some learning outcome of thepcakithough, they cannot name
it, they have explained very well their learningble 4.15 shows frequencies of sub-

categories emerged as results of coaching appfo@ohboth camps.

Table 4.15

Consequences of coaching approach

I. Camp [I. Camp
Category Sub-category
# % # %
Discovery learning 9 30.0 1 4.5
of coaching  Trial & error 8 26.7 1 4.5
Learning with fun 3 10.0 - -

4.3.4.1.1Discovery learning

Discovery learning refers to a type of learning vehthe students are exposed to

particular experiences and questions in such a tay they “discover” for

themselves the intended concepts (Hammer, 1997)ordmg to Bruner, (1961)

discovery learning could be benefited “(1) The @age in intellectual potency, (2)
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the shift from extrinsic to intrinsic rewards, (8arning the heuristics of discovering,
and (4) the aid to memory processing”(p. 58). Nofighe children expressed that
they had discovered and constructed their knowled§jd.l.24 expressed the

satisfaction and befits from the discovery learrasg

Kid.l.24: When you did like that | learnt how to keaanalogy and
relationships between them. While days were passingas

learning more, | mean about robots, and | was relgXecause |
was learning so in first days it was problematic rice.

R: Which one is good? Behaving like that or judling on the

board directly?

Kid.l.24: In my opinion, behaving like that becawge set up the
connection between them and we learnt better.

R: So, what is happening when you set up yourself?

Kid.l.24: If you had shown on the board, maybe wala have

forgotten it but for example at first when we makstake and then
fix it, | could remember this mistake longer howelvam talking

for me of course.

Kid.l.24: Sizin bdyle yaptinizda mantik kurmay! anladim aralarindakihiiyi
anladim yani zaten ilk giinler gectikce daha ¢gkediyordum ve yani robotla
ilgili daha coksey @&rendigim icin rahatliyordum o ylzden ilk ginlerde sorun
oldu yani

R: Boyle davranmamiz mi iyi yoksa direk tahtadald@ylatmamiz mi daha iyi
olurdu?

Kid.l.24: Bence bdyle davranmaniz ¢lnki kendimidddi onunla arasindaki
ili skiyi yani daha ¢ok anladik

R: Yani kendiniz kurunca ne oluyor?

Kid.l.24: Kendim yani direk tahtada gosterseydigiz belki unutabilirdik ama
mesela biz ilk bga hata yapip sonra duzefftmiz o hatayr daha ¢ok aklimda
kaliyor ben kendim igin koguyorum

4.3.4.1.2Critical Thinking

Critical thinking was defined as “an investigatiaose purpose is to explore a

situation, phenomenon, question, or problem tovarat a hypothesis or conclusion

about it that integrates all available informatiammd can therefore be convincingly

justified” (Kurfiss, 1988, p.20). Three of the anén expressed that the camp has
positive effects on grow of their critical thinkiradpility.

Kid.l.11: That is, we developed our mind. How isalied...
R: Knowledge? Skill?

Kid.l.11: Both it is

R: Or combination skills?
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Kid.l.11: Yes like it is. Still I am thinking. Warcunderstand what
to do better. For example, what could be for cdagdor collecting
garbage? Could be hand and other things.

Kid.l.11: Yani baka zihnimiziseyimizi geljtirdik. Ne denir.

R: Bilgilerini? Yetengini mi?

Kid.l.11: Hem o

R: Birlestirme becerilerini mi yoksa

Kid.l.11: Evet. Gibi. Yani daha iyi duniyorum. Ne yapaganizi daha iyi
distindlyoruz. Mesela ¢cop toplamak amacli neler olabHil olabilir. Daha
baska seyler olabilir.

4.3.4.1.3Trial & Error

During the camps, children were encouraged to tivedanswers themselves. While
working on activities or building their projectsl ahstructors did not give the
answers of their questions directly. They were suiggl to think on what they were
making. That is children’s learning were scaffoldduch is a kind of supporting for

the development and learning of children and yquegple (Rasmussen, 2001).

Sometimes the children figured out the problems thed solutions with trial-and-

error. Eight of the children stated that they hi@agned with trial-and-error.

Kid.l.05: Good. Because now at first you cannotashything but
later everything, for example | could do the fioste and it not it |
could do the second so you really learn somethigu learn
something while passing from second to the third.

Kid.l.05: Guzel. Cunkigimdi basta hic bir sey yapamiyorsun. Ama sonradan her
sey mesela ilk bi tanesini yaptim. O olmadi ikingigptim ondan ona gecerken
bir sey @reniyorsun./kiden lice gecerken hiey @reniyorsun.

Some of the children emphasized positive conseaseraf the trial-and-error

learning.

R: What do you think about that subject?

Kid.l.17: For me, finding with trying is better.

R: Why it is better?

Kid.l.17: For instance, one instructor. When onen¢ghwas hard
for us if he would say how to fix directly, we @bulot do it. We
could see our mistakes. With trying and trying.

R: O konuda neler diintiyorsun.
Kid.l.17: Ya bence deneye deneye bulmak daha giizel.
R:Neden daha guzel.
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Kid.l.17: Mesela bir gitmenimiz. Mesela bir konuda zorlandik. Hemen bdyle
yapin dese biz bigey yapamazdik ki. Hatalarimizi gérméluyoruz. Deneye
deneye.

4.3.4.1.4 earning with fun

The phrase “learning with fun” can be defined ghanomenon in which the learner
engage in a learning experience because the leanj@y and value the process of
the learning itself, rather than any instrumentdsons (Packer, 2006). It was
observed that the children enjoyed being the cantpadso they emphasized their
enjoyment. Three of the children stated they expeed fun and learning during the

camp both interviews and evaluation forms.

Kid.l.13: School sometimes could be boring. Herai yearn
something but having funny times.

Kid.l.13: Okul bazen sikici oluyo. Burdasdyleri dgreniyosun ama @enerek
Ogreniyosun.

Kid.[.UN:...It is nothing except for it and | coulcbme here every
day because it is very good to learn something hating fun.

Kid.l.LUN: ...Onun haricinde yok ve ben burada cakzg her giin olsun gelirim
cunki glenerek birgseyler &renmek cok guzel

4.3.4.2Instructors’ Opinions about Coaching

During the interview, one of the instructors statemv she worked on velocity
concept with children. As she stated she prefe8edratic questioning to explore

velocity concept and she adjusted pace of theostaitcording to children needs.

For example, my topic was velocity. They shouldehawone the
equation; first of all we did with the robot andtited the equation.
Later on | asked each one about what happens whevelocity
increases and the way remains. Like that. | askedd kinds of
guestions to everyone and then one asked to anatigtianother
asked other one so they understood the topic Wwetls draw the
graphic now and why did happened like that wherde@ease the
power and what happened to the velocity? They amsivike it

happened like that because there is a direct proporand etc; at
the end everyone answered. Even | asked to thd.K&l.| warned

him that his friend is asking a question and warited to answer
it. As a result | involved everyone to the group &ontinued till |

got the correct answer, and | told the topic engirdaybe, | went
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over something very fast and for something | wasy \&ow
because of the understanding level of the studentay opinion, it
was a good method because | think that they unomisthe
velocity topic (Instructor 2).

Benim konum mesela hiz konusuydu. Hiz formilingirtgdaklar iste dnce
robotla yaptik formiluni cikarttik. Daha sonra begpsine soru sordum tek tek
hiz artarsa yol sabit kalirsa zaman ne olur? Gibi.tarz sorular hepsine sira
sira sordum sonra bir grenci diger arkadalarina sordu o dferine o dgerine
sordu derken baya bir kavradilar. Hadisimdi grafigi ¢izelim sizce niye bdyle
cikti iste glict azalttik hiz ne oldu. Abla bdyle oldu atilakil dgru oranti var
abla ters oranti var gibi ¢inki hepsine sordum belntek. Kid.ll.18 bile gelse
gurubuma Kid.ll.18’e de sordum. Kid.ll.18 bak adesin sana soruyor hadi
bakalim nasil yapmidiye. Yani herkesi guruba kattim ve herkesten aigud
cevaplar alana kadar soru sordum ben, o kadar uaualattim. Belki birseyi
¢cok hizh gectim birseyi cok daha yawattirdim. Cinkt onlarin anlama
dizeylerine gére anlayana kadar anlattim yani. Rem@ayette iyi oldu hiz
konusunu anladiklarini giintyorum (Eitmen 2).

4.3.4.3Conclusion about Coaching

An instructor’s duty in a robotic camp is becomegood coach not a teacher or a
group member to make activities with children. Efere, they should monitor the

children performance and give right amount of suppden needed. Consequently,
the children will learn better and they will enjtheir learning.

4.3.4.4Design principles for coaching

Instructors’” main duty at a robotics camps to bedyooaches not to be classical
teachers. Because of the theory behind robotid¢suirton, constructionism requires
to children’s learning from their own experiencaghwobots. Moreover the children
stated that they have learnt better and they edjdlyeir learning experiences with

coaching.

A coach should motivate learners, analyze theifop@ances, provide feedback and
advice on the performances and how to learn abowt to perform, and provoke

reflection on and articulation of what was learf@ohassen, 1999).
4.3.5Technical Issues

During the camps, children had faced some techrpcablems, such as battery
shortage, Lego pieces etc. During the first camywas observed that batteries of the
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robots could not stand all day and sometime childrad to wait to charge their
robots. At the second camp, extra battery packs weed, when a robot out of
battery, that battery changed with charged onethadempty battery connected to
charger. Therefore, the children should not havedd charging of the battery. As
seen at Table 4.16 which shows frequency of thienieal issues from both camps,

no child complained about battery shortage at étersd camp.

Table 4.16

Technical issues

I. Camp [I. Camp
Category Sub-category
# % # %
Battery shortage 5 16.7 - -
Battery charger 3 10.0 1 4.5
Technical Not enough pieces 3 10.0 11 50.0
Issues Memory deficiencies 3 10.0 - -
Unexpected behaviors 1 3.3 - -
Computer problems 1 3.3 2 9.1

Because of the camps were all day long, the masintan technical problem was
battery shortage. Although, the children warnedttarge their robots at noon or at
night when they leaving the camp, sometimes thetea$ could not stand all day or
sometimes the children forgot to charge them. Bivihe children complained about

battery shortage as a technical problem they faced.

Kid.[.23: We did not have any missing materials lug had a
charge problem. It was because of us. Since, wgofdo charge it
while having lunch.

Kid.l.23: Parcamiz eksik kalmadi ama robotungagi falan bitiyordu. O bizden
kaynaklaniyordu. Cunki yemek yerken falamja takmay! unutuyorduk. O
yluzden.

Moreover, three of the children from the first caftipey were at the same group)
stated they had problems with battery charger. Bszgéhey had broken their battery

charger; they have some troubles when they wactaoge their robot. Only one boy
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stated the charger as a technical problem at thendecamp, and they solved their

problem borrowing from the other groups.

Kid.[.07: No, it did not.

R: We did not have any problem.

Kid.l.07: Except the charger, there is not. Therges was broken.
R: Was the charger broken?

Kid.l.0O7: We could not charge it. Except this, #hewas no
problem.

Kid.l.07: Hayir olmadi da.

R: Olmadi herhangi bir probleminiz olmad.
Kid.l.07: Sarj aleti disinda olmadiSarj aleti kirildi.
R: Sarj aleti kirild1?

Kid.l.07: Sarj edemedik. Onun gnda birsey olmadi.

Lego Mindstorms NXT Education set consist of 43Jalmpieces. These small lego
pieces allow building what the children imaginetsas arm to grab an object. While
working on the robots sometimes, these pieces aoatlcenough to build what they
want to build. Therefore, when the children startedheir projects, resource sets
were distributed to them. Three of the childrenorggd that from the first camp,
basic robot set is not enough and they had deftigieh the pieces. Distribution of

the resource sets was the solution to this problem.

R: Have you ever had any technical problem?

Kid.l.25: The materials were not enough, especiallyile doing
the arm. For instance, we needed a two-part “I” ped Lego but
we could not find. We asked from another grouptbey also did
not have.

R: We brought extra package. After that, did yoil $tave
problem?

Kid.l.25: After that, it started to be done. Because had used all
the materials for the robot. However, we did nowvédor arm.
After the extra materials, we did not have probl&e have done
our job easily with the more materials.

R: Herhangi teknik bir problem ile katastiniz mi?

Kid.l.25: Parcalarimiz yetersiz di. Kol yapmaya igagimiz zaman. Cok
yetersizdi. Mesela ikili Igekilinde bir lego ariyoruz onu bulamiyoruz.sRa bir
gruptan istiyoruz orada da yok.

R: Ekstra paket getirdik. Ondan sonra da mi olmadi.

Kid.l.25: Ondan sonra olmaya adi. ClUnkd robotta bitin malzemleri
kullanmgtik. Kol icin yapacgimiz malzemler yoktu ama ek malzeme gelince pek
zorlanma yaamadik. Daha ¢cok malzeme ile rahat biyaptik.
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Until the children started to build their projectise children worked with the NXT
Education Set. When they started to their projeth® resource packs were
distributed to the groups. With both sets, the gsobbave more than a thousand lego
pieces. However, it seems that they were still anbugh to satisfy children
imagination. Like Kid.Il.03, eleven children frorhé first camp stated that they had

not enough pieces.

R: So, what can happen? You can have missing afteorobot.
You can have missing part of the tool.

Kid.ll.03: In fact, we had thought this robot Projdike that; you
know the mine workers, it is very hard for them ameuld invent
a robot that works in underground but we had nd todlig.

R: There were no tool to dig and you say this wasething
missing.

Kid.l.03: Yes.

R: Yani ne olabilir? Robotun parcasi eksik olabilfapacak aletinizin parcasi
eksik olabilir.

Kid.ll.03: Biz aslinda bu robot projesingéyle diginmitim. Hani maden
iscileri var ya. Onlara cok yazik oluyor. Oyle biraictasarlayacaktim da. Bu
yeraltinda c¢alsacakti bu robot. Ama kazacak bir alet yoktu.

R: Kazacak bir alet yoktu. Bu bir eksiklik diyorsdimi.

Kid.I.03: Evet.

Although, resource packs did not satisfied Kid3].enost of the children expressed

that with the distribution of the resource packirtipeoblem was solved.

Kid.ll.11: Yes | had. It was at this Wednesday.Weee looking for
parts for our robot. Because we did not have, watag from XXX
abi. He brought it to us. He brought a new box.

Kid.ll.11: Evet. Oldu. Bu Caamba gini olmgu. Biz robotumuz icin parca
artyorduk. Pargamiz olmagh icin sey abiden istedik. XXX abiden istedik. O da
getirdi bize. Yeni kutu getirdi.

At the second camp, children also stated that wihey need a specific piece they

had borrowed from other groups.

R: Ok, did you have any technical problem? For eamnon-
working robot sensor etc... Missing parts etc...

Kid.ll.02: When we had missing parts, we wantedmfrother
groups.

R: So, did you have any problem like they did rexttvto give it.
Kid.ll.02: No.
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R: Peki teknik olarak herhangi bir problem ile kdastiniz mi? Robot sensoru
calismiyor olabilir. Parca eksik olabilir...

Kid.l.02: Parca eksik oldgunda baka gruplardan istedik.

R: Peki herhangi bir sorun oldu mu? Hayir, vermiynigibi?

Kid.l.02: Yok hayir.

Lego Mindstorms NXT brick has 246 KB flash memowyhen a program was
written on the computer and then downloaded tokbtizat program was occupied
on the memory. Not only the programs, the soundspéctures used in the program
were also transferred to memory. Therefore, ldterdhildren should delete the old
programs in memory, to open space for the new progr Three of the children at
the first camp complained about the memory defaesn while working on the

robots.

R: Have you had a technical problem?

Kid.l.17: what technical?

R: Start of the computer, missing materials, clietéctricity etc...
Kid.l.17: This kind of technical problem: we uséé usb cable for
two of them. We tried to send but it always gavererit, for
example, is a technical problem. It made us busytdn-fifteen
minutes.

R: Teknik bir problem yadiniz mi?

Kid.l.17: Teknik derken.

R: Bilgisayarin acilmamasi. Parcalarin yetersizrgeki. Elektiriklerin kesilmesi.
Kid.l.17: S6yle bir teknik sorun. Usb kablosu mesela her nlidg takiyorduk.
Gondermeye callyorduk. Ama hep “error” veriyordu. O mesela teknihr
sorun. On on hedakika onunla grastik.

One of the children from the first camp complairedgbut the robot’'s unexpected

behaviors. He called the situation as “the robssés its’ mind”.

R: So, did you have any problem? The program mawond. The
materials are not enough. The computer may not work
Kid.l.11: The robot was getting mad time to time.

R: It is possible.

Kid.l.11: It is not. There is a problem. We hadlsacproblem just
a minute ago. XXX (one of the teacher) was alsdirdgaThe
teacher said to turn but it was not turning properl

R: Peki teknik olarak bir sorun yadiniz mi? Program c¢aimayabilir. Parca
yetersiz olabilir. Bilgisayar cagmayabilir.

Kid.l.11: Arada bir robot kafayi yiyordu.

R: Olabilir.

Kid.l.11: Yemezde. Oyle bir problem var. Daha dederiyle bir sorun yandi.
XXX (eitmenlerden biri) de bakiyordu. Daha don gel diydgidyle soyle
dondyor.
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One of the children from the first camp stated tih@re was a problem with their
computer, their computer was not responding wihiéy twere writing a problem and

opens “error reporting” screen.

R: So, did you have any technical problem? Yourpder is not
worked, the program is not worked.

Kid.l.28: Yes, our computers were not respond sonest All the
programs did not respond. All the programs werestial. We had
such problems.

R: So, Did not you save the program?

Kid.l.28: No, it was working without saving. Whieing, it was
not respond when we touch something. It gave eaport.

R: Peki her hangi bir teknik program gadiniz mi? Bilgisayariniz camaz,
program calfmaz.

Kid.l.28: Evet.bazen bilgisayarimiz kilitlendi. Batprogramlar kilitlendi. Bitin
programlar silindi Onun gibi ve benzeri bazi soramyasadik.

R: Peki programi kaydetmediniz mi?

Kid.l.28: Hayir kaydetmeden oluyordu. Tam yaparkénseye dokundgumuz
zaman Kkilitleniyordu. Hata raporu veriyordu.

Two children from the second camp also complaineoutthe problem on their

computer. This problem was solved by using theadribe instructors’ laptop.

Kid.Il.22: We had some problems with the robot likdid not see
all the lines on the ground and sometimes it did see the
flowerpot and pour it before see it. Moreover, la beginning we
decide to put on bulbs but we had some problemsstHi® reason
we had used your computer.

Kid.l.22: Yasimdi ¢unkl bizim bilgisayardasik sensoriine bi cizgiyi algiliyo
algilamiyo sonra saksiyi gériyo gérmeden dokuyanfgibi problemler oldu. Bi
de once lamba falan takicaktik onlarda da problend&u. O yizden sizin
bilgisayariniz kullandik.

4.3.5.1Conclusion about technical issues

Battery shortage, battery charger, not enough pjanemory shortage and computer
problems are main technical problems can be fated @botics camps. While
design phase of a robotic camp, the designer sloauisider these problems and take
precautions for them. Moreover, during the campvipresly unseen technical
problems can occur, therefore there should be persat least one of the instructors
could handle technical problems on time. If a téciinproblem could not be solved
on time, that group who faced with technical prableould be complete the activity

or could be behind of the other groups.
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4.3.5.2Design principles for technical issues

At least one person should have enough technigabetencies to solve technical
problems at any of the problems occurrence. Soneetitnis impossible to solve
technical problems on time; therefore it is advisedhave an extra robot set and a
computer. Also, it is advised that there shoulcekiea battery packs. Therefore the
children could not waste time waiting for chargimdoreover, a basic Mindstorms
NXT set does not have enough pieces for a robamp; especially when the
children design their robots at projects sectiopp®rting each group with a resource
pack is advised. If still a group needs extra el their projects, the children
should be encouraged sharing pieces.

4.3.6Challenges

During the interviews, the children were asked abuaost challenging part of the
camps or when have they been forced. Combining Ipggimes to create a functional
part and programming sections of the camps seeenmdist challenging parts for the
children. Table 4.17 presents frequency of chakeragcording to camps.

Table 4.17
Challenges
I. Camp [I. Camp
Category Sub-category
# % # %
Combining pieces 14 46.7 2 9.1
Programming 10 33.3 9 40.9
Challenges
Sensors 3 10.0 - -
Gear station - - 1 4.5

The children have been forced mostly when they ¢oimd the pieces of the robots.
It was observed that, it was easy to combine tbegs with the help of the manual,
however when they create a new design especialile wiey work on their projects

that was difficult to make a functional parts lié@n grabber. Fourteen of the children
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from the first camp and second children from theosed camp stated that they had

difficulties mostly when they combining the pieces.

R: Ok, did have hard times?

Kid.l.12: | had hard times and also now | have.

R. Could you tell this more?

Kid.l.12: For example, we try to put the parts tzomtally in order
to take the cola can. It is very hard to put th&or two and a half
day. It is hard for me till | started to do it. ik hard for me to put
something horizontally. There is not a part and yawe to create
the fixing point. It is hard for me. Except for ghil have no
problem.

R: Peki zorlandfin zamanlar oldu mu?

Kid.l.12: Zorlandgim zaman oldyu anda dyle zorlaniyorumsagida

R: Ne mesela anlatir misin bunu biraz daha.

Kid.l.12: Mesela @agida parcalari yatay takmaya calyoruz ya hani koka kola
kutusunu almak icin. Onu takmakta acayip zorlaruygor/Zki buguk giin. Yani
onu bgladigimdan beri yapmakta zorlaniyorum. Aslindstha beri yapmakta
zorlaniyorum. Hani yatay bigeyler takmakta zorlaniyorum. Hani parca yok
kendin olyturacaksin takma yerlerini. O konuda zorlaniyoru@mun dsinda
pek bir sorun yer yok.

R: So, did you have any difficulty?

Kid.l.02: Yes.

R: For example what? Could you give example?

Kid.ll.02: For example, during the robot that weJeacreated.
Robot was moving but the arm was sticking and we hdled it
many times. Now we have completed it.

R: Peki zorlandfin zamanlar oldu mu?

Kid.l.02: Evet.

R: Mesela. Ornek verir misin? Neyde zorlandin?

Kid.l1.02: Ornezin kendi yapgimiz robotta... robot gidiyordu.. donerken kol
takiliyordu. Onu geri ¢cektik. Cok oldu. Sontandi tam yaptik.

Although one of the important outcomes of the cdorpthe children was learning
programming of the robots with NXT-G software, soofethe children had hard
times with the programming of the robots. Ten @& ¢hildren at the first camp stated
that programming was challenging for them.

R: Ok, did you have anything hard for you to doidigithe camp?
Kid.l.11: | have sometimes. About programming. | aery
confused.

R: Peki zorlandfin zamanlar oldu mu kampta.
Kid.l.11: Bazen oluyor. Programlamaktsjice kafam kagtyor.
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The children were instructed how to program thebats at first three days of the
second camp. The instructor had chance to explaire mdvance concept at the

second camp. The researcher has observed andthated

At the programming part | did not tell so easy gsnl even told
about “Wire”. In my opinion, kids take how muchigt given to
them, if they are curios.

Programlama da hi¢ de basieyler yaptirmadim. “Wire” bile anlattim. Bence
cocuklar ne kadar verilirse o kadarini aliyorlaeter ki istekli olsunlar.

However, nine of the children at the second carafedtthat they had difficulties at
programming of the robots especially while buildthgir projects. Moreover, it was
observed that some of the children could not agphbat they had learned about

programming when they working on the projects.

R: So, did you have hard times?

Kid.I.03: While programming.

R: According to you, why was it hard for you? Whbatlld be the
reason; do you think you could not get the logikibé it?
Kid.I.03: In fact, | got the programs but | forgeasily.

R: Peki zorlandfin zamanlar oldu mu?

Kid.ll.03: Programlarken.

R: Peki neden zorlangini diginidyorsun? Ne olabilir mesela manti
kavrayamadjini mi digtiniyorsun?

Kid.ll.03: Ya da bensdyle yani. Programlari anladim aslnda da. Cabuk
unuttum. O ylizden.

Similarly programming was reflected in the evalaatiorms:

Kid.l.03: We learnt how to design a robot to gatlgarbage that is
collecting garbage and putting somewhere else. d&gded his
robot (even it was hard) and then we started t@pam it.

Kid.l.03: Bir robotun c¢6p toplamasi icin yani coplealip belirli bir yere
koymasi i¢in robotu tasarlamaygiendik. Bu robotu tasarladik (zor da olsa)
sonra programlamaya l&dik. Bu benim icin daha zor oldu.

Moreover, three of the children stated that theg Blbbgged when working with

SEensors.

R: Did you have hard times?
Kid.l.15: Yes, | did. Sometimes ultrasonic senddrrbt see and
we were very busy with and then it started to see.
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R: Zorlandgin zamanlar oldu mu?
Kid.l.15: Evet oldu. Bazen ultrasonic sensdr gérim¥e onunla ¢ok grastiktan
sonra sonunda gérmeye ghad|.

Kid.II.05 stated that he had difficulties to undearsl the gear station because he had

not learned the subjects at school yet.

R: So, did you have difficult times during the c&mp

Kid.ll.05: Yes. For example during the first daff®y had given us
something. It was about cogwheel. Instructor XXX peepared it.

It was very hard at this day because we had nanhteeogwheels
yet. It is taught at 7th grade. | was just at 7tadge and it was very
hard for me.

R: Peki zorlandfin zamanlar oldu mu kampta?

Kid.l.05: Evet. Mesela ilk giin bigeyler vermglerdi. Disli carklar ile ilgili idi.

XXX abi hazirlangti. Ya o gin c¢ok zorlagti. Cinkl biz grenmemgtik

carklar. Yedinci sinifta greniyorlar. Bende yediye gegtim. O beni ¢ok
zorlamyti.

Students’ data revealed “combining Lego pieces’ciwhiefers to mechanical part of
the robots and “programming” are two important Ehading issues in a robotics

camp.
4.3.6.1Instructors’ opinions about challenges

Although programming seems common difficulties otlbcamps for children, the

instructors stated that the children were very gatognd enjoyed programming.

R: We have mentioned about the stations, what alibat
programming part?

Instructor 1: In my opinion, it was very good.

R: However, were they tired?

Instructor 4: Sometimes they were tired but th&gdivery much
and it was funny for them.

Instructor 2: All of them did.

Instructor 1: Kid.ll.05 and others were very goduita

R: Istasyonlari kongtuk programlama kismi?

Egitmen 1: Bence cok gizeldi.

R: Cok mu yoruldular diyegém ama

Egitmen 4: Yorulduklar da oldu ama ¢ok sevdiler gekk aldilar.
Egitmen 2: Hepsi yapti yani

Egitmen 1: Kid.II.05 falan ¢ok iyiydi.
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4.3.6.2Conclusion about challenges

The most challenging parts of the camps were progrniag and combining pieces.
Therefore the instructors should be more supporéind be watchful when the
children working on programming or combining Ledgeqges. Moreover, nearly all of
the children had not programming experience; tloeeefransition to programming
should be smoothed with some activities like rdéyimng.

4.3.6.3Design principles for challenges

Challenges should be part of a robotics camp, Isecéhe challenges will increase
motivation and engagement on the activities (Nokinbh et al., 2004). However, the
challenges should not be too hard for the childeemnesult in frustration. Because
nearly all of the children will not have programmiexperience, programming will
be challenging it selves. Moreover, getting usethtpieces and connecting these
pieces to create functional parts requires time aondhe mechanical talents.
Especially first days of the camp, combining pie@so could be frustrating,
therefore the instructors should support requiradunt of scaffolding, not too much

or less.
4.3.7Camp duration

Both of the camps generally started around 08:4bfimmnshed around 16:00. During
an ordinary camp day, one long lunch break, twalsihaeaks and three or four short
breaks were given. A study session was 45-60 nsnldeg. Length of a study

sessions mostly arranged to preparation of lunchsaacks.

During the first camp, the children did not complabout camp schedule, even at
the camp evaluation forms. However, during the sdatamp it was observed that
some of the children did not go out at breaks amticued to work on robots, but
many of the children unwillingly came back to theiork after a break. Moreover,
they asked for more and long breaks during the camapthey reflected their request

at the camp evaluation forms.

Kid.ll.19: Breaks are VERY SHORT and FEW (writtsncapital
letters)
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Kid.l.19: Teneffusler AZ ve COK KISA! (blyik harfé yazilmg)

Therefore, the researcher added camp durationecelaiestions to the interview
schedule. As a result, camp duration category cenldrge only at the second camp
interviews and camp evaluation forms. Table 4.]8eagents the frequencies of camp
duration related sub-categories from the interviemwd camp evaluation forms for
the second camp. Camp duration related complamgtscategorized at three sub-

categories.

Table 4.18

Camp duration

Il. Camp
Category Sub-category
# %
Too long 5 22.7
Camp duration Breaks are too short 5 22.7
Number of breaks 5 22.7

Five of the children stated that the camp duratiom 8:40 to 15:00 were too long.

According to them camp duration should be shorten.

R: For example, at which part you are bored?

Kid.I.13: Not at the morning but at afternoon | dred.

R: Is the camp duration very long for you?

Kid.Il.13: Yes.

R: So, what should be the duration?

Kid.Il.13: Camp duration is | think seven hours amdould be
less. | think that i wish it was five or six hours.

R: Mesela nelerde sikiliyorsun?

Kid.ll.13: 7k geldigimde ilk ded§im yani sabah geldgimde dgil de boyle
Ogleden sonra sikiliyorum.

R: Sey sire uzun mu geliyor yoksa kamp siiresi?

Kid.I.13: Evet.

R: Peki nasil olsun kamp siiresi?

Kid.ll.13:Kamp siresi boyle hani yedi saat herhaldiyle. Yedi sekiz saat altida
olabilir. Bey alt saat olsa diyorum okul kadar.
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Although, according to first camp the duration b€ tbreaks were longer at the
second camp; the children complained about thetrsbgs of the breaks. According

to five of the children, the breaks were too shorts

R: Do you want to add or share something abouttmap?
Kid.II.05: | want you to extend the breaks.

R: Peki senin eklemek istgiti kampla ilgili paylamak istedin bir sey var mi?
Kid.ll.05: Tenefflsleri uzatin diyorum.

Moreover five of them also complained number ofttheak times.

R: While talking about breaks, do you mean the tomaor the
number of breaks.

Kid.ll.15: Number of it.

R: Number.

Kid.ll.15: We have three breaks.

R: Yes, we have three big breaks, do you prefeerhogaks with
lower durations?

Kid.ll.15: It would be better for me.

R: Sey ara ¢ok az derken aranin suresi mi ¢ok az, yakaain sayisi mi gok az
yani?

Kid.ll.15: Sayisil.

R: Sayisi.

Kid.ll.15: Ug ara yapiyoruz zaten.

R: Evet Uc¢ tane buyilk ara yaplyoruz onun yerina kisa daha fazla mi ara
yapalim?

Kid.Il.15: Oyle yapalim dyle daha iyi olurdu bence.

4.3.7.1Instructor’s opinions about camp duration

The second camp was more exhaustive than the dastp because of the hot
weather. The second camp was conducted at hot sutmes in Ankara and there

was not any air-conditioner at camp area. The reBeanoted that:

Hot weather is another problem because we covewihdow with
curtain and make the presentation. Atmospherekesburning. We
open it immediately when we do not make presentdiid it is
useless. It is very hot.

Sicaklar da ayr bir sorun, pencereyi perde ile &ap, projeksiyon ile sunum
yapiyoruz. Ortam yaniyor. Projeksiyon kullanngadhiz anlarda hemen aclyoruz
ama nafile. Cok sicak.
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Therefore, the instructors kept breaks longer ttien first camp. The researcher
noted his thoughts as:

As the instructors we even want to make long bréskause we
are tired and bored. It is very tiring doing likledt from morning to
the evening. Hot weather is also another thing.

Egitmenler olarak bizler bile aralari uzun tutmak iy&iruz, sikiliyoruz,
yoruluyoruz. Buekilde, sabahtan akma kadar ¢ok yorucu. Sicaklar da cabasi.

During the camp, some of the instructors menticdhat why the camp was day long,

the camp should be half day long.

Some of the kids were telling about the long camptibn. As the
instructors, we are very tired. As my personal amn camp
should be in half of the day (Instructor 4).

Cocuklardan bazilari da kamp siresinin uzun glchu soyluyor. Eitmenler
olarak bizler de ¢ok yoruluyoruz. Benim gehsi fikrim yarim giin olmal kamp
(Egitmen 4).

Moreover, during the focus group interview the iastors summarized the all issued

about camp duration and conditions.

Instructor 1: First of all, it should be till theaon.

R: We had never talked about it.

Instructor 1: | think because all of us are thingithe same thing.
It should be till noon, full day is waste of thed.

Instructor 4: | talked to some of the kids abouetier the half day
would be better and they said that full day is drett

Instructor 3: They think like that because theyyohad full day
work.

Instructor 1: In my opinion, they are not awareipfthey do not
come back before one hour when they exit

Instructor 4: These camps should not be in the seimm
Instructor 1: There were some students who wroté eanted air
conditioner on the rooms. They do not want to gonawch.
Instructor 2: Yes, there should be air conditioner.

Egitmen 1: Bir kere fixiz glene kadar olmal.

R: Onu hi¢ kongmadik sizlerle.

Egitmen 1: Hepimizin fikri ayni diye kopmadik herhalde. glene kadar olmali
tim glin zaman kaybi.

Egitmen 4: Bir kac¢ ¢ocukla kogtum &lene kadar olsa daha mi iyi olur diye
yok hocam bitin giin olsuste.
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Egitmen 3: Ama butin gind gérdikleri icin bitin gisua istiyorlar.
Egitmen 1: Onlar farkinda dgller bence zaten ¢ikinca bir saat gelmiyorlar.

Egitmen 4: Yazin olmasin bdyle kamplar

Egitmen 1:Sey yazanlar vardi klima olsun odalarda evet eveh#listeyenler
vardi. Disari ¢cikma istekleri de azalyor.

Egitmen 2: Klima evet olsun ya.

4.3.7.2Conclusion about camp duration

The first camp was conducted at winter and there mest any complaint about camp
duration or break times, however, the children #redinstructors were agreed that
the second camp was more exhaustive because bbtheeather. The hot weather
condition was affected the children and the instuattitudes toward the camp.
Therefore, while designing a robotics camps, thegier should consider weather
conditions. Moreover, for an effective robotics gaphysical conditions of the camp
area should be suitable for effective instruction.

4.3.7.3Design principles for camp duration

A normal day for a robotics camp could be arrangea forty-five or fifty minutes
study section and ten minutes break. After thredyssections, a long lunch break

could be given. Similarly, three study sectionslddae done at afternoon.

While designing a camp curriculum, physical commh$ that affect the quality of the
instruction like the weather condition also shoh&l considered. If the camp were
conducted at hot summer times, the air-conditidoecamp area is advised. If air-
conditioner is not available, the camp durationuttidoe shorter and break times
could be longer to prevent the children get bored.

4.3.8Summary and design principles

The results of the study are presented in this telnapirstly, both robotics camps’

diaries are presented to better understanding. €herged categories from analysis
of the interviews, observations, camp evaluatiam®and field notes are presented.
After the presentation of each category, designciples for a robotics camp are
expressed. Robotics camp design principles weratante by the researcher
considering the results of the study and the rebedas experiences. These design

principles are consolidated at Table 4.19.
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Table 4.19

Design principles for an educational robotics trisig camp

Category

Design principles

Robotics

Robotics concepts instructions could be design ufwde heading,

general robotics knowledge, programming, sensatswachanics.

“General robotics knowledge” which is covering gexhaedea of
what robots are could be presented at the beginofiige camp
with interesting activities like videos, drawingcpires, role

playing games and guiding questions.

Programming, sensors and mechanic concepts shauldivien

concurrently.

The content of the instruction at a robotics camgisuld be
organized from simple to complex and subsequentecdrshould
be integrated with former one.

Three days and six hours a day programming instrudgs quite
enough to introduce NXT Mindstorms sets and teacfil&
programming environments with advanced panel arckbssary

practices.

Mathematics
& science

Mathematics and science concepts should not be gwth direct
instruction at a robotics camps. Problem Basedriegrapproach
could be used.

Mathematics and science activities should be pesgpator
affecting the children’s attitudes toward mathewgsmfnd science

in a positive way.
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Table 4.19 (continued)

Mathematics
& science

Some complex problems like real life should be pred and the
children should use their mathematics and sciemosvledge to

solve that complex problem by using robots.

Robotics training camps should give chance to m®ado the

children what they have learned at schools.

At least one science instructor should attendrabatic camp.

Social skills

Peer learning or more social outcome can be engedraith less

involved instructors but in less managed environimen

In group and between groups social interaction khdoe
encouraged in a robotic training camp. Implementagperative
learning and small group work strategies could anban group

interaction

Between groups interaction could be enhanced bamgpwego
pieces, sharing information or arranging competiti@tween the

groups.

Camp’s

components

Projects parts should be emphasized, if it is ptssvhole camps
curriculum should made of small projects includi®TEM

concepts.

STEM related concepts could be studied at learstagons and

activity sheets could be used at these stations.

Career

A guest who has robotic career could be invitediszuss career
options with children, female guest advised becatsealso could

be a role model for the girls.
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Table 4.19 (continued)

Group size

The group size should be arranged that every chilthe group
should have duties at any time. If any group mendibes not have

a work to do, they find unrelated something to gega

Engagement of all group members with activitieslddoe ensured

by adjusting group size or complexity of activities

For the activities similar to activities used irese camps, three

member groups are advised, four members groupaatseptable.

Group mates’

gender

Groups should be constructed with mixed gender.

Group

problems

Task sharing and division of labor should be enaged to
eliminate “not interested” and “wants to make morgroup
problems.

The children who attended to camp should be asdinge level.

Competition

Tournaments and races should be arranged to imcreagvation

and to make the camp more entertaining.

Competition should not be over emphasized and esauee
misunderstandings. It should be clearly defined tbarnaments
and races are just for fun and motivation and thien should

not predicate another meaning to the results otdmepetitions.

Coaching

Instructors’ main duty at a robotics camps to bedgooaches not

to be classical teachers.

Instructors should motivate learners, analyze thenformances,
provide feedback and advice on the performancehando learn
about how to perform, and provoke reflection on artitulation

of what was learned (Jonassen, 1999).
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Table 4.19 (continued)

Technical

issues

Battery shortage, battery charger, not enough pjeogemory
shortage and computer problems are main techniochlggms can

be faced at a robotics camps.

There should be at least one person has enoughmidath
competencies to solve technical problems at anyhefproblems

occurrence.
There should be extra robot set, computer andrggiteks.

A basic Mindstorms NXT set does not have enougltgsie
supporting each group with a resource pack is advis

Challenges

Challenges should be part of a robotics camp, Ilsecahe
challenges will increase motivation and engagenfotirbakhsh
et al., 2004).

The challenges should not be too hard for the mmldo result in

frustration.

Because the children will not have programming eepee,

programming will be challenging it selves. Moreqveosnnecting
Lego pieces to create functional parts requires temd some
mechanical talents. Therefore, especially at th&t flays of the
camps, the instructors should support required atnoof

scaffolding, not too much or less.

Camp

duration

A normal day for a robotics camp could be arranaged forty-five
or fifty minutes study section and ten minutes kred@hree
morning and three afternoon sessions with lunclakbeould be

done.

While designing a camp curriculum, conditions thaffect
instruction should be considered and precautionsildhbe taken
like weather condition.
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CHAPTER 5

DISCUSSIONAND CONCLUSION

This chapter presents the discussion on the fisdmigthe research study. More
specifically, it covers the discussion on the deggnciples for educational robotics

training camps. First, each theme and categorywivias presented in the findings
of the study chapter is discussed deeply in theesanaber. Then, after the discussion
of each theme and category, the researcher malggestions for a successful

educational robotics training camp. Next, a rol®tmamp design guideline is

presented. Lastly, implications of the findings armtommendations for future

research are presented. For better visualizatioheothemes, categories, and their
relations; concept map of themes and categoriggeisented again at Figure 5.1.
Simply, the driving research question; the key glerinciples for an educational

robotics training camp is centered on the diagramh @ach main and sub design
issue is placed around the research question aid riflation with the research

question is shown with lines. Discussions in thismter have been organized
according to the diagram.
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5.1 Discussions on Instruction

The first and the most important sub question ef $kudy is how the instruction
should be structured in a robotics training campamswer this sub question, firstly
learning outcomes of the camps were investigatedo&lly, each part of the both

camps was evaluated and lastly, career effectseoddmps were discussed.
5.1.1Learning outcomes

Results of the study have shown that learning enésoemerged at three categories

which are “robotics”, “mathematics and science” &atial skills”.
5.1.1.1Robotics

For a robotic training camp, it is obvious thastly children should know how to
build and program the robots then they could usgertibots in the activities. As a
result of the study, robotics knowledge can be gmieed as “general robotics
knowledge”, “robot mechanics”, “programming” andefsors”. As Nourbakhsh et
al., (2004) emphasized that a robotic course shaeitihinly include common aspects
of all robots mechanics and programming. The ansiveow the instruction should
be structured could not be given without clearlyirdeg how robotics instruction
should be structured. Therefore, robotics instanctiscussed under four headings as
presented in the findings of the study chapter.

5.1.1.1.1General robotics knowledge

The first learning outcome category under “robdtitiseme is general robotics
knowledge and it refers to general information ahobots such as what robot is,
why we use robots etc. The results of the studyelshown that the children have
gained knowledge about robotics from camps. Howewile designing robotics
camps, the question is when and how robotics krayeeshould be given to the

children.

Because of the paradigm shift from teacher-centersiuction to learner-centered
instruction, Reigeluth (1999) offered elaboratidwedry which argues that content

should be organized from simple to complex orddab&ration theory provides
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holistic approach to foster learning process momammgful and motivational.
According to the theory, broader, more inclusivea@pts should be taught before
the narrower and more detailed concepts. The theforgbotics studies can be based
on Papert’s constructionism (1993), which also emspes children’s active roles
while building their own intellectual structuresa kddition, Reigeluth's (1999)
elaboration theory emerged from needs for way®tmence instruction for learner-
centered paradigm. Therefore, elaboration theory fitawell to robotics camp
design. When all concepts in a robotics camp auitrio considered, the basic, the
broadest and the most inclusive concept is thenidiein of a robot that is general
robotics knowledge. When elaboration theory considieinstruction of a robotics

camps should start with general robotics knowledge.

Because of the limited studies related to robatax®ip curriculum, it is hard to find
any evidence about starting robotics camp with ggnmbotics knowledge. In
addition, the studies presenting their camp culuiouis also limited. However,
Murphy and Rosenblatt's (2000) presented their dcamp” curriculum at their
article. After an introduction part, their roboticemp starts with instructor-led
discussions about what can robots do and contivitesmini lecture about parts of a
robot. Although, they did not provide direct sugg®es on starting robotics camp
with general robotics knowledge; their approachntruction at robotics camp is

alluding instruction should start with basic rolsti

General robotics knowledge should not be given ibgctlinstruction. The content
should be given by interesting activities which wdoallow children to create their

meaning about robots as constructionism stated.
5.1.1.1.2Robot mechanics

Nourbakhsh et al. (2004) defined mechanics as rfieliionship between various
kinematics substructures of the robot and the kate® of the overall robot” (p.1).
They conducted their study with “Trikebot” which egiite different than LEGO
Mindstorms NXT and their mechanics category inctudmsic mechanisms like
servos, motors, chassis, suspension, bearingslacitoaics like motor controllers,

microprocessors, the vision system etc. Howevet;QBMindstorms NXT sets were
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used in this study and the children did not de#hany electronic components of the
robots. Therefore, robot mechanics refer to comiginLego pieces to build

functional robots for this study.

In both camps, Lego Mindstorms NXT sets were disted to the children and they
were given chance to investigate the pieces, they tliscussed for five or ten
minutes about the main parts of the robots. Thil@n have learned how to build
robots while they were building their first robatscording to the instructions on the
manual at the first camp and simpler base robopéhgix K) at the second camp.
That is, they have learned robot mechanic by ngidi robot like Papert’'s simple
definition of the constructionism as “learning byaking” (Papert & Harel, 1991).

While they were building their robots, the instirst just explained the symbols on
the manual because the manual was in English adhélped the children when

they had problems.

Results of the study have proved that, robot maclemerged as one of the learning
outcome of robotics camps. Nourbakhsh et al. (2@085) and Druin & Hendler,
(2000) have found similar result and Nourbakhstalet(2004, 2005) called that

theme “mechanics” and Druin and Hendler (2000)ckfmechanical design”.

As presented in the findings chapter, the frequearfcyrobot mechanics” was not
high as much as programming and sensors categdies.children did not take
instruction about robot mechanics like programmnang sensors, moreover; they just
followed instruction either from the manual or Appex K. Not taking any formal
instruction should be the reason of why frequerfcyaibot mechanics” is lesser than
programming and sensors. The children could noiktthat robot mechanics is one
of the subjects they have learnt at the camps,usecthey could already combine

Lego pieces.

The results of the study have also shown that “¢om@ pieces”, it can be also
called “robot mechanics”, was the most challengaagivity of the first camp.
However, combining pieces nearly disappeared ahalenging activity at the
second camp. That can be explained by preparinghples robot design handout

(Appendix K) and using that design as the firstotdtuilding activity before than the
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design at the manual. Therefore, the childrenedaid the mechanic concepts with
much simpler concepts like elaboration theory sitalie addition to the simple robot
design, the children also built a robot accordinghe manual at the second camp.
Therefore, the children at the second camp hadcehembuild one more robot than
the children who attended to the first camps. tt ba concluded that, preparing a
simpler robot design is better approach for robetianic concepts and it is advised

for more effective robotics camp curriculum.
5.1.1.1.3Programming

The most important outcome is that children camt $tamake program and learn
how to program their robots. Although programmiogld be very challenging for at
that age of children in classical programming emvinents such as Basic or Pascal,
NXT-G programming environment make programming usidmdable for the
children because of drag and drop blocks architectihat feature of NXT-G
environment enhance the understanding of progragoigic rather than spending
hours and days to learn and debugging the varioudases for first-time

programmers (Ranganathan et al., 2008).

Robots have unique characteristics for teachingnmarmaming because when children
make a program, the results or outcomes of theranogs not on a computer screen,
but, outcomes occur at the children’s real worlat, in virtual computer world. “The
programmable brick breaks new ground for prograngn@nvironments for kids: it
connects programming to the real world...” (Sarg&885, p.11). That could be the
reason for why programing was totally most citeattiféng outcomes of both camps.

Although, elementary school children are not reggiito know programming at that
age, programming is related to problem solving enitital thinking abilities. There

are many research with different age of childreespnting that programming with
robots positively affected critical thinking andoptem solving skills (Chambers,
Carbonaro, & Rex, 2007; Cocek, 2008; Druin & Hendl2000; Murphy &

Rosenblatt, 2000; Ranganathan et al., 2008; S20®9; Sullivan, 2008). Moreover,
Papert (1993) goes far more beyond than criticalking and problem solving.

According to him, learning programming is learnmighow to communicate with a
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computer and that could change the way they leamrything else such as

mathematics.

Because programming part of robotics camps are weportant, programming

instruction should be designed carefully. Althouigls impossible to point best way
for programming instruction with two robotics canggerience, comparisons of the
two camps results can reveal the better instruati@pproach for programming.
Results of the study have shown that the secong eges better than the first one in
terms of teaching programming. The main differebeéveen the two camps was
programming instruction was given together witreace and mathematics activities
at the first camp however, the first three dayshaf camp was reserved for only
programming at the second camp. Although the cdmtesf programming

instructions were similar, just focusing programatghe first three day could be the
reason for better understanding of programming.réfoee, it is better to separate
science and mathematics activities from programmingtruction. Moreover,

because of robots’ motivational effect (Korchnoy\&rner, 2008; Petre & Price,
2004; Vollstedt, 2005; Zubrowski, 2002), dealinghwonly robots during the first

days of the camp may motivate the participants tdvlae camp. Also, as explained
before, according to elaboration theory, firstlyarl@ng robots mechanics and
programming then using robots at science and mattiesnactivities will be more

productive. Because learning robot programmingngpkr phase than using robots

in mathematics and science activities.

Moreover, the results of the study have also shdkat, the children mostly

struggled with programming and combining piecesuiidakhsh et al., (2004; 2005)
also reported that the children were mostly streggirogramming and mechanics.
Although, simple programming architecture of NXTe@vironments, they could be
struggled with algorithm of the programming becanesarly all of the children have
not written a program before. That implies thatnecalgorithm activities could be
added to robotics camp curriculum before startimpgmmming instruction.

Algorithm activities should be thought as the fissép for programming, therefore
these activities should be as simple and basimasilde. Moreover, like the whole
camp curriculum, the programming section shouldcbestructed from simple to

complex in itself. After simple algorithm exercisdmsic blocks such as “move”,
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“sound” and “display” should be thought. Later,eimhediate block like “wait for”
and the logical blocks like “loop” and “switch” shidl be given. If it is required,
advanced panel of NXT-G environment could be giVastly. In addition, the
instructors should be aware that children strugglestly programming and
combining Lego pieces. Therefore, the instructdrgugd be more watchful when

children working on programming or combining pieces
5.1.1.1.4Sensors

Robots can interact with their environments byrteensors and NXT sets come with
four basic sensors, ultrasonic, light, sound amndho During the camps, the children
worked with these sensors. Nourbakhsh et al., (2@085) placed sensors under
mechanics theme. According to them, sensor is bifeecelectronic components of a
robot. However, sensors emerge as a learning tiethés study and sensor concept

was the second most cited robotics learning outsarhboth camps.

One of the themes from Nourbakhsh et al., (2008528tudies is “robot point of
view” which refers to “the ability to “see” througthe robot's eyes and thus
understand the sensor limitations and action camssr under which the robot must
operate” (p.20). That emphasize children understgsdof how robots can perceive
through their sensors and it is related to critiktwhking skills of the children. In
addition, Murphy and Rosenblatt, (2000) preparedaetivity called “through the
eyes of a robot” and focused sensors of a roboho@igh, there was not emerged any
category as robot point of view in this study, sensategory under learning
outcomes also includes robot point of view. Whese@asor is connected to a robot, it
requires a program to work in intended way. Espigcianaking a program for a
sensor requires children have already internalinesh a robot perceive their

environment (robot point of view) with that sensor.

Using sensor is not just related to connecting @s@ein an appropriate way
(mechanics); it is also related to analyzing, denisnaking and problem solving.
When children asked to design a robot with spegificpose, for example garbage
collector robots were designed in this study. Tideen should analyze the

problems, such as how robot can grab a can andtt\gevent robots passing the
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borders etc. After that, they should decide whiehsers should be used and how
these sensors will trigger an action. After thestfitrial, mostly they face with
problems required to be solved. This continuum yaiiad) the emerged problems,

deciding solutions and solving problems continutl time robot works fine.

During the camps, the children could work only witlur sensors. However, there
are much different external sensors in the mareNIXT sets such as pH, gravity,
accelerometer, force etc. Conducting a robotic caiitip these sensors will make the
camp more colorful and enjoyable. Much more scieactvities can be designed

with these sensors and the children also couldhesse sensors in their projects.

5.1.1.2Mathematics & science or STEM (science, technologgngineering and

mathematics)

During the design phase of the camps, mathematids saience concepts were
emphasized. The sixth grade “Mathematics” and ‘18®eand Technology” courses’
curriculums were investigated and suitable concéptsrobotics activities were
decided. However, engineering field was not consdeo deeply. Although similar
courses given to children at schools as statedhenliterature chapter; the STEM
(Science, Technology, Engineering and Mathematms)cepts and these four
subjects are not thought together in Turkey. Esgiimg courses are not included in
elementary school’s curriculum and these coursedhaught separated. Therefore,
at the design phase, the instructors are just &mtus science and mathematics
activities. However, the robot itself could be tgbtdirectly related with technology

and engineering.

When the STEM (Science and Technology, Mathemaiics Technology & Design
courses in Turkey) curricula are investigated,oitild be seen that vision of these
courses are to give questioning, critical thinkimgnd problem solving skills to
children (TTKB, 2006a, 2006b, 2009). There are maolotic studies in the
literature aimed to measure effects of roboticsviets on these skills (Barak &
Zadok, 2007; Barker & Ansorge, 2007; Beer, Chiel,D&ushel, 1999; Hussain,
Lindh, & Shukur, 2006; Johnson, 2003; Lindh & Halkggon, 2007; Mauch, 2001;
Mosley & Kline, 2006; Nugent, Barker, & Grandgene2010; Robinson, 2005;
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Sullivan, 2008; Wyeth, Venz & Wyeth, 2004). Resuitshe study also revealed that
robotic activities have positive effects on childszdiscovery learning and critical
thinking skills because robotic activities give ldhén to use questioning, critical
thinking and problem solving skills. It is obviotlsgat a robot is a good tool not only
of robotics itself, but also for general sciencechnology, engineering, and
mathematics (STEM) concepts (Mataric et al., 2007).

The study has shown that the camps reinforced remlsl interest toward
mathematics and science, as consequences of gres@nd mathematics activities
or learning stations. However, when the instructoiticized the STEM education at
both camps; they admitted that the robot and STElstion could be better. That is,
robots could be used more effectively for STEM @pts. Moreover, they
emphasized that in a robotic camp, STEM conceptuldhnot be given as
instruction, the children should be in a complesbem solving process and they
should use their prior knowledge to produce sohgidor that problem. Futschek
(1995) suggested similar approach to technologyca&tibn. In the technology
content, children can solve open-ended problenth®iasis of their own needs and
what is meaningful and significant to them. Regesdl of the media, pupils are
encouraged to work and learn in a way that fostezativity and discovery (cited in
Jarvinen, 1998). As given before, for example thikdoen could be asked to design
the fastest robot. While designing, children halwance to use their creativity. Also,
they should consider effects of such as gears, suwftithe motors, and radius of the
tires. The activity could be finished with a dissias on effects of these variables on

robots’ speed, guided by the science teacher.

Activities make the connection between robots amdSTEM concepts. Therefore,
while the activities are being prepared, instructshould consider target group
characteristics and their prior knowledge whileigie®g camp curriculum. It would

be better to add one science and technology teaniterone mathematics teacher
who had experience with target group to the calamteMoreover, these teachers

also could create and manage discussions aboobtieepts after the activities.
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5.1.1.3Social skills

In addition to “robotics” and “STEM” outcomes, rdims also has impact on
children’s social skills. Social learning is onetbé learning outcomes, may be the
most beneficial one of robotics studies and thigextt has been worked since Logo
which is ancestor of today’s Lego Mindstorms NXV¥&l{and, 1995a). Some of the
studies focused on types of interactions insidegitoeips (Denis & Hubert, 2001),
some of them resulted as robotics helps childreveldping teamwork skills
(Johnson, 2003) and the learning is more fun airemwments that allows social
interaction (Panadero, Roman, & Kloos, 2010; Robinson, 2005). This study also
resulted in similar way; children gain some soahills such as group working.
However, the aim of the study was not to deeplyestigate social interaction
patterns or teamwork skills the children develogeadng a robotics camp. The aim
of the study was to reveal how social skills cobélempowered during a robotics
camp and suggesting strategies for it.

The result of the study is quite interesting ataogkills category. When both camps
are compared according to emerged social skilks,fiist camp is richer than the
second camp. The reasons of difference can be fodreh the both camps are
compared on their social potentials. Firstly, thuenber of the children who attended
to the first camp was more than the second camgaud® of the equal number of the
robot sets, the number of the children at each gneas more at the first camp.
Therefore, the first camp provided much richer gbenvironment to the children.
Secondly, number of the instructors who attenddtiécsecond camp was more than
the first camp and each group had an instructéhetsecond camp. Therefore, the
instructors could direct the children to activitiben they lost their attention and
interfere any unwanted situation. As a result, dl@ssroom management was much
easier and the camp area was more noiseless aetoead camp. Therefore, the
children could work much quieter but lesser soeralironment. Lastly, competition
was kept at minimum level at the second camp. Cditigoes also have social values
and competition and social interaction are key assuo increase children’s
motivation (Panadero et al., 2010). Keeping contipetiat minimum level at the
second camp could be another reason for the diiterebetween the camps.
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Competition is discussed later in this chapteribshould be pointed that races and
tournaments could have also increased social apmtds of the first camp.

It can be concluded that social outcomes of a rolmmp could be managed by
offering social environments. Number of instructargl involvement of instructors
have two fold effect on social environments; lessia environment with better

classroom management or more social but less pdaoef workable environments.

In group and between groups interaction shouldrioewaged at robotics camps. In
group interaction can be achieved with cooperataerning strategies such as
positive interdependence, promotive interaction. gfiurther information see

literature review chapter). Between groups intéoactcan be achieved with

information and Lego pieces sharing like in theoselccamp during the work hours.
Moreover, eating meals together, playing some ghygjames outside at free times
can also contribute between groups interactionh@gh it will be presented at
competition section, some tournaments and racdsalgib increase in group and

between groups interaction.
5.1.2Evaluation of camps’ components

Evaluation in instructional design has two purposesl one of the aspects of
“evaluation is determining how well the instructiomorks: is the instruction

effective, efficient, and appealing? And if it istrworking well, what changes need
to be made?” (Smith & Ragan, 2005, p. 104). Thaévwsluation of the instruction.

The answer of the question how should the inswacbe structured at a robotic
camp will be incomplete without evaluation. Therefathe children and instructors
evaluated the parts of the camps which are actsligets for the first camp and

programming instruction, learning stations and gebgection for the second camp.

One of the main differences between the two camsiculums was that at the first

camp activity sheets were prepared and these taesivwere conducted within

programming instruction section. However, programgni instruction and

mathematics and science activities were separatind econd camp. Programming

instruction was given during the first three daystlwe camp and science and

mathematics activities were conducted at learntagjons. Last three days of both
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camps were reserved for projects work. The childvere asked to evaluate activity
sheets at the first camp. On the other hand, théreh evaluated parts of the second
camp because of the change in the curriculum awntioa on the interview

schedule. The instructors compared both campsenitistructional design.

Result of the children and instructors’ evaluati@mve shown that, separating STEM
activities with learning stations from programmingtruction is better instructional
approach for a robotics camp. Moreover, with tharelg station approach, the
limited resources could be used for more produlstivieor example, if all groups
will work on the same activity, all groups will lkeame resources at the same time.
Any extra material for an activity should be praaadfor all groups. Also, with the
learning station approach, the groups could sheee tinused Lego pieces; because

each group creates different robots and each gsalgrhands are different.

The results of the study have shown that projeetdian of a camp is the most
enjoyable and most liked part of a robotics camjdet is so important that it
emphasized at the definition of constructionismofi€tructionism adds the idea that
people construct new knowledge with particular @ffeness when they are engaged
in building projects that are personally meaningfstudents construct their own
knowledge effectively while building creations thaterest and excite them, and
encourage them to learn” (Mindell et al., 2000, JoBecause the projects section
was the most liked part of the camp by the childtee STEM concepts also could
be given in half or one day long projects. For eplneach learning station could
not be labeled as circumference station or geéiostahe stations will be introduced
with their problems like, “in this station, it ixjgected that you will create a robot, it
will measure the length of the three different kléioes”. Only the radiuses of the
tires are given to the children. Therefore, thédchin could design a robot with light
sensor when the light sensor enter the black atait to measure the rotation of the
motors and measurement will end when the robothezhthe end of the black area.
Therefore, they could calculate the length of tlaek area by multiplying the value
from rotation sensors and circumference of the fiteey also remember and use

how they calculated the circumference of a circle.
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Like the example activity, the activities should be based on direct instruction and
give students chance to use previous knowledgeliee sa problem. All learning

station activities should be designed in similaywa
5.1.3Career

Technology related summer camps were used to iserelaildren’s interest toward
technology, computing, and engineering (Miller, &iee, & Moskal, 2005). Some of
these camps were especially for girls to increase turiosity and interest toward
STEM and also increase the possibilities of theirergging careers (Burket et al.,
2008); while the design phase of the camps, caféect of a robotics camp was not
foreseen and also the researcher did not investidj@t career effect deeply. The
career effect emerged when the researcher wastigaisg children’s benefits from

the camps. Therefore, the career effect could beertian 10 % for the first camp
and 18.2 % for the second camp. Even with theseeptages, it could be concluded
that robotics a camp has effects on the childrearser plan, especially for girls.

Nourbakhsh et al. (2005) also defined a theme -idelftification with science and

technology” in their study aimed to evaluate theicadional efficacy of robotics.

They defined the theme as “developing an intereggéchnology, confidence in one’s
ability to work with technology, and interest inrpuing education and future careers
in science and technology” (p. 120). Without coesiag career effects, two robotics
camps were designed and without any career empbrasaseer related activities, the
result of the study shown that a robotics campaffested career choices of children
especially girls’. During the camps, children wank robots that are directly related
to electronics and mechanics. Therefore, while @reydealing with these concepts

in a joyful way, their fears about engineering &chnology could be broken.

Both result of the study and the related literato@®e shown that a robotics camp
has effect on attended children’s career choicheréffore, career options could also
be added objectives of a robotics camps like studieliterature (Burket, Small,
Rossetti, Hill, & Gattis, 2008; Miller, Shearer, Moskal, 2005; Nourbakhsh et al.,
2005).
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Technology, computing and engineering career cobéd emphasized in an
educational robotics camp. For this purpose, sounestgspeakers who has a career
on robotics or engineering could attend the campdiszuss on their areas of
expertise, lifestyle and career on robotics (Nokinsa et al., 2005). Female speaker

is advised, because she could also be a role madisle girls.
5.2 Discussions on Group Issues

The second sub-question of the study is what grawg gender issues are. As
presented in the findings of the study chapter, ghbk-question was investigated
under three categories a) group size where thenapti group size was investigated,
b) group mates’ gender where the gender issues ingestigated and c) group
problems where the group problems, their causes @ousible solutions were

investigated.
5.2.1Group size

When all instructional setting and goals are det@kedesign phase of the camps, the
instructors should decide on optimal group sizestdidents lack collaborative skills,
the group should be two or three students, latergioup size can reach to six
(Johnson, Johnson, & Smith, 1991; Johnson, Johi&dtylubec, 1986). However,
the instructors should consider number of the factehen deciding the group size.
When the group increases, the abilities, expersis#ls and the number of the minds
for getting and processing information will increasHowever, the available
materials for the task will be another factor wigeiding on group size (Johnson et
al., 1986; Wilkinson, 2002). The results of thedstilhave also proved that, the main
reason for more crowded group is that when the murobthe children increase in
the group, the number of the ideas and minds witkaase, therefore the more
discussions will be and they will get more ben&fim the group work. However,
the designer should balance between the numbeheotchildren in a group and
available materials. Because, if groups are moosvaded than its’ optimum size,
some of the children in the group will get bored & occupied in doing unrelated

things.
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A criterion for the optimum group size is everyldhn the group should have duties
at any time (Edmiston, n.d.). That could be achdeadjusting group size according
to difficulties of activities or vice versa. Tha, ithe activities for a five members
group should be more demanding than the activites three members group. If
one of both variables (number of members in a grang difficulty level of
activities) is already defined; the other one stidad arranged accordingly.

However, it is hard to balance the difficulty lewdlactivities and group size without
robotics camp experience. The activities are erpliin diary of the camps sections
in detail. Moreover, the results of the study hakewn that the group size should be
three for a robotics camp and four-members-groupakso acceptable. Therefore, it
is advised to inexperienced camp designers to atatlifficulties of activities in this
study and for optimum group size is emerged asetf@ar these activities. If their
activities are similar to the activities in thisidy, three members groups are advised.
Also Mauch's (2001) study (with similar activitiee)d Panadero, Roméan, and Kloos
(2010) study resulted that the group size shouldhbee. If the group size has
already been decided and larger than three, thdtes should be more demanding

to cover every members in the group.
5.2.2Group mates’ gender

Gender studies in this subject rooted to Logo. HsglBrackenridge, Bibby &
Greenhough (1989) found that mixed (boys, girl®ugs performed better on a Logo
task than all-boy, and the same as all-girl (citetlowe, 1997). Yelland (1995) also
worked on gender issues on collaborative Logo takkfound that there were no
differences in performance measures between gmi$ loys but there were
differences in interaction. Girls showed more verliateraction in offering
information, asking information, offering a propbaad asking for a proposal. Lund
and Pagliarini (2000) also reported that girls watréeast as enthusiastic as the boys
at robotics. Moreover, Nourbakhsh et al., (2004p adtated that girls more likely
struggle with programming and they entered the swvith less confidence about
technology than boys. However, their confidence@ased throughout the course
significantly more quickly than the boys. As a dgsalthough there are some
differences between boys and girls at some vasgablere is not any performance
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and enthusiasm difference between boys and gins.stated before, aim of the
researcher is not reveal the difference betweergitlte and boys on any variables;
the aim is define how the groups should be cont&duin a robotics camp. However,
either robotics or collaborative learning relatédrature can give clear answer to
that question. Findings about group compositiorcaliaborative learning are mixed
regarding to heterogeneous or homogeneous forn8hgn@zoe & Aldrich, 2010).
Because of the multiple interactions, the groupetugteneity effect is different for
different tasks (Dillenbourg, 1999). The resultloé study have shown that, most of
the children prefer either mixed gender group ougrmates’ gender does not matter
for them. As related literature pointed, there a$ any performance and enthusiasm
difference between boys and girls, therefore, migedder groups are suggested for
a robotic camp. Moreover, in mixed gender group,dhildren could also gain more

social skills.
5.2.3Group problems

Group problems at a robotics camp is a bit diffetéan the group problems at a
classroom settings, for example hitchhikers orHaftiking which means getting

same grade all of the group members in spite aftamorking one (Johnson et al.,
2007; Oakley, Felder, & Brent, 2004; Shimazoe &rAdd, 2010) is a problem for

group works at classroom settings. But, resultthefstudy have shown that hitch-
hiking is not a group problem for a robotics canggduse there is not any grading.
On the contrary, the group members who “want toemalore tasks” are one of the

group problems.

“Not interested” group members, group member wharts to make more” tasks
and “no sight of respect” from the group membersenamerged main causes of the
group problems. In addition, at the second camghildren from the government’s
special dormitories for the children of divorcedrgras were main causes of the

group problems.

Cohn, (1999) stated that assigning roles to groembers is a technic to encourage
students to work cooperatively and a clear divissbriabor is an effective way to

prevent hitchhikers. Although, hitchhikers are m@ofproblem at a robotic camp,
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encouraging task sharing or division of the labould prevent the behavior of the
group member who wants to make more tasks on thetsoMoreover, the best
solution could be assigning an instructor to eastug. Therefore, the instructor
could manage the division of the labor, get intexdsthe group member toward

activities and help to solve any conflict in thegp.

However, being an instructor in the group couldrdase the children’s benefit from
the group work. The children could not develop tthwellaborative group skills in a
group with an instructor. The children should haliance to solve their problems by
themselves. Therefore, support of the instructayukh decrease in time that is
scaffolding approach should be used in instructeupport. Felder, Brent, and North
(1994) also suggested that if any group problenwumed, the instructor should
facilitate the discussion for the solution and nsaggest alternatives but should not
impose solutions on the group. Moreover, Shimazog Aldrich (2010) suggest
rearranging groups’ memberships when problem afikeough, rearranging groups
is a solution, Felder et al. (1994) suggest notdcoonstitute groups too often,
because, main goal of the cooperative learningoiélp the children develop
collaborative skills such as leadership, decisiakimgy, communication etc. These
goals can only be achieved when the children hawvegh time within the group.

Some children’s behaviors from the dormitory disad the other group members.
Also as an instructor, we had hard times to continelse children. We had not
received education and experience for dealing tblegaren. If children with similar

characteristics will attend a camp, at least oreeegnced instructor should attend to

the camp.
5.3 Discussions on Competition

The third sub-question of the study was relatedh thie issues and strategies about
cooperation and competition among learners. To ansiws question, competition
between the groups were encouraged at the firspcamthe contrary, competition
was kept at minimum level at the second camp. WE@mpetition between the
groups was encouraged some negative consequenees begen experienced.

However, when competition was kept at minimum lew&lf-competition has
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emerged. Although instructors’ data revealed nggatonsequences of competition,
children’s’ data from both camps resulted with restty of competition.

Although competitive environments have some drakbacin competitive
environments the children force their limits (Martil992). Petre and Price (2004)
found that robotics competitions motivated studemds persist through the
competition in spite of frustration or setbacks. &sesult of the study, the children
should be in competitive environments to work mpreductive and to enjoy the
activities. Because, when a race or tournamennge, the children work with
much more enthusiasm. Panadero, Roman, and Kldi©)2 also concluded that
competition and social interactions are key issineg contribute to increase the
student's motivation in their study with Lego Mitaiens NXTs.

Because the children worked in groups, a groupésess was dependent on the each
member’s effort on the group; therefore the chitdstould work cooperatively in
their group to be successful at the races or tonendés. Because there is not any
grading, arranging races or tournaments is one way create positive

interdependence (Johnson & Johnson, 1996; Johhson £986) in a robotic camp.

Although there is the possibility of negative caqsences; the competition should be
a part of a robotic camp because competition iatgnotivator for the children and
source of fun. The instructors should take someagutons to prevent negative
consequences of competition. For example, resultsa aace should not be
exaggerated by children; instructors should cleddfine that purpose of races are
for fun or motivation. The instructors should net the children be upset when they

are defeated in a competition.
5.4 Discussions on Coaching Issues

Duties of a coach were clearly defined in the coafpee learning literature. A coach

should motivate learners, analyze their performgnpeovide feedback and advice

on the performances and how to learn about hovettopn, and provoke reflection

on and articulation of what was learned (Jonas$&889). Tinzmann et al. (1990)

defined duties of a coach as providing hints orscugving feedback, redirecting

students' efforts, and helping them use a strafBgg.main principle of coaching is
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when the students need, providing the right amadirttelp, not too much or too
little, therefore students retain as much respditgibas possible for their own

learning.

Although coaching term is used often in the rolsostudies, especially that related
to robotic competitions such as FLL, effective doag strategies have not been
defined for a robotics camp in the literature. Hoere FLL defined roles of a coach
for the competition in their coaching manual (n.&)coach should facilitate instead
of giving correct answer. For example, insteadetiing “use smaller wheels from

the kit” a coach should encourage to brainstorrmsde make the robot slower or to
experiment to find correct wheels. Another usefdching method is to answer a
question with a carefully considered question thates them to use their knowledge
of science and hypothesize logical outcomes. THey pointed out that, a coach
should assist young people by facilitating probleshsng and helping them to reach

their own solutions.

During the camps the instructors avoided directrircsion, especially when the
children work on learning stations and projectgytiencourage the children to find
solutions to their design or programming probleAsa result of coaching approach,
the children stated that they have learned better they enjoyed their learning.
Therefore the instructors for a robotic camp shauwtdierstand that their duty is
being a coach. They should not give direct solutbrihe problems. They should
evaluate the children’s performance and give raghbunt of support to them. Jim,
(2010) pointed that frustration and stress builtvapy quickly when the robots failed
to perform what is expected. The instructors shdddp them active with right
amount of support, should not let them to enteietgor boredom area, should keep

them in flow state (Csikszentmihalyi, 1991).
5.5 Discussions on Technical Issues

The term “technical issues” has a broad meaninthenliterature. It includes from
electronic parts such as processor of the NXT bckstructure of a sensor
(McWhorter, 2005; Mindell et al., n.d.) to combigipieces such as gears (Barak &
Zadok, 2007). The purpose of the study was noteta avith technical parts of a
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robot and reveal electronically and mechanicallgigie problems and propose
solution to those problems. Aim of the study iseaing technical problems that
children confronted during the activities with Leddindstorms NXT sets and
computers. Therefore, technical issues should b#emstood as any technical

problems resulted from tools used at the camps.

The most common technical problem was deficiencthefLego pieces. Especially
at the second camp, fifty percent of the childreatesl deficiency of the pieces. In
addition to the basic Lego Mindstorms NXT educatsst, one resource pack was
distributed to each group in both camps. In spitextra resource pack, deficiency of
Lego pieces is still main technical problem of &atics camp. It is obvious that
basic Lego Mindstorms NXT education set do not hameugh pieces especially
when the children build their own design. Therefoesource pack is as essential as
Lego Mindstorms NXT set. If the children still colam for deficiency of pieces
even when resource pack is distributed, they ctwelcencouraged to share pieces

with the other groups.

Battery shortage is emerged as another technicdllggn of a robotics camp. The
batteries could not stand all day long activitidéhough, they could charge their
robots at breaks and nights, sometimes childree tawait charging to continue the
activities. Therefore, having extra battery packe advised and these batteries
should always be fully charged. Thus, in the casbattery shortage, these packs
should be changed with empty one. Empty battehesild be charged immediately

while the camp is continuing.

Also memory shortage of NXT bricks is another tecAhproblem. During a camp,
children have to clear memory of the robots, detdéteprograms to make place to
run new programs. While designing a robot camp, ittstructors could not do
anything for the memory shortage of the robots. E\mv, during the camp, the
children should be encouraged to save all theignamms on the computer before
closing the NXT-G programming environment. Therefothey can reload their

programs, whenever they want.
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Moreover, in any case of technical failure, thénewd be at least one person who
had enough technical competencies to solve tedhmioblems. In addition, an extra
robot set and computer also advised as a spareSmartetimes, technical problems

could not be solved instantly; changing parts cdnddhe only solution.
5.6 Discussions on Challenges

Brandt, (1998) stated people learn better underesaonditions, one of these
conditions is what they learn is challenging andewtihey accept the challenge.
Challenges were used in many of the robotics ssu@iecek, 2008; Gandy, Bradley,
Arnold-Brookes, & Allen, n.d.; Krugman, 1998; Papgeaal et al., 2010; Zubrowski,
2002). Educational robotics camps should have ehgihg components, because the

challenges will increase motivation and engager(i¢atirbakhsh et al., 2004).

Nourbakhsh et al. (2004) reported that in theidgtwith robotics, the children were
mostly struggled with programming and mechanics.rédweer, Jarvinen (1998)
expressed that programming appeared to be the difisult and frustrating task.
Similarly, the results of the study have shown thiz children mostly struggled at
programming and mechanics. Because the naturBeoptogramming it requires
writing the program most of the time it could nobnk perfectly first time and the
rest of the progress is debugging and debugginthoAgh, simple programming
architecture of NXT-G environments, nearly all bétchildren have not written a
programming before, therefore they could be strdglith algorithm of the
programming. Therefore, some algorithm activitiesuld be added to a camp
curriculum such as programming role play and drgvgimple algorithm on a paper.
The instructors should also be aware that childiternggle mostly in programming
and combining Lego pieces. Therefore, the instrscdbould be more watchful when
the children working on programming or combiningeqas to better guidance.
Because these two concepts are the most challepgirtg of a robotics camps, the
children could easily frustrate when they are wogkon them.

5.7 Discussions on Camp Duration

The duration of a robotic camp and length of sewssiare varied in the literature.
Some of the robotics camp were one day long (Bueketl., 2008; Cannon et al.,
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2006) some of them were one week long (Murphy & éRbfatt, 2000), some of
them were two weeks long (Williams et al., 2008d ssome of them held at
weekends throughout the year (Krugman, 1998). Toerethe designer can decide
the duration of camp according to instructionaleghyes of the camp. One of the
interesting results of the study is that there m@sany complain or suggestion about
the camp duration at the first camp, however mbgtechildren at the second camp
complained about camp duration or length of thekseln addition to the children,

instructors’ data resulted with that the camp stidnd half day long.

Although camps’ durations were the same, the meagan of complaint about camp
or breaks’ duration was the weather condition. Tird camp was conducted in
winter season and the second camp was in summeorsedhe hot summer

condition negatively affected the instruction & gecond camp.

When designing a robotic camp curriculum, the weattonditions should also be
considered; because it affects the children anttuct®rs’ performance. If it is
possible; there should be an air conditioner in ¢henp area. Moreover, while
designing a robotic camp curriculum, the balandevéen the contents and the camp
duration should be ensured. If a camp is arrangeabHd day long, they either must
sacrifice from the content or the camp must beédong

5.8 Camp Design Guidelines

Guiding research question of the study is what design principles for an
educational robotics training camp are. Robotiagsalesign related concepts and
related suggestions were presented so far. Moreaveeducational robotics camp
design guideline is presented in this section. giideline highlights main issues of
educational robotics camp design. Also, sample trebocamp curriculum is

presented in the Appendix M.

Design guidelines consist of two parts “design phaghich highlights what should
be done during the design phase of a camp and émmgmhtation part” which

highlights the main issues during a camp.
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5.8.1Design phase

» Define the target population, grade level of pgrdaton should be clearly

defined and all participants should be at samd.leve

* Mathematics and science activities should be pegpaccording to grade

levels of the children.

 Mathematics and science activities should not epamed based on direct
instruction approach. Children should face a compgbeoblem and they

should use their mathematics and science knowlexgelve that problem.

e Detailed camp curriculum should be prepared. Eashad the camp should
be planned with details. The curriculum should aonprograming sections,
mathematics and science activities, projects sect@nd motivational

completions.

» Carrier options could be included on the curriculuknguest speaker could
be invited to the camp, or half day of the campddde reserved for a trip to

observe robots’ usage in industry or robot relatedies etc.

e The camp curriculum should include as much as plesgrojects, because

the children like mostly doing projects with rohots

* For each group one robot sets, one resource patia (eego pieces pack)
and one computer should be prepared. Extra roliarsk battery packs are

advised.

* There should be at least one person who is conipetéechnical aspects in

the team.

* At least one science instructor should be in treemtdo manage science

related activities and discussions.
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5.8.2Implementation phase

* The first session should include introduction tlsathe participants should
introduce themselves (an icebreaker activity cdagdused for introduction)
and be informed about camp rules.

* General robotics information should be given witteresting activities such

as role playing, drawing pictures.
* Groups should be created with three or four membéarsmixed gender.

e Children should have chance to investigate robaats to discover parts of
the sets.

e During the camp, children should be encouragedsigt their own robots.

e Instruction should be organized simple to complégpecially, mechanics
and programming concepts should start from simple.

e Task sharing and division of the labor should beoenaged during group

works.

e Competitions are just for motivation; therefore cdoes should not let the

children break down after a completion.

« Instructors should always remember that their dsitpeing a good coach.
That is they should observe the children’s prograsd give them right

amount of help at proper time.

* Programming and mechanics are the most strugglets md a camp;
therefore the instructors should watch the childpeagress especially at

these activities. The instructors should prevamgtfation.

* In-group and between-groups interaction should meoeraged during the

camp.

» Social and physical activities should be encouragduteaks.
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» Sessions could not be so long that children ge¢dand breaks should be

long enough to children let off steam.
5.9 Implications of the Findings

In the literature there are some example curricsléion a robotic training camp like
Murphy and Rosenblatt (2000) and Nourbakhsh et(2005). They shared their
robotic camp curriculum and their activities. Ainfi this study was to prepare a
guideline for a robotic training camp with all asfge In addition to the robotic
camps curriculum in the literature, the succestfaovere defined and according to
children and instructors opinions suggestions vgeren for each factor. Moreover,
based on these suggestions, a sample roboticigataimp was presented. Therefore,
instructors or institution who wants to prepareo@atic training camp could be

benefitted from the results of this study.

Also the instructor who wants to use Lego MindsteriXT robotic set in their
courses or robotic club can benefit from the rasaftthe study. In addition to the
suggestions, recommended activities in the samgoigpccurriculum (Appendix M)

could be helpful to those instructors.
5.10Recommendations for Future Research

Designing a robotic training camp’s curriculum @& a single step progress and there
is no single best curriculum. Designing a curricalis a continuous progress and
this study is the first step of creating a robataning camp’s curriculum. Therefore,
the results of this study should be applied inlmoti@ camp and the results should be
evaluated. Redesign, implementation, and evaluatiaie should be followed to

reach better robotic training camp’s curriculum.

As a result of the study, the children stated thatcamp had effect on their science
and mathematics knowledge. As a further study, &ithore quantitative approach
the robotic training camp’s effects on science aradhematics knowledge could be

investigated.

To investigate potentials of using robots in forrB3IEM education, a robotic camp

can be organized with STEM teachers. Six teachens fdifferent STEM areas
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(Science and technology, mathematics and technodmgly design courses) could
attend first week of the camp and teachers getitrgion robotics and programming.
Then, the teachers prepare activities with robatsed to teach a subject in their
field. Second week of the camp, children attendaimp and they work with teachers
in group work. After they have learnt robotics ggrdgramming they work on the
activities that teachers had prepared. At the drtieocamp, children and teachers’

opinions could be taken about implementation ofrtimts in the formal education.
5.11Limitation of the Study

This study has some limitation. First of all thisidyy was conducted with limited
number of the children. Although, it is not the aioh this study to reach a
generalization as a qualitative study, conductinglar camp might shed light on to
reach better robotic instructional camp’s curriecnlUMoreover, the assertions could

be applied only to similar cases.

While accepting the children to the camp; neithey aampling procedure nor the
GPAs of the children were considered. Moreover,daps were two weeks long
and the children were highly motivated toward l&agrrobotics. Therefore, science

and mathematics results should be evaluated chreful
5.12The End

Finally | reached the end. It was a long and haurey, sometimes enjoyable
especially at the camp times, while working withlaten. | guess | achieved what |

wanted to do. | prepared a guideline to whom irstiexe in robotic camps.

Beside this dissertation, | think we achieved vénportant thing, we present
something to those children, which they normallyuldonot meet. They lived two

weeks, they could remember whole life. | will.

This journey also affected my thought about medliearning. Before starting to this
study, | placed myself near to method in media-imettiebate. Now, | believe that

some media has promising features in learning lhiowt exaggeration.

200



| think, | will continue to work on robotics and din instructional features in

learning.
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APPENDIX A

INTERVIEW SCHEDULE

Merhaba,

Ben Memet UCGUL. Sizlerle daha 6nce de kgagumuz gibi bu yapgimiz robot
etkinligi ayni zamanda benim doktora tezimin bir parcasndb sizinle etkinlikte

yasadiklarimizla ilgili biraz kongmak istiyorum.

Oncelikle belirtmeliyim ki; soragam sorular kesinlikle sizin bilginizi 6lgme amach
desildir. Ayrica, cevaplarinizi benden gka kimse gérmeyecektir. Sadece size ait
olan demografik bilgileri kullanabilirim. Bu noktadda sizin bilgilerinizi takma ad

kullanarak yazabilirim.

Soracg@im sorularin hicbirinin dgru yada yank cevaplari yoktur. Ben sadece sizin

bu konu hakkinda ne giind(glinizi merak etmekteyim.

Eger sizin igin de bir sakincasi yoksa ggnémizi kaydetmek istiyorum.
Gorismemiz yaklalk 30-40 dakika surecektir. Garileye bglamadan 6nce bana
sormak istediiniz bir sey var mi? Gorgmenin herhangi bir noktasinda ara vermek

isterseniz bana séylemeniz yeterli.

Gorlsmeye balayabilir miyiz?

3. Robotlarla ilk kagilastigin zamani hatirliyor musun? Biraz anlatabilir nftsin
a. Neler hissettin?
i. Hislerin nedenleri?

4. Robotlar ile gaktigin sireci dgerlendirir misin?
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a. Egleniyor musun?
b. Neler hissediyorsun?
c. Sana olan faydalar nelerdir?
i. Orneklendirebilir misin?
d. Bu surecte nelergiendigini distiniyorsun?
i. Orneklerle agiklayabilir misin?
e. Zorlandginiz zamanlar oldu mu?
i. Orneklerle agiklayabilir misin?
5. Grup arkadglarinla sorunlar ygadiniz mi? Ne tip sorunlar?
Probe: Sorumluluk almama
Probe: Ksisel sorunlar
a. Bu sorunlar nasil ¢cozuldi/cézilmeli?
b. Egitmenin roli ne olmali?
6. Biz kampi busekilde yaptik ama, sizce kamp nasil olmali?/ Olyaah
a. Grup:
i. Gruplardaki @renci sayisi ne olmali? Neden?
ii. Kiz ve erkek sayisi nasil olmali? Neden?
iii. Bireysel farklihklar 6nemli mi? Bireysel farklliar nasil
degerlendirilmeli?
Probe: Zeka (uzamsal zeka, matematik zekasi vilgi),
yetenek, bisel gelgim diizeyi, ya, cinsiyet.
b. Egitim:
i. Bir egitim verilmeli mi? Neden?
ii. Verilecek ise gitim nasil olmah? (Detayli aciklama)
Probe: Yaparak, ylzyize, kitaptan v.b.
iii. Egitmen size nasil yardimci olmali? gEmde — Etkinlik
eshasinda)
c. Etkilesim:
i. Grup ici etkilsim nasil olmali?
ii. Gruplar arasi etkigm nasil olmali? Rekabet olmali mi?
Neden?
iii. Bu etkilssimi sglamak icin &itmene ne gibi gorevier
dismektedir?
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d. Teknik
I. Yasanabilecek teknik problemler neler olabilir?
ii. Bu problemlerin Gstesinden nasil gelinebilir?
e. Etkinlik saatleri
I. Bir gunde kag saat olmali? Neden?
ii. TeneffUsler? Neden?
7. Kampta en ¢cok hmunuza giden/olumlgeyler nelerdi?
8. Kamptaki en sikici/olumsugyler nelerdi?
9. Kampin bélumlerini nasil deerlendirirsiniz?
a. llk ¢ glnlik robot ve programlamgigmi
b. Sonraki U¢ gunluk istasyon cahalari
c. Proje calmasi
10. Robotlar/teknoloji konusunda kendini nasil gortyora
a. Kamp oncesinde
b. Kamp sonrasinda
11.Eklemek istediiniz bagka birsey var mi?
Tesekkirler©
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APPENDIX B

CAMP EVALUATION FORM

Al Tarih: [/  /201C

Bu gun etkinlikte neler grendiniz?

Grup arkadglarinizla ygadginiz olumlu - olumsuz deneyimler nelerdir?

Egitmen ile ilgili yasadginiz olumlu - olumsuz deneyimler nelerdir?

Genel olarak bugunku etkiglidegerlendirir misiniz? (Eksik olan noktalar,
Onerileriniz, yaadginiz sizi etkileyen olumlu ya da olumsuz olaylar )
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APPENDIX C

RESEARCH PERMISSION

1 T.C.
MILL{ EGITIM BAKANLIGI

Egitimi Aragtirma ve Geligtirme Dairesi Bagkanhifx

Sayt  :B.08.0.EGD.0.07.00.00.311- 308 /1846
Konu : Arasurma lzni

ORTA DOGU TEKNIK UNIVERSITESI
REKTORLUGUNE

llgi  : a) 29/06/2010 tarih ve B.30.2.0DT.72.00.00 / 400 / 4041 sayili yaz1
b) 28.02.2007 tarih ve B.08.0.EGD.0.33.05.311-311/1084 sayih Makam Onay ile
Uygulamaya Konulan “Milli Egitim Bakanlhigma Bagh Okul ve Kurumlarda
Yapilacak Aragtirma ve Aragirma Destegine Yonelik Izin ve Uygulama
Yonergesi
Universiteniz Bilgisayar ve Ogretim Teknolojileri Egitimi EABD Doktora Programi
ogrencisi Mehmet Uggil'iin “Egitsel Robot Kamplarinda Kritik Bagar1 Faktérleri: Durum
Cahgmasi™ bashkll aragtirmasinda kullanilacak veri toplama araglarim Turkiye Egitim
Goniilluleri Vakfi Etimesgut Egitim Parkt ve Bingdl-Solhan Yauli [lk&gretim Bolge
Okulu’nda uygulama izin talebi incelenmistir.
Universiteniz tarafindan kabul edilerek onayh bir 6megi Bakanhigimizda muhafaza
edilen (3 savfa - 12 sorudan olusan) veri toplama araglarimi ve gerekli izin belgelerini, ilgi (a)
yazida belirtilen illerdeki egitim kurumlarinin 6grencilerine goniilliilik esas olmak ve kimlik
bilgilerint belirtilmemek kaydiyla uygulanmasinda bir sakinca gériilmemekiedir.
llg: (b) Yonergemn 5.Maddesinin (o) bendi uyarinca teslim tutanagimin 1imzalanarak
arastirmanm  bitiminde sonu¢ raporunun ki omegimin  Bakanhfimiza gbnderilmesi
gerekmektedir.

Bilgilerinizi ve gercgini rica ederim.

/

"1

Bal-;zm a. .
Dairc Bagkan V. ;

Ek: 1.Goriisme Formu (3 sayfa)

76.07.:0 N14025
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APPENDIX D

PARENTAL PERMISSION FORM

Sayin Veli,

TUBITAK tarafindan desteklenen “Geng¢ Mucitler Roboti@glyor, Bilimi
Kesfediyor Kamp1” Atilim Universitesi, ODTU ve Dokuzyfil Universitesi’nde
calisan bilim insanlarinin okiurdugu bir ekip tarafindan yurutilmektedir. Turkiye
Egitim Gonulluleri Vakfi (TEGV) Semahat - Dr.Nusretgel Esitim Parki’'nda 25
Ocak- 5Subat 2010, saat 9:30-16:30 arasinda gerge&ék olan bilim kampimizin
etkinligini 6lcmek icin kisa anketler, gézlemler ve ggneler yapilmasi
planlanmaktadir. Bu kapsamda ekibimiz tarafindanigtii ve ses kaydi yapilmasi
ongorilmektedir. Bu kayitlar sadece proje ekibaterdan incelenecektir. Bu
calismaya katilim gonulluliik esasina dayanmaktadireQciler arzu etgi takdirde,
hicbir yaptirirma maruz kalmaksizin katilimdan vazge hakkina sahiptir.

Bu bilimsel ¢algmanin yani sira projenin tanitimi i¢cin kamp esrdein
cekilen fot@graf ve videoladnternet sitemizde tanitim amaciyla yayinlamayi
distindimektedir.

Son olarak, 29 Ocak 2010 tarihinde ODTU Bilim vekii@oji Miizesi’ne bir
gezi etkinli planlanmaktadir. Ucretsiz olan gezimizde katililaemizin ulgimi
servis aracifityla sa&lanacaktir.

Calismamiza ve kampimiza katkilarinizdan dokmdiden tgekkir ederim.
Daha fazla bilgi icin proje yoneticisiyle ilgtin kurabilirsiniz.

Proje Yoneticisi

Yrd. Dog. Dr. Erol OZCEIK

Atilim Universitesi Bilgisayar Muhendigi Bolumi
Kizilcasar Mah. 06836ncek/ANKARA
Telefon:586 87 93
E-posta:eozcelik@atilim.edu.tr

Proje Ekibi:
Dog. Dr. Kiisat Calltay (ODTU, Egitim Fakiiltesi), Dr. Bulent CaggDokuz Eyll

Universitesi, Bitim Fakdiltesi), Uzman Memet Uggul (ODTUgiim Fakultesi),
Uzman Nuri Kara (ODTU, Eitim Fakdiltesi)
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Yukarida agiklamasini okugum galsmaya, cocgumun katiliminazin veriyorum.
« Izinvermiyorsaniz lutfen kutuya carpisareti koyunuz[_|

Kamp esnasinda ¢ogumun c¢ekilen fotgraf ve videolarin projeniinternet
sitesinde tanitim amaciyla yayinlamasmia veriyorum.
« izinvermiyorsaniz liitfen kutuya carpisareti koyunuz[_]

Cociygumun ODTU Bilim ve Teknoloji Miizesi'ne gitmesiign veriyorum.
« izinvermiyorsaniz liitfen kutuya carpisareti koyunuz[_]

Velinin Adi Soyadi:

Imzasi:

Tarih:
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APPENDIX E

THE FIRST CAMP CURRICULUM

E.1 The First Day

Etkinlik Tarihi (GUn/Ay/Yil):  25/01/2010
Etkinli gin Adi: Robotlara ve Lego Mindstorms NXT Ortamina iri

Hedef Kitle: ilkogretim 6. siniflar
Etkinli gi yaptiracak kisi(ler):
Takim koclari:

Etkinli gin Amaci: Bu etkinligin i¢ amaci vardir. Birinci amag, 6érnek robotlar
sunarak @rencilerin ilgisini gekmek vegencilerin robotlarla neler
yapabileceklerini gostererek motivasyonlarini axtik.ikinci amag, robot kavramini
tartisarak robotlarin karakteristik 6zelliklerini tanimtak. Son olarak da, Lego
Mindstorms NXT'ye girg yaparak @rencilerin ¢calgacasl ortami tanitmaktir.

Etkinli gin Konusu: Etkinligin konusurobotlarin icinde bulunduklari ortami nasil
algilayip ona gore hareket ettiklerini ve nasilizivrandiklarini grencilere
gostermektir. Robotlarin, belirli bir gorevidamak icin tanimlanan algoritma
dahilindeki sirali komutlari nasil yaptiklari tafacaktir. Lego Mindstorms NXT
calisma ortamindaki donanimsal ve yazilimsalgdaider @rencilere tanitilacaktir.
Basit bir robot yapmanin ne kadar kolay @dwdsterilerek grencilerin
motivasyonu ve robot ggtirmeye yonelik 6z-yeterlilik inanclari artirilactak

Etkinli gin Suresi:

09:30 -10:20 Robot kampinin tanitiimasi, kurallagiklanmasi ve 6n
testlerin uygulanmasi

10:20 - 10:30 Ara

10:30-11:20 “Zeki Robotldsbasinda” gdsterimi

11:20-11:30 Ara

11:30-12:20 “Vol.i” filminin bir Kisminin izlemesi ve tarima

12:20 — 13:30 ¢le yemei

13:30 - 14:20 Robotlar Gizerine tama
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14:20 — 14:30 Ara

14:30 — 15:20 Lego Mindstorms ortaminaggiri
15:20 - 15:30 Ara
15:30 - 16:20 Ik robotumu yapiyorum aktivitesi

Kullanilacak Malzemeler:

Projeksiyon cihazi

Proje ekibinin dnceden yapticalsir durumda olan 6rnek robotlar

“Vol.i” filmi

Her bir grup icin Lego Mindstorms seti, bilgisaysesim kgidi ve pastel boya seti

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayisB

Katilimci sayisi24 (6 grup)

Robot kampinin tanitiimasi ve on testlerin uygulasm®©nce @rencilerin
birbirleriyle tangmasiicin bir aktivite yapilirDaha sonragrencilere énce robot
kampi hakkinda genel bilgiler verilecektir. Kampumrallari katihmcilara
aclklanacaktir. @encilerden beklenenler, aktivitelerin iceriklerilatilacak ve
kampta ne gibi robotlar getirecekleri projektér aracgiyla sunulacaktir. Daha
sonra @rencilerin soru sormalarigek edilerek sorulari cevaplandirilacaktir. Son
olarak on testler uygulanacaktir.

“Zeki Robotlar/sbasinda” gosterimi.Ogrencilerin Lego Mindstorms teknolojisi ile
neler yapabileceklerine drnekler gosterilecektientproje personeli ve TEGV'deki
diger &renciler tarafindan galirilmis robotlarin sinifta sunumu yapilacak, hem de
projektérden @rencilerin yaitlarinin gelgtirdikleri robotlar sunulacaktir. Buradaki
amac, cakan robotlar gostererelgtencilerin motivasyonunu artirmaktir. Gozlem
aktivitesinin daha verimli olmasi iginsgencilere aktiviteden dnce cevaplamalari
istenen sorular verilecektir. Bu sayedgedncilerin gdzlemdeki roliiniin salt izleyen
degil sorularin cevaplarini agaran olmasi sglanacaktir. Orngin, 6grencilere
robotlarin yap#i isler ve bu leri nasil yapabildikleri sorulacak, cevaplar smnif
tartisilacak, daha etkikmli bir ortam sglanacaktir.

Figure E.1Yazi yazan robot
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“Vol.i” filminin bir kisminin izlenmesi ve targma.Vol.i filminin bir kismi
seyredilecek ve ardindan film Gzerine tarta yapilacaktir. Bu aktivitede robot ve
toplum iliskisi, robotlardaki zeka kavrami incelenecektir.

Robotlar tizerine targma.Ornek robotlarin gésteriminden songénciler 2 kiden
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olusan gruplara ayrilarak hayallerindeki robotu/robottaasa bginda pastel
boyalarla ¢izmeleri istenecektir. Daha sonra heghip cizdikleri resmi ger
arkadalariyla paylailacaktir.

Lego Mindstorms ortamina gjrive algoritma Ogrencilere Lego Mindstorms
ortaminin donanimsal ve yazilimsal kdeleri tanitilacaktir. Sinifta basit bir robot
gelistirerek robotun nasil ga edildgi, yazilimin kullanilarak robotun nasil
programlandii, programlarin robota nasil aktargdve robotun nasil bu programi
calistirildigl gosterilecektir. Bu etkinlikte Lego Mindstormszylaminin kullanimina
yonelik detayll bilgiler verme yerine an sona bir robotun nasil yapgdbaslam
(context) icinde sunulacaktir. Robotu kontrol egemgramlarin ¢cagma mantgini
gorundr kilmak ve somugairmak icin drama tekgi kullanilacaktir. Bu drama
tekniginde, normalde dijital ortamda ¢gdn robot programlama suregiréncilerin
rol aldg bir sahnede canlandirilacaktir. Buslzanda, bir @renci grubu programci
rolind Ustlenecektir. Programcilar robotun bebitiisi yapmasi icin gereken
komutlari belirleyeceklerdir. Bir B&a Ggrenci, grubun yazgi programlar robota
okuyup aktaracaktir. Robot rolt verilenska bir grenci de kendisine iletilen
komutlari aynen sirasiyla yapacaktir. Robot aldarkomutlari yorum katmadan
birebir uygulayacg icin grubunun hazirlagh programin ne kadar gou oldusu tim
sinif tarafindan gézlemlenecektir. Programcilaoibotu yeniden programlamalarina
izin verilerek hatalarini dizeltmeleriganacaktir. Bgka problemlerde dramaya
katilmayan @rencilerin rol almalari gganarak tim sinifin dramada aktif olarak yer
almasi tgvik edilecektir. Eitmen robotlarin ak sakalli dedesi rolini oynayagak
ogrencilere gerekginde yol gosterecektir. Drama etkigihin daha bgarili olmasi ve
dgrencilerin konuyu daha iyi idrak edebilmeleri ightivitenin bginda eitimciler
katilimcilara drama etkirgine bir 6rnek gostereceklerdir.

Ik robotumu yapiyorum aktivitesgruplara robot setleri verilerelgiencilerin
robotu olygturan parcalari incelemelerine izin verilir. Bu edg @&rencilerin robot
setlerini kgfetmeleri desteklenir. Gruplara, Lego MindstormsB¢g! verilerek bu
kitapciktaki yonergelere gore robotu gilurmalari istenir.
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E.2 The Second Day

Etkinlik Tarihi (Gun/Ay/Yil): 26/01/2010

Etkinli gin Adi: Robotun Tekerlginin Capi ve Kat Etfii Mesafe

Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci: Ogrenci gruplarina robotlarinin belirli bir mesafen(@tre gibi)
kadar yol almasi gorevi vererek 6lgcme, uzunluk gekdemler gibi matematik
konularinda gagida belirtilen kazanimlari ggamak ve bu konularin gercek hayatta

nasil ke yaradiklarini géranar kilmak.

Ele Alinan Konunun flkégretim Matematik Programindaki Yeri

Ogrenme Alani Kazanimlar

Uzunluk 6lgme birimlerini aciklar ve
birbirine dénigtardr.
Duzlemselsekillerin gevre
uzunluklarini strateji kullanarak tahmin
eder.

Duzlemsekekillerin ¢cevre uzunluklari
ile ilgili problemleri ¢bzer ve kurar.
Esitli gin korunumunu modelle go6sterir
ve aciklar.

Denklemi aciklar, problemlere uygun
denklemleri kurar.

Birinci dereceden bir bilinmeyenli
denklemleri ¢Ozer.

1. Oteleme hareketini aciklar.
Donlsum Geometrisi 2. Bir seklin 6teleme sonunda glan
goruntisunu iga eder.

Uzunluklari élgme

Esitlik ve denklem

Etkinli gin Konusu: Etkinligin konusuilkégretim 6. sinif programinda yer alan

somut birsekilde anlatmak ve bu konularin gercek hayattal ngesyaradgini
gostererek grencilerin matematik konularina olan tutumlarinli gemek igin
robotlarin programlangi probleme dayali genme yoluyla etkinlik sunulacaktir.

Etkinli gin Sdresi:

09:30 - 10:20 Problemin aciklanmasi ve drama
10:20 - 10:30 Ara

10:30 - 11:20 Robotun programlanmasi

11:20 - 11:30 Ara
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11:30-12:20 Yol, tekerygn cevresi ve at turu arasindaki iki,
Denklemler

12:20 — 13:30 6le yemei

13:30 — 14:20 Olgu birimlerinin birbirine dégiimu
14:20 — 14:30 Ara

14:30 — 15:20 Cevre uzurgu

15:20 - 15:30 Ara

15:30 - 16:20 Yagma, Grup sunumlari, Ozet

Kullanilacak Malzemeler:

Projeksiyon cihazi

Her bir grup icin 3 farkl boyutta robot tekerledtis bir adet mezuraérit metre),
calisma kaidi, Lego Mindstorms seti ve bilgisayar.

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayisi3

Katilimci sayis124 (6 grup)

Problemin agiklanmasi ve dram@grencilere bir giivenlik robotu gstirmeleri
istenir. Bu robot, 2 metre boyundaki bir kapidaetilzolarak gidip gelecektir.
Ogrencilerin problemi daha net biekilde anlamalari icin problem dranpeklinde
anlatilir. Bu etkinlik sadece robotun 2 metre ilgitmesini kapsamaktadir. Robotun
geri donmesi bgka etkinliklerde splanacaktir. @rencilere, “robotun kat etmesi
gereken mesafe ile tekeglain ¢evresi arasinda birgki olabilir mi” sorusu

yoneltilir. Cevaplar sinifta tagilir. Ogrencilerin 6ne surdukleri fikirleri test etmeleri
icin asagidaki deneyler yapilir.

L T %
Figure E.5Guvenlik robotu hirsizi yakalarken
Robotun ileri hareket etmesi igin programlanmasgrencilere yazilimi kullanarak
robotu programlamalari, bilgisayardaki programiatabaktarmayi ve son olarak da

robota aktarilmy programi caktirmalari gosterilir. Robotun ileri ggou hareket
etmesi gereken komutlagkencilere projeksiyon cihazinda sunulur.
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Yol, tekerlgin gevresi ve atén turu arasindaki ilgki. Her bir Grenci grubuna 3
farkli boyutta robot tekerfg, bir adet Lego Mindstorms seti, mezura ve gaa
kagidi verilir. Gruplar sirayla disik boydaki tekerlek setlerini robotlarina takarlar.
Deneme yanilma yoluyla robotlarinin 50 cm yol Katesini sglamaya cakirlar.

Her bir tekerlek icin bulunan tur sayisi gala ka&idina yazilir.@rencilere, robotun
aldigi yol, tekerleinin cevresi ve at@ tur arasinda bir gki olup olmadgl sorusu
sorulur. Gruplar 6nce kendi aralarinda bu soruytusta Sonra gruplarin cevaplari
sinifta tartgilir.

Denklemler Gruplara yol, ¢cevre ve tur arasindakgklyi gosteren denklemi
yazmalari istenir. Gruplar ellerindeki verileri birleri arasinda d@stirirler. Her
grup, onerdii denklemin dgrulugu diger grubun verilerini kullanarak sinar. Ero
cevap (denklem) sinifta tagthir. Bu denklemden her bir tekegi@ cevresi
hesaplanir.

Olgii birimlerinin birbirine doniguimii.Ogrencilere bu sefer en buyik tekerlek
takildiginda robotun 2 metre ilerlemesi igin kag tur atnggsektgi, 2 metrenin kag
santim ettgi sorulur. Cevaplarin dwulugunu 6lgmek icin gruplarin mezura
kullanmalari istenir. Hangi cevabin ga oldusu sinifca tartulir.

Cemberin ¢evre uzurgu. Ogrencilere, tekerlgin cevresi ile capi arasinda bir

ili skinin olup olmadgini test etmeleri istenir. genciler 3 tekerlgin cevresini ve
capini mezura ile dl¢ip, 6lcim sonucunuspad ka&itlarina yazarlar. Gruplarin bu
ili skiyi gosteren denklemi bulmalari istenir. Grupldeendeki verileri birbirleri
arasinda destirirler. Her grup, onergii denklemin dgrulugu diger grubun
verilerini kullanarak sinar. Ogu cevap (denklem) sinifta tautir.

Yarisma ve Grup sunumlarGruplarin kendilerine verilen gorevi yani robottar2
metre ileri gitmesini gamalari istenir. Her bir gruba tek bir hak verdiey
robotlarinin belirtilen mesafe kadar ileri gidigrgedigini 6lcer. Her bir tekerlek icin
ayr1 yarsma yapilir. Hatalarin sebepleri gaha kaidindaki ilgili yere
yorumlamalari istenir. Hatalarin gruplar tarafindagtedilip cozmeleri istenir.
Gerektginde gitmenler gruplara yardim ederler. Son olarak, iioplar
kendilerine verilen projeyi sinifin 6niinde sunarBw kapsamda gruplar hem kendi
robotlarinin nasil catigini gosterirler, hem degéendikleri matematik konularini
yorumlarlar.

Ozet Kapansta, esitmenler bu etkinlikteslenen konulari 6zet biekilde tekrar

ederler ve matematiktglénen bu konularin gercek hayatta naslyaradiklarini
ornek verip anlatirlar.
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E.3 The Third Day

Etkinlik Tarihi (GUn/Ay/Yil):

27/01/2010

Etkinli gin Adi: Geometri ve Robotun Donmesi

Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci: Bu etkinligin amaci daha 6nceki etkinliklerde tasarlagnmlan
guvenlik robotunun bazi matematiksel bilgi ve b#eensiginda 180 derece (geri)

donmesini sglamaktir.

Bu etkinlik yapilirken gencilerin aagida belirtilen

o0grenme alanlari ve kazanimlari edinmeleri beklengcek

Ele Alinan Konunun Tlkégretim Matematik Programindaki Yeri

Ogrenme Alani

Kazanimlar

Uzunluklari 6lgme

1.

2.

Uzunluk 6lgcme birimlerini
aciklar ve birbirine dongitrar.
Duzlemsekekillerin ¢cevre
uzunluklarini strateji kullanarak
tahmin eder.
Duzlemsekekillerin gevre
uzunluklari ile ilgili problemleri
cOzer ve kurar.

Esitlik ve denklem

Esitli gin korunumunu modelle
gosterir ve aciklar.

Denklemi agiklar, problemlere
uygun denklemleri kurar.
Birinci dereceden bir
bilinmeyenli denklemleri ¢cozer.

Donlstim Geometrisi

Donme hareketini agiklar.
Duzlemde bir nokta etrafinda ve
belirtilen bir aciya goreekilleri
dondurerek cizimini yapar.

Cember ve Daire

Cemberin 6zelliklerini belirler ve
¢cember modeli iga eder.
Cemberin dizlemde ayig@i
bolgeleri belirler.

Cember ile dgrunun iliskisini
belirler.

Cember veya dairede merkez agl
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ve cevre acl ile bu acilarin
gordigi yaylan belirler.

5. Ayni yayl géren merkez acinin
Olcusu ile gcevre acinin dlgusi
arasindaki ikkiyi belirler.

Etkinli gin Konusu:

Bu etkinligin konusunu ilk@retim matematik programinda yer alan Uzunluklar
olusturmaktadir. Bu soyut konularin somut Bgkilde anlatmak ve bu konularin
gercek hayatta nasgd yaradgini gostererek grencilerin matematik konularina olan
tutumlarini geltirmek icin robotlarin programlangh probleme dayali grenme
yoluyla etkinlik sunulacaktir.

Etkinli gin Suresi:

09:30 - 10:20 Problemin aciklanmasi ve drama
10:20 - 10:30 Ara

10:30 - 11:20 Robotun geri dénmesi i¢in programmasi
11:20 - 11:30 Ara

11:30-12:20 Yol, tekerfgn cevresi ve at# turu arasindaki igki
12:20 - 13:30 ¢le yemei

13:30 - 14:20 Denklemler

14:20 — 14:30 Ara

14:30 - 15:20 Denklemler

15:20 - 15:30 Ara

15:30 — 16:20 Yagma, Grup sunumlari, Ozet

Kullanilacak Malzemeler:

Projeksiyon cihazi

Her bir grup icin robot seti, bir adet mezura, gah ka&idi, Lego Mindstorms seti ve
bilgisayar.

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayisB

Katilimci sayisi24 (6 grup)

Problemin aciklanmasi ve dramaOgrencilerden daha 0Onceki etkinliklerde
gelistiriimis olan guvenlik robotunun geri donmesinigkanalar istenir. Robotun
nasil donec@ni Ogrencilere kavratabilmek icin bir drama aktivitesapylir. Bu
drama etkinlginde iki katihmci robotun tekerg rolunt Ustlenirler. Robotun 180
derece donmesi icin birgéencinin sabit kalip, der &rencinin dairesel bir yol
uzerinde hareket etmesi gerekigrénciler arasindaki mesafe grhda hareket eden
ogrencinin daha fazla yol kat etmesi gergktbir baska deysle yari capi daha buyuk
bir dairenin ¢evresinde yol almasi gergkkiesfedilir.

Robotun geri donmesi icin programlanmaBir. tekerlesin hareket etmeyerek tek bir

tekerlesin donmesi @rencilere projeksiyon cihazinda gosterilirgr®nciler deneme

yaniima yoluyla robotlarini 180 derece déndiurmeahk tgk bir tekerlgin kac tur
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attigini bulurlar. Bu dgeri calsma kaidina yazarlariki tekerlek arasindaki mesafe
2 defa deistirilir. Her bir durumda robotun 180 derece donmegn tek bir
tekerlezin kac tur at bulunur.

Yol, tekerlgin cevresi ve atéi tur arasindaki ilgki. Bir énceki aktivitede yol,
tekerlegsin cevresi ve at@n tur arasindaki ifki incelenmsgti. Ayrica, bir dnceki
aktivitede hesaplanan tekerleklerin cevresi ileetkin attig tur carpilarak
tekerlgsin kat ettpi yol hesaplaniriki tekerlek arasindaki farkli mesafeler ile tek bir
tekerlezin kat ettgi yol arasindaki igki tartisilir.

Denklemler.Gruplardan bu ifkiyi aciklayan denklemi bulmalari istenir.s&sida
dogru denklem yazilnstir.

Robotun dongi acisi / 360 = tek bir tekegm kat ettgi yol / dairenin cevresi
(yaricap = iki tekerlek arasindaki mesafe)

Yariysma ve Grup sunumlarGruplarin kendilerine verilen goérevi yani robotfar2
metre ileri gidip geri donmesi istenir. Her bir geutek bir hak verilerek, robotlarinin
belirtilen mesafe kadar ileri gidip gitmehi ve 180 derece donip donmgidi

Olcer. Balangic noktasina en yakin mesafede duran grugnyay kazanir. Tekerler
arasindaki 3 farkli mesafe i¢in ayri ayri 3 yara diizenlenir. Hatalarin sebepleri
calisma kaidindaki ilgili yere yorumlamalari istenir. Hatalargruplar tarafindan
kesfedilip cozmeleri istenir. Gerelginde &itmenler gruplara yardim ederler. Son
olarak, tim gruplar kendilerine verilen projeyiigim dniinde sunarlar. Bu kapsamda
gruplar hem kendi robotlarinin nasil gakiini gdsterirler, hem deggendikleri
matematik konularini yorumlarlar.

Ozet Kapansta, esitmenler bu etkinlikteslenen konulari 6zet bigekilde tekrar

ederler ve matematiktglenen bu konularin gercek hayatta naslyaradiklarini
ornek verip anlatirlar.
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E.4 The Fourth Day

Etkinlik Tarihi (Gun/Ay/Yil): 28/01/2010
Etkinli gin Adi: Robotun Hizinin Bulunmasi
Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci:

Ogrenciler 4 ve 5. siniflarda kuvvetin ne ofdy cisimlerin hareketlerine veya
sekillerine olan etkileri ve kuvvet gileriyle ilgili bilgileri almistir. Bu gamadan
sonra @renciler, bazi cisimlerin hizlarini hesaplayabilidiel iste bu etkinlikte de
ogrenci gruplarinin belirli bir mesafede sabit hifdakli tasarimlardaki robotlarin
hizlarini hesaplamalari istenecektir. Bu etkinliloluyla @Grencilerin gagida
belirtilen kazanimlari edinmelerinin yani sira banklarin gunlik ygamda nasilse
yaradgini anlamalari sganmaya cakilacaktir.

Ele Alinan Konunun Tlkégretim Fen ve Teknoloji Ogretim Programindaki Yeri:
Sinif Seviyesi . 6. Sinif

Ogrenme Alani : Fiziksel Olaylar — Basit M

2. Unite : Kuvvet ve Hareket

Ilgili kazanimlar

1.1. Cismin aldii yolu ve bu yolu ne kadar zamanda gidi dlcer (BSB-22, 23).
1.2. Alinan yolu ve gecen zamani kullanarak cissdiratini hesaplar.

1.3. Sdrat birimlerini ifade eder ve kullanir (B&8).

1.4. Alinan yol, gecen zaman ve surat arasindakiyl aciklar ve farkli durumlar
icin uygular (BSB-30).

1.5. Bir cismin aldil yol ile gecen zaman arasindakgkiyi grafikle gosterir ve
grafigi yorumlar.

Etkinli gin Konusu:

Etkinligin konusunuilkogretim 6. sinif programinda Fiziksel Olaylagrénme
alaninin Kuvvet ve Hareket Unitesi'nin hiz-yol-zam&onulari olgturmaktadir.
Etkinlik ayrica yine ilk@retim 6.sinif matematik programinda yer alan uzkialu
olcme, aitlik ve denklem ve doniiim geometrisini de icermektedir. Bu soyut
konular somut bir sekilde anlatilarak ve gercek gamla iliskisi kurularak
ogrencilerin fen ve matematik konularina olan tutumlagelistirilecektir.
Etkinliklerde probleme dayaliggenmeye dayali aktiviteler sunulacaktir.

Etkinli gin Suresi:

09:30 - 10:20 Problemin aciklanmasi

10:20 - 10:30 Ara

10:30 - 11:20 Uzunluk 6lcimi, Robotun programlasm
11:20 - 11:30 Ara
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11:30-12:20 Alinan yol ve zaman arasindakiilidisli carklar, Formuller

12:20 - 13:30 gle yemei

13:30 — 14:20 Robotlarin hizlarinin hesaplannadsgisik dislilerle tekrar
tasarlanan robotlarin hizlarinin élgimu

14:20 - 14:30 Ara

14:30 — 15:20 Elde edilen verilerin bilgisayataoninda grafiklerinin
hazirlanmasi

15:20 - 15:30 Ara

15:30 - 16:20 Yagma, Grup sunumlari, Ozet

Kullanilacak Malzemeler:

* Projeksiyon cihazi,

* Her bir grup icin robot seti,
* Bir adet mezura,

* Kronometre,

* Calsma k&di,

» Grafik Kagidi,

* Lego Mindstorms seti,

» Bilgisayar ve

* Yazicl.

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayisi3
Katilimci sayis124 (6 grup)

Problemin acgiklanmasiBir 6onceki etkinlikte yapfiimiz guvenlik robotu hirsizlari

yakalamak

icin bir a atmaktadir. Robotunuzun hirsizlari yakalayabilmiegn en azindan

hirsizlarin kgma hizina yakin bir hizda hareket etmesi gerekndekt®u nedenle bu

etkinlikte bir robotun hizini nasil 6lgegaizi 6grenmenin yani sira robotunuzun
degisik hizlarda hareket etmesini @ayici siurecleri grenmeniz gerekecektir. Size
verilen robotu kullanaraksagidaki etkinlikleri yapiniz.

A ile C arasindaki uzaklik 4 metredir.
Robotunuz sabit hizla hareket etmektedir.
AB arasindaki uzaklik AC arasindaki uzgkh 4 katidir.

Bu bilgilerden yararlanaraksagidaki sorularin cevabini robotunuzu kullanarak
bulunuz ve gagidaki tabloya yaziniz
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A noktasindaki robotun C noktasina varmasi iciregesiire ne kadardir?

A noktasindaki robotun B noktasina varmasi iciregesiire ne kadardir?

A noktasindan hareket eden robotun hizi kagc m/dage&km/saat’tir.Robotunuz icin
3 farkli deneme yapiniz ve ortalamaséeeri bulunuz ve ggidaki tabloya yaziniz.

Tablo 1. A Noktasindan hareket eden robot icin veri tablosu
B noktasina gelmesi icin gecen sir¢
(sn)
1.Dene | 2.Dene | 3.Dene | Ortala | 1.Dene | 2.Dene | 3.Dene | Ortala
me me me ma me me me ma

D

C Noktasina gelmesi i¢in gegen sire (sn)

Yukaridaki tablodan elde eitniz deserler igin yol — zaman grdii ¢iziniz ve bu
grafik Gzerinde targmalar yapiniz.

Yukaridaki tablodan elde eitniz ortalama dgerleri aagidaki tabloya yazarak her
iki robotun hizini hesaplayiniz.

Robot A — B Uzaklgi (m) | Gecgen Sure (S) Hiz= A-B
Uzakligl / Gegen
Sure

A Noktasindaki
Robot

Robotunuzun Hizinin deistirilmesi
Bu etkinlik i¢cin robotunuzun motor gucunuglgirerek hizini tekrar hesaplayiniz.

Tablo 1. A Noktasindan hareket eden robot icin veri tablosu

50% Gug¢ 100% Gii¢
1.Dene | 2.Dene | 3.Dene | Ortala | 1.Dene | 2.Dene | 3.Dene | Ortala
me me me ma me me me ma

Yukaridaki tablodan elde eitniz degerler icin yol — zaman grafi ¢iziniz ve bu
grafik Uzerinde targmalar yapiniz.

Yukaridaki tablodan elde eitniz ortalama dgerleri gagidaki tabloya yazarak her
iki robotun hizini hesaplayiniz.

Robot A — B Uzaklgi (m) | Gegen Sire (S) Hiz= A-B
Uzakligi / Gegen
Sure
50% Gug¢
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100% Giig

Etkinlik ile ilgili aciklamalar

Bu etkinlikte @renciler, ilk olarak bir dgru Uzerinde sabit siratle hareket eden
cisimlerin aldiklari yollari zamana 8la 6lcerek hizlarini hesaplar, alinan yol ve
gecen zaman grafiklerini yorumlar.

Robotun ileri hareket etmesi icin programlanmaRiobotu programlamalari icin
gereken komutlar grencilere projeksiyon cihazinda sunulur. Motor&igi& capta
dislilerin baglanmasi ve bunlar arasindaki oranlar, matematikdgiler isiginda
ogrencilere sunulur.

Uzunluk 6lcimiiOgrencilere mezura verilerek 4 metrelik bir cizgimigleri ve A —
C yol mesafesini hesapladiktan sonra yine mez@aul mesafeyisaretlemeleri
istenir. Buradaki basit matematik probleminden ylarsarak AC ve CB arasindaki
mesafeleri de grencilerin bulmasi istenir.

Yol — Zaman — Hiz gkisi: Ogrenciler A noktasindan hareket eden robotun C
noktasina ve B noktasina gi@asi icin ve motora gesik dislilerin takilmasi
durumunda gecen sireyi kronometre ile dlgmeleenist Daha sonra elde ettikleri
verileri Excel programi ile grafe dongturtp, bu grafiklerin yorumlanmasi istenir.
Buradaki grafgin sabit bir cizgi cikmasi beklenmelidir. Son tatdoverileri yerine
yazarak her iki robotun hizini bulmalari istenir.

Olcu birimlerinin birbirine dongimu Ogrencilerin robot hizlarini dgsik olcl
birimlerine ¢evirmeleri istenir. Orgén m/s, km/s v.s

Yarigma ve Grup sunumlarGruplarin kendilerine verilen gorevi yani beliHizda
hareket eden robot yapmalari istenir. Kronomeg@itilen sabit bir sire (30 saniye
gibi) boyunca robotun belirtilen hizda gitmesi ataagaktadir. Yagma 3 farkl hiz
icin tekrarlanir. Hatalarin sebepleri gata kaidindaki ilgili yere yorumlamalari
istenir. Hatalarin gruplar tarafindan skedilip ¢6zmeleri istenir. Gerelginde
egitmenler gruplara yardim ederler. Son olarak, tgraplar kendilerine verilen
projeyi sinifin énunde sunarlar. Bu kapsamda grupéan kendi robotlarinin nasil
calistigini gosterirler, hem degéendikleri fen ve matematik konularini yorumlarlar.
Ozet Kapangta, esitmenler bu etkinlikte slenen konulari 6zet bigekilde tekrar
ederler ve matematiktglénen bu konularin gercek hayatta nagsl yaradiklarini
ornek verip anlatirlar.
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E.5 The Fifth Day

Etkinlik Tarihi (Gun/Ay/Yil): 29/01/2010

Etkinli gin Adi: Sesin Yansimasi, Sensor Verilerinden Robotlarinekeemn
Sakinmasi ve Nesneleri Tanimasi

Hedef Kitle: ilkogretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koglart:

Etkinli gin Amaci: Gruplara robotlarinin engelden sakinmasi ve nesrtahimasi
gorevleri vererek ses dalgalarinin maddelerle ikiiini (yansima, sgurulma ve
gecme) gibi fen ve teknoloji konulari ile uzunhad denklemler gibi matematik
konularinda gagida belirtilen kazanimlari gercektemek ve bu konularin gercek

hayatta nasike yaradiklarini gérunur kilmak.

Ele Alinan Konunun flkégretim Programindaki Yeri

Ogrenme Alani Kazanimlar

Sesin her yonde dalgalar halinde
yayildigini fark eder (BSB-1).

Sesin bir engel ile karlastiginda
yansidgini deney ile kgfeder (BSB-1,
8, 17)

Bilim ve teknolojide sesin yansimasi
olayindan nasil yararlanifgina

Isik ve ses ornekler verir (FTTC-9, 16, 17; TD-3).
Madde ile kagilasan sesin
sogurulabilecgini fark eder (BSB-1).
Farkl maddelerin sesi farkl
sogurdusunu fark eder (BSB-1, 6).
Ses yalitiminda ve yanki glumunu
Onlemede, kullanilan malzemelerin sesi
iyi sogurduklarini fark eder (BSB-8, 30,
31; FTTC-32).
Esitli gin korunumunu modelle goésterir
ve aciklar.

Esitlik ve denklem Denklemi aciklar, problemlere uygun
denklemleri kurar.

Birinci dereceden bir bilinmeyenli
denklemleri ¢ozer.

Etkinli gin Konusu: Etkinligin konusuilkdgretim 6. sinif fen ve teknoloji
programinda yer alagik ve ses ile matematik programinda yer aktiileve
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denklemlerdir. Aktivitelerin daha etkgenli bir sekilde yapilma suretiylegiencileri
O0grenme slrecinde daha aktif bir konuma getirmekersldrde glenen kuramlarin
gercek hayatta nasil kullanilabilgo® gostermek icin robotlarin programlagdi
probleme dayali grenme yoluyla etkinlikler gerceldgrilecektir.

Etkinli gin Suresi:

09:30 — 10:20 Problemin agiklanmasi, Robotu mnaodgmanin gretilmesi
10:20 — 10:30 Ara

10:30 - 11:20 Engellerden sakinma. Uzaklik, sesinve zaman arasindaki
ili ki

11:20 - 11:30 Ara

11:30 - 12:20 Nesnelerin ayirt edici 6zellikl&tgsnelerin taninmasi,
Yarisma )

12:20 - 13:30 cle yemei

13:30 - 14:20

14:20 — 16:20 ODTU Bilim ve Teknoloji Miizesine £5e

Kullanilacak Malzemeler:

Projeksiyon cihazi

Her bir grup icin bir adet mezura, gaha kaidi, Lego Mindstorms seti, bilgisayar,
engel gorevi gorecek kitap

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayis

Katilimci sayisi124 (6 grup)

Problemin agiklanmas@Ogrenciler, daha 6nceki aktivitelerde bazi 6zellikier
yaptiklari robotlarini gejtirmeleri istenir. Bu aktivitede, robota engeldakimma ve
belirli bir nesneyi tanima nitelikleri eklenmesirgkmektedir. Robotun gorev agg
glvenlik kapisinda 6niine insanlar cikabilir. Roldbu engellerle karastiginda
durup geri donmesi istenmektedir. Bunun yanindaeglik kapisina bazen guvenlik
kukalari birakilmaktadir. Robotun bu kukalara tamsngerekmektedir. gencilere
once karanlk mgaralarda yarasalarin duvarlara vgetiyarasalara carpmadan nasil
uctuklari sorulur. Cevaplar sinifca tartir. Yarasanin bu 6zeflinin robotlara
uygulanabilip uygulanamayagiahakkinda @rencilerin gorileri dinlenir. Daha
sonra, @rencilerin gozlerini kapatmalari istenir ve ellexibazi nesneler verilir. Bu
nesnelerin taninmasi istenir. Taningamini nasil yaptiklari grencilere sorulur.
Bunun, robotlara nasil uygulanabilgceartisilir.
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Figure E.6Guvenlik robotu ultrasonik sensori ile nesneledakligini dlgerken

Robotu programlamaningdetilmesi.Robotun uzakfia duyarli ultrasonik
sensorinden verilerinin okunmasi icin gereken kdésndgrencilere projeksiyon
cihazinda sunulur.

Engellerden sakinmdder bir @Grenci grubuna bir adet Lego Mindstorms seti,
mezura, ¢caéma kadi verilir. Ayrica engel olarak bir nesne verilruplarin
robotlarinin kagisina ¢ikan engel cilgi zaman geri donmesini programlamasi
istenir. Zorluk ceken gruplara destek verilir.

Uzaklik, sesin hizi ve zaman arasindakkiliOnce uzaklik, sesin hizi ve zaman
arasindaki ifki grup icinde tartilmasi istenir. Sonra gruplara bukiyi gésteren
denklemi yazmalari istenir. Son olarak dameicilere, ultrasonik sensoriin yagdi
sesin kag saniyede renkli naylona carpip geri dgagiorulur grenciler, naylon ile
sensor arasindaki uzakini ve sesin hizini bilmektedir. Yapmalari geretadn
bilinmeyenli bu denklemi ¢6zmektir. Gruplarin celapkasilastirilir.

Nesnelerin ayirt edici 6zelliklerGruplara farkli renge sahip iki farkl renkte kita

verilir. Ogrencilerden robotlarinin bu farkli renkteki kitaplaasil ayirt edebilegg
sorulur.
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Nesnelerin taninmasGruplara, robotlarinin farkli renkteki kitaplaantmasi icin
Istk sensorini nasil kullanabilecekleri anlatilirhBaonra grenciler gerekli
programi yazmaya koyulurlargEmenler bu siurectegbencileri yonlendirirler.

Yariyma ve Grup sunumlarGruplarin kendilerine verilen gorevi yani robotfan
karsisina bir engel ¢ikinca durup geri donmesi ve fagkikteki kitaplari ayirt etmesi
istenir. Yarsma 3 defa ayri renklere sahip kitaplar i¢in telaant. Tim gruplar
kendilerine verilen projeyi sinifin 6niinde sunarBw kapsamda gruplar hem kendi
robotlarinin nasil ¢catigini gosterirler, hem degéendikleri konulari yorumlarlar.

Ozet Kapangta, esitmenler bu etkinlikteslenen konulari 6zet biekilde tekrar
ederler ve okuldssienen bu teorik konularin gercek hayatta nasilyaradiklarini
ornek verip anlatirlar.

ODTU Bilim ve Teknoloji Miizesi'ne ge@DTU Bilim ve Teknoloji Miizesi'ne gezi
diizenlenecektir.
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E.6 The Sixth Day

Etkinlik Tarihi (Gun/Ay/Yil): 01/02/2010
Etkinli gin Adi: Robotlarin Cizgilerizlemesi
Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci:
Bu etkinlikte robotlarin belirli bir cizgiyi izleyglmeleri icin gerekli tasarim ve
programlari yapmalari genacaktir.

Etkinli gin Konusu:

Bu etkinligin konusunugik sensoérleri olgturmaktadir. Bu sensorlerin robotlara nasil
adapte edilege@ ve nasil programlanaga 6gretmenler tarafindan anlatilacaktir.
Ogrenciler igin soyut konular somut biekilde anlatilarak ve gercek samla iliskisi
kurularak robotlarin gunlik yamdaki ve endustriyel alanlarda kullanim prensipler
anlatilmaya cagtlacaktir. Etkinliklerde probleme dayalg@nmeye dayali aktiviteler
kullanilacaktir.

Etkinli gin Suresi:

09:30 - 10:20 Problemin agiklanmasi

10:20 - 10:30 Ara

10:30 - 11:20 Robotun belli bir ¢izgide ilerlenmesaslamasi igin gerekli
programlarin yapiimasi

11:20 - 11:30 Ara

11:30-12:20 Belirli bir saha Uzerinde robotzleyecei cizgilerin
belirlenmesi vesik sensorlerinin kullaniimasi

12:20 — 13:30 €le yemei

13:30 - 14:20 Robotalk sensorinin yerérilmesi ve robot-sensor
arasindaki igkilerin kurulmasi

14:20 — 14:30 Ara

14:30 - 15:20 Tasarlanan robotun denemesi

15:20 - 15:30 Ara

15:30 — 16:20 Yagma, Grup sunumlari, Ozet

Kullanilacak Malzemeler:
* Projeksiyon cihazi,

e Siyah elektrik bandi

* Calsma k&di,

* Lego Mindstorms seti,
» Bilgisayar ve

* Yazicil.
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Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayis3
Katilimci sayisi124 (6 grup)

Problemin agiklanmasiBir haftaligina tatile ¢gikmayi planhyorsunuz. Son iki hafta
icerisinde ise evinizin bulungu bdlgede cgtli hirsizlik olaylarinin ygandgini
duydunuz. Bir onceki etkinlikte hazirlagnoldusunuz givenlik robotunun evinizde
belli saatlerde ve belli bdlgelerinde ses cikaramélagmasini istiyorsunuz.
Bdoylelikle hirsizlarin evin bo olmadgini anlayarak evinizde hirsizlik amaciyla
girmemesini sglayacaksiniz. Bu nedenle krokisiagida verilen evinizin icerisinde
robotunuzun belli cizgileri izleyebilmesi igin g&te programlamayr yapmaniz
gerekmektedir.

Figure E.7Guvenlik robotu ev plani

Robotunuzun bitin odalari, mutfak ve banyoyu go&esi gerekmektedir. Buna
uygun cizgileri ¢izerek robotunuzun bu cizgiler timde hareket etmesini @ayiniz.

Etkinlik ile ilgili aciklamalar

Etkinlik 6ncesi:

Bu etkinligin 6ncesinde rehbergtetmenler bir ders sunusu yaparak robotlarda
kullanilan sonar, lazer, kizilotesi gibi bazi gbrsistemleri tanitir. Bu sistemlerin
benzerliklerini ve farkhliklarini anlatir. sik sensérinin robota nasil adapte
edilecgini ve nasil programlanagmi gosterir. §ik sensorinde katasilan
guclukler ile ilgili sorunlarin nasil ¢ozulebilegiai anlatir.

Ogrenciler ise, bir 6nceki etkinlikte tasarlanan giiile robotunun belirli bir cizgiyi
takip edebilmesi icin gerekli programlama Uzeringiisirlar. Bu cizgileri takip
etmeyi s@layacak olansik sensoril Uzerinde cahlar ve sensorin robota eklenmesi
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icin gerekli tasarimi yaparlar.

Robotun c¢izgiyi takip edebilmesi i¢cin programlanm&obotu programlamalari icin
gereken komutlar grencilere projeksiyon cihazinda sunulur. Sensotransma
prensibi ve NXT arasindaki uyum projeksiyon yardileibgrencilere sunulur.

Yarisma ve Grup sunumlar8 farklh cizginin izlenmesi icim 3 farkh yama yaplilir.

Cizgqileri izleyerek hedefe en hizli g&n grup yagmayi kazanir. Busamaya kadar
olan surecte karasilan zorluklar not alinarak gruplarin hep birlike sorunlarin
nasil cozuilebileggéne iliskin tartsma yapmaklar istenir. Gerefinde eitmenler

gruplara yardim ederler.

Ozet.Kapansta, esitmenler bu etkinlikteslenen konulari 6zet bigekilde tekrar

ederler ve yapilan bu etkigin gunlik ve endustriyel alanlarda nasil
kullanildiklarina ilskin érnekler verirler.
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E.7 Project Days

Etkinlik Tarihi (Gun/Ay/Yil):  02/02/2010 - 04/02/2010

Etkinli gin Adi: Projenin Verilmesi ve Proje Uzerinde Gruplarin gahsi

Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci: Gruplara acik uclu bir proje vererefréncilerin yaraticiliklarini
tetiklemek, problem ¢6zme, analitik @inme ve grup halinde ¢gina becerilerini
artirmaktir. (grenciler bu etkinlikte kendi robotlarini ggilrebildiklerini gorecekler
ve bu sayede de kendilerine olan 6zguvenleri ataca

Etkinli gin Konusu: Bu etkinlikte &rencilerin gruplariyla yapmalari gereken bir
proje verilir. Proje gruplarindan bir sinifin zenma rasgele birakilrgikola
kutularinin toplayip ¢op tenekesine atan bir rofaggmalari istenir. Robotun belirli
bir zaman icinde ¢ok fazla sayida kola kutularip tenekesine atmasi gerekir Bu

zaman i¢inde en fazla kola kutusu toplayan robelistgen grup yagmayi kazanir.

Etkinli gin Suresi:

09:30 - 10:20 Projenin verilmesi

10:20 - 10:30 Ara

10:30 - 11:20 Proje Uzerinde Gruplarin gahsi
11:20 - 11:30 Ara

11:30-12:20 Proje Uzerinde Gruplarin gaksi
12:20 - 13:30 ¢le yemei

13:30 — 14:20 Proje Uzerinde Gruplarin gahsi
14:20 — 14:30 Ara

14:30 — 15:20 Proje Uzerinde Gruplarin gahsi
15:20 - 15:30 Ara

15:30 - 16:20 Proje Uzerinde Gruplarin gaksi

Kullanilacak Malzemeler:
Projeksiyon cihazi ve her bir grup igin bir adetzme, Lego Mindstorms seti,
bilgisayar

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayis

Katilimci sayis124 (6 grup)

Projenin veriimesiYukarida belirtilen proje grencilere duyurulur. €rencilerin
sorulari cevaplanir.
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Proje Uzerinde gruplarin ¢caglmasi. Gruplar projeleri Gzerinde cairlar.
Ogrencilerin problem uizerinde sistematik {gikilde calsmalari icin gruplarin
problemi analiz etmeleri ve kendi ¢6zum 6neriletasarlamalari, galirmeleri ve
degerlendirmeleri istenecektir. gencilerin bu surecleri takip etmelerini garantiye
almak icin siire¢ sonunda kisa raporlar (analizmagdi) hazirlamalari istenir.
Ogrencilerin baarisizliktan dolay ilgilerinin azalmamasi igigrénciler
ylreklendirilip desteklenir ve gereken yardim valgidirme sglanir. Gsrencilerin
grup icinde proje tzerinde yapici bekilde tartgmalarini sglamak icin @retmenler
gerektginde sorular (kola kutularini robot nasil ergdove en hizli bigekilde
algilar gibi) soracaktir. g@rencilerin ilgi alanlarina ve becerilerine géreeeiginde
projelerinde belirli gbrevler (yazilimci, tasaringgli) verilecektir.
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E.8 The Last Day

Etkinlik Tarihi (Gun/Ay/Yil): 05/02/2010

Etkinli gin Adi: Proje Sunumlari ve Hediyelerin Verilmesi
Hedef Kitle: ilkdgretim 6. siniflar

Etkinli gi yaptiracak kisi(ler):

Takim koclart:

Etkinli gin Amaci: Kampin son gininde gerceftielen yarsmada @rencilerin
centilmence rekabet etmelerirgrénmelerini ve dier gruplarin yap# projeleri
gorerek cok yonllu diiinmelerini sglamaktir. Kampin sonunda sertifika verilerek
ogrencilerin konuya ilgilerini artirmaktir. gencilerin sunum yapmalarina imkan
vererek sunum yapma ve bir toplum dninde koraubecerilerini artirmaktir.

Etkinli gin Konusu: Bu etkinlikte gruplar yaptiklari robotlari tim sizurunda
sergilerler. Gruplar daha sonra bu kampgteeddiklerini, robot konulariyla derslerde
isledikleri konulari nasil ikkilendirdiklerini, okulda gérulen bu konularin gek;
hayatta nese yaradiklarini projektdrden sunarlar. Tupgngncilere kampa
katildiklarini belgeleyen bir katilim belgesi verilTum Gzrencilere kampa
katilimlarindan dolay! hediyeler (kitap, kalem, agygibi) verilir.

Etkinli gin Suresi:

09:30 - 10:20 Proje sunumlari

10:20 - 10:30 Ara

10:30 - 11:20 Proje sunumlari

11:20 - 11:30 Ara

11:30-12:20 Proje sunumlari

12:20 - 13:30 gle yemei

13:30 — 14:20 Son testlerin uygulanmasi
14:20 — 14:30 Ara

14:30 — 15:20 Sertifikalarin ve dereceye girenfgillerinin verilmesi
15:20 - 15:30 Ara

15:30 — 16:20 Kapag|

Kullanilacak Malzemeler:

Projeksiyon cihazi

Her bir grup icin Lego Mindstorms seti, bilgisayar

Etkinli gin Nasil Yapildigi (Rehber sayisi, katilimci sayisi, senaryaiariimi s
ayrintili uygulama plani vs.):

Rehber sayis

Katilimci sayisi124 (6 grup)

Yariyma ve Proje sunumlarGruplar yaptiklari robotu sergilerler. Robot belir
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zaman icinde rasgele gialmis kola kutularini hizla ¢ép kutusuna atmasi
gerekmektedir. Cope atilginer bir kola kutusu igin gruplar puan alir. Robath
performanslari gosterildikten sonra, gruplar problaasil analiz ettiklerini, ne gibi
bir ¢bzim Onerisi tasarlayip gglrdiklerini tim sinifa projektdrden sunarlar. Son
olarak da kamptagiendiklerini, robot konulariyla derslerdgadikleri konulari nasil
ili skilendirdiklerini, okulda gdrulen bu konularin gekchayatta nese yaradiklarini
anlatirlar.

Son testlerin uygulanmason testler uygulanir.

Sertifikalarin ve hediyelerin verilme$dgrencilere kampa katildiklarini belgeleyen
sertifikalar d&itilir ve ¢grencilere hediyeler verilir.

Kapany. Kampin websitesinin adresgi@ncilere iletilir. Eitmenlerle @rencilerin

iletisimlerini devam ettirmek icin e-posta adreslergigdir. O grencilerden kamp
hakkinda donutler alinir. Son olarak daencilerle vedalalir.
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APPENDIX F

ACTIVITY SHEET

Grup Adr:

CALISMA KAGIDI

GUNUN YARISMASI: 3 farkli tekerlek igin 2 metre ileri giden robot
yapimi

Soru 1: Robotun aldigi yol ile tekerleginin gevresi arasinda ne gibi bir iligki
olabilir?

Soru 2: Robotunuz 50 c¢cm yol almast igin her bir tekerlek kag tur atmalidir?
Kiiclik tekerlek: , Orta tekerlek: , Blyiik tekerlek:

Soru 3: Yol, tekerlegin gevresi ve turu arasindaki iliskiyi gésteren denklem
nedir?

Soru 4: 2 metre kag santimetredir?
2m = cm

Soru 5: Her bir tekerlegin gapi nedir?
Kiigiik tekerlek: , Orta tekerlek: , Biyiik tekerlek:

Soru 6: Tekerleklerin gevresini gapina béliiniz.
Kiiglik: Cevre = , Orta: Cevre = , Biiyiik: Cevre =
Cap Gap Gap
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Soru 7: Tekerlegin gevresi ve ¢api arasindaki iliskiyi gosteren denklem
nedir?

YARISMA: 3 farkli tekerlek igin 2 metre ileri giden robot yapin.
Tekerlekler kag ftura programlanmalidir?
Kiiglik tekerlek: , Orta tekerlek: , Blyik tekerlek:
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APPENDIX G

ACTIVITY SHEET

Grup Adr:

CALISMA KAGIDI

GUNUN YARISMASI: 3 farkli tekerlek arasi mesafe igin 2 metre ileri gidip
geri gelen bir robot yapimi

Soru 1: Robotu 180 derece dondiirmek igin tek bir tekerlek kag tur
atmahdir?
Kisa mesafe: , Orta mesafe: , Uzun mesafe:

Soru 2: Diinkii aktivite kagidini kullanarak her bir tekerlegin kat ettigi yolu
bulunuz?
Kisa mesafe: , Orta mesafe: , Uzun mesafe:

Soru 3: Tekerlekler arasindaki mesafe nedir?
Kisa mesafe: , Orta mesafe: , Uzun mesafe:

Soru 4: iki tekerlek arasindaki farkli mesafe ile tek bir tekerlegin kat ettigi
yol arasindaki iliskiyi gosteren denklem nedir?

YARISMA: 3 farkli tekerlek arasi mesafe igin 2 metre ileri gidip baslangig
noktasina geri donen robot yapin. Tekerlekler ileri ve geri hareketi igin kag
tura programlanmalidir? Tekerlekler 180 derece donmesi igin kag tura
programlanmahdir?

Ileri ve Geri hareket icin;
Kisa mesafe: , Orta mesafe: , Uzun mesafe:
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Tekerleklerin 180 derece donmesi igin;
Kisa mesafe: , Orta mesafe: , Uzun mesafe:
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APPENDIX H

ACTIVITY SHEET

Grup Adr:

CALISMA KAGIDI

A ile C arasindaki uzaklik 2 metredir.
Robotunuz sabit hizla hareket etmektedir.
AB arasindaki uzaklik AC arasindaki uzakhgin 4 katidir.

Bu bilgilerden yararlanarak, asagidaki sorularin cevabini robotunuzu
kullanarak bulunuz ve asagidaki tabloya yaziniz

Soru 1: A noktasindaki robotun C noktasina varmasi igin gegen siire ne
kadardir?

Soru 2: A noktasindaki robotun B noktasina varmasi igin gegen siire ne
kadardir?

Soru 3: A noktasindan hareket eden robotun hizi kag m/sn ve kag
km/saat'tir. Robotunuz igin 3 farkl deneme yapiniz ve ortalama degerleri
bulunuz ve asagidaki tabloya yaziniz.
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C Noktasina gelmesi icin gecen stire (s

5N)

B noksagehimesi icin gecen stire (s

)

1.Deneme 2.Deneme 3.Denen¥e Ortalar

na 1.Deneme 2riee

ne3.Deneme Ortalamg

Soru 4: Yukaridaki tablodan elde ettiginiz degerler igin yol - zaman grafigi

Giziniz

Soru 5: Yukaridaki tablodan elde ettiginiz ortalama degerleri asagidaki
tabloya yazarak her iki robotun hizini hesaplayiniz.

Robot A — B Uzakigl (m)

Gecen Sdre (sn)

Hiz= A-B Uzaklgi
| Gecen Sire

A-B Arasinda
Hareket Eden

Robot

Hiz = m/ sn

Robot A — C Uzakfi (m)

Gecen Sdre (sn)

Hiz= A-C Uzaklgi
| Gegen Sire

A-C Arasinda
Hareket Eden
Robot

Hiz = m/ sn

Soru 6: Bu etkinlik igin robotunuzun motor giiciinii degistirerek hizini tekrar

hesaplayiniz.

50% GG

100% Giig

1.Deneme 2.Deneme 3.Denen¥e Ortala

na 1.Dengme 2riee

nhe3.Deneme Ortalamg

Soru 7: Yukaridaki tablodan elde ettiginiz ortalama degerleri asagidaki
tabloya yazarak her iki robotun hizini hesaplayiniz.

A~ Uzakty (m) | Gegen ire (9| i A8 07K
50% Giig
100% Giig
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YARISMA: Gruplardan belirli hizda hareket eden robot yapmalari istenir.
Kronometre ile 6lgiilen sabit bir siire (10 saniye gibi) boyunca robotun

belirtilen hizda gitmesi amaglanmaktadir. Yarisma 3 farkli hiz igin
tekrarlanir.
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APPENDIX |

ACTIVITY SHEET

Grup Ad::

CALISMA KAGIDI

GUNUN YARISMASI: Robotlarin kargisina bir engel gikinca durup geri
dénmesi ve farkh renklerdeki kitaplari ayirt etmesi. Yarisma 3 defa farkl
renklere sahip kitaplar igin tekrarlanir.

Soru 1: Robota bagli ultrasonic sensériin oniine degisik uzaklikta kitap

cetsee oo

karsilastirin.

Kitap ile sensor arasindaki uzakhk | Ultrasonic sensoriin ol¢iim degeri

Soru 2: Ultrasonic sensor uzakligi sizce nasil buluyor olabilir?

Soru 3: Ultrasonik sensoriin yaydigi ses kag saniyede engele ¢arpip geri
donmektedir? (Sesin hizi = 340 m / sn)
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Soru 4: Uzaklik, sesin hizi ve zaman arasindaki iligkiyi gésteren denklem
nedir?

YARISMA: Robotlarin karsisina bir engel gikinca durup geri dénmesi ve
farkh renklerdeki kitaplari ayirt etmesi. Yarisma 3 defa farkli renklere
sahip kitaplar igin tekrarlanir.
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APPENDIX J

ACTIVITY SHEET

CALISMA KAGIDI

Soru 1: Robotun aldigi yol ile tekerleginin gevresi arasinda ne gibi bir
iligki olabilir?

Soru 2: Robotunuz 50 cm yol almasi igin her bir tekerlek kag tur
atmalidir?

Kiglk tekerlek: , Orta tekerlek: , Bliylik tekerlek:

Soru 3: Yol, tekerlegin gevresi ve turu arasindaki iliskiyi gosteren
denklem nedir?

Soru 4: 1 metre kag santimetredir?

Im = cm
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Soru 5: Her bir tekerlegin ¢api nedir?

Kiigiik tekerlek: , Orta tekerlek: , Bliylik tekerlek:

Soru 6: Tekerleklerin gevresini gapina béliiniiz.

Kiglk: Cevre = ,  Orta: Cevre = . Biytk: Cevre =
Cap Cap Cap

Soru 7: Tekerlegin gevresi ve gapi arasindaki iliskiyi gosteren denklem

nedir?

Soru 8: 3 farkl tekerlek igin 1 metre ileri giden robot yapin. Tekerlekler

kag tura programlanmalidir?

Kiglk tekerlek: , Orta tekerlek: , Bliylik tekerlek:

Yarigap | Cap |
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yari gap cap

X 2 =

cap pi cevre
X 314 | =

cevre tur sayisi uzaklhik
x pr—
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APPENDIX K

SIMPLE ROBOT DESIGN

Figure E.8Finished simple robot design
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Ters Cevirin

Figure E.9Simple robot desing tutorial
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Figure E.10Simple robot design tutorial
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Ters Cevirin

Figure E.11Simple robot design tutorial
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Figure E.12Simple robot design tutorial

261



17

&-

1x 1x

Figure E.13Simple robot design tutorial

Kablolari da takinca

ROBOTUNUZ HAZIR
©0O
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APPENDIX L

CODING COMPARISON

Table L.1

Coding comparison

Agreement Not A and Dis- Aand B and

Node Source Kappa %) A and B (%) Not B (%) agreement NotB NotA
(%) (%) (%)

Coaching Kamp.I.14 0,323 86,82 3,79 83,03 13,18 13,14 0,03
Outcomes\ Hint Kamp.I.14 0 86,86 0 86,86 13,14 0 13,14
Coaching Kamp.I.04 0,3045 90,23 2,43 87,8 9,77 9,77 0
Competition\ Positive Kamp.I.27 10,2982 90,57 2,27 88,3 9,43 0 9,43
Competition\ Positive Kamp.I.13 0 90,64 0 90,64 9,36 9,36 0

Competition\ Desire to be the first Kamp.l.27 0 90,81 0 90,81 9,19 9,19 0
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Table L.1 (continued)

Group\ Group problems)\ Little not important
Outcomes\ Discovery learning

Group\ Group problems\ Solutions\ Bluff
Outcomes)\ Learning with fun

Coaching

Outcomes\ Math\ Math reinfoced

Outcomes\ Science\ Science reinforced
Group\ Group size\4 is fine

Competition\ Negative

Group\ Group problems\ Solutions\ Task sharing
Activity Sheets\ Learned better

Activity Sheets\ Review

Usage in formal education\ Technology design course
Group\ Group problems

Technical problems\Robot loses its mind
Group\Gender\I prefer all girls
Group\Gender\I prefer all boys\I blush
Activity Sheets\ Learned new things
Competition\ Tournament event

Group\ Group problems\ Not interested
Outcomes\ Robotic\Robot Mechanic
Outcomes\ Discovery learning

Group\ Gender \ Mixed is better

Outcomes\ Robotic\Sensors - GSD

Kamp.1.04
Kamp.I.13
Kamp.I.13
Kamp.I.04
Kamp.I.16
Kamp.I.14
Kamp.I.14
Kamp.I.04
Kamp.I.14
Kamp.I.27
Kamp.1.27
Kamp.1.27
Kamp.I.16
Kamp.I.27
Kamp.I.27
Kamp.I.13
Kamp.1.04
Kamp.I.13
Kamp.I.14
Kamp.L.16
Kamp.I.13
Kamp.L.16
Kamp.1.27
Kamp.I.13

92,12
92,6

92,96
93,3

93,33
93,88
93,88
93,95
93,96
94,32
94,39
94,39
94,49
94,96
95,09
95,49
95,61
95,68
96,05
96,34
96,34
96,35
96,37
96,46

o O O

90,37
92,6

92,96
93,3

90,76
93,88
93,88
91,97
93,96
94,32
94,39
94,39
91,58
94,96
95,09
95,49
94,11
92,88
96,05
92,28
96,34
96,35
96,37
96,46

7,88
7,4

7,04
6,7

6,67
6,12
6,12
6,05
6,04
5,68
5,61
5,61
5,51
5,04
4,91
4,51
4,39
4,32
3,95
3,66
3,66
3,65
3,63
3,54

7,88
7,4

7,04
6,7

6,67
6,12
6,12
6,02
6,04

5,61
5,61
5,51
5,04
491
4,51
4,39
2,55

3,66

3,63
3,54

O O O O O O O Ul OO O oo o o o o

—_
~

W
O
Q1 N

7

o

3,66
3,65




G9¢

Table L.1 (continued)

Group\ Group size\3 is Fine

Group\ Group problems\ Group member
Group\ Gender \ Mixed is better

Activity Sheets\ Learned better

Technical problems\Battery

Group\ Gender\I prefer all girls
Technical problems\ Sensors

Outcomes)\ Learning with fun
Outcomes)\ Learning from manual
Group\ Group problems\ Want to do more
Outcomes\ Robotic\ Programming
Activity Sheets\ Like quiz

Activity Sheets\Math related

Technical problems\Robots' memory shortage
Difficulties\ Combining

Difficulties\ Programming

Competition\ Positive

Coaching

Group \ Group problems\ Solutions
Demographics\ Lego experience\No
Difficulties\ Programming

Activity Sheets\ Learned better

Activity Sheets\ Review

Group\ Gender\I prefer all boys

Kamp.I.13
Kamp.I.13
Kamp.L.16
Kamp.I.04
Kamp.I.13
Kamp.1.27
Kamp.1.27
Kamp.I.13
Kamp.I.27
Kamp.I.13
Kamp.I.14
Kamp.I.16
Kamp.I.16
Kamp.L.16
Kamp.I.14
Kamp.I.14
Kamp.1.04
Kamp.I.13
Kamp.I.16
Kamp.I.04
Kamp.I.27
Kamp.L.16
Kamp.I.16
Kamp.1.04

96,58
96,63
96,67
96,7

96,77
96,84
96,87
96,92
96,96
96,99
97,05
97,1

97,1

97,32
97,34
97,34
97,38
97,71
97,77
97,84
97,9

97,91
97,91
97,93

o w o
e}
al

~

©C O OO0 OO0 o0 oo oo
o
(o)}

96,58
96,63
94,11
96,7

95,47
96,84
96,87
92,7

96,96
96,99
93,1

97,1

97,1

97,32
97,34
97,34
97,38
97,71
97,77
97,75
97,24
97,91
97,91
97,93

3,42
3,37
3,33
3,3

3,23
3,16
3,13
3,08
3,04
3,01
2,95
2,9

2,9

2,68
2,66
2,66
2,62
2,29
2,23
2,16
2,1

2,09
2,09
2,07

3,42
3,37
3,33
3,3

3,23

3,08
3,04

2,66
2,62

2,23
2,16
2,1

2,09
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Table L.1 (continued)

Activity Sheets\Math related

Usage in formal education\ Technology design course

Demographics\ Lego experience\ Yes
Activity Sheets\Note - remember
Outcomes\Robotic\Robot Mechanic

Group \ Group problems\ Solutions\ Task sharing

Group\ Group size\3 is Fine
Demographics\ Lego experience\ Yes
Coaching

Difficulties\ Combining
Outcomes\Math\ Circumference - pi
Outcomes\ Robotic\ Programming
Group\ Group size\3 is Fine
Difficulties\ Programming
Demographics\ # of bros & sis\3
Group\ Group size\3 is Fine
Competition\ Negative

Outcomes\ Career

Demographics\Lego experience\ Yes
Usage in formal education\Math course
Outcomes\ Social skills\ Losing Winning Case
Technical problems)\Battery charger
Difficulties

Demographics\Father's job\ Tradesman

Kamp.I.13
Kamp.I.13
Kamp.I.14
Kamp.I.04
Kamp.1.04
Kamp.1.04
Kamp.I.14
Kamp.L.16
Kamp.I.27
Kamp.I.27
Kamp.I.16
Kamp.1.04
Kamp.1.27
Kamp.I.04
Kamp.I.04
Kamp.I.04
Kamp.1.04
Kamp.I.13
Kamp.I.13
Kamp.I.27
Kamp.L.16
Kamp.I.14
Kamp.1.04
Kamp.1.14

0,8551
0,5293

0,512

0,7301
0,4517
0,9234
0,789

0,4429
0,616

0,8175

0,0471
0,8599
0,7606
0,7935
0,8157

0,798

0,6048

98,26
98,28
98,34
98,38
98,57
98,64
98,66
98,67
98,69
98,69
98,72
98,73
98,79
98,8

98,88
98,88
98,91
98,92
98,93
99,01
99,2

99,23
99,29
99,31

5,47
0,96

0,77

1,87
0,56
8,79
2,55
0,52
1,05
2,82

0,03
3,51
1,77
2,12
2,27

1,56

0,53

98,26
92,81
97,38
98,38
97,8

98,64
96,79
98,11
89,9

96,14
98,2

97,68
95,97
98,8

98,85
98,88
95,4

97,14
96,82
96,74
99,2

97,67
99,29
98,78

1,74
1,72
1,66
1,62
1,43
1,36
1,34
1,33
1,31
1,31
1,28
1,27
1,21
1,2

1,12
1,12
1,09
1,08
1,07
0,99
0,8

0,77
0,71
0,69

1,74
1,72
1,66

0,36

1,34
1,33
0,66
0,64
1,28
0,49

1,12

1,09

1,07
0,99

0,77
0,71
0,65

1,62
1,06
1,36

0,66
0,67
0,78
1,21
1,2

1,12

1,08

0,03
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Table L.1 (continued)

Demographics\Father's job\ Worker
Demographics\ Mother's job\ Housewife
Demographics\Mother's job\ Working
Demographics\ # of bros & sis\3
Outcomes)\ Career

Outcomes\ Friendship

Activity Sheets\ Learned new things
Demographics\Mother's job\ Working
Demographics\ Father's job\ Tradesman
Demographics\Mother's job\ Working
Competition\ Positive

Demographics\ Father's job\ Officer
Outcomes\ Robotic\ Programming
Demographics\ Mother's job\ Housewife
Activity Sheets

Activity Sheets

Activity Sheets

Kamp.I.13
Kamp.I.27
Kamp.I.14
Kamp.L.16
Kamp.1.04
Kamp.1.27
Kamp.I.14
Kamp.I.13
Kamp.I.04
Kamp.I.04
Kamp.I.14
Kamp.I.16
Kamp.I.13
Kamp.L.16
Kamp.I.04
Kamp.I.13
Kamp.1.14

0,7134
0,4827
0,6349
0,5804

0,8924
0,901

0,7325
0,6782
0,9686
0,9969
0,9713
0,9876
0,9892

99,35
99,43
99,43
99,46
99,5
99,58
99,61
99,64
99,76
99,97
99,98
99,98
99,98
99,99
100
100
100

0,83
0,27
0,5

0,38

1,78
1,84
0,5

0,25
0,43
2,88
0,35
0,69
0,47

98,52
99,16
98,94
99,08
99,5
97,8
97,77
99,14
99,51
99,54
97,1
99,63
99,29
99,52
100
100
100

0,65
0,57
0,57
0,54
0,5

0,42
0,39
0,36
0,24
0,03
0,02
0,02
0,02
0,01

0,65
0,57

0,54
0,5

0,42
0,39
0,36
0,24
0,03
0,02

o O O O O

U1
|

O O O O O O oo o o

o

0,02
0,02
0,01

Note: Table is sorted by agreement coloummyéist 465 row of the table is omited bacause 0f%®&agreement.



APPENDIX M

SAMPLE ROBOTICS CAMP CURRICULUM

A sample robotic curriculum is presented in thistie®; the curriculum was

designed based on the results of the study andrierpes of the researcher. The
camp goes from 9:30 to 15:20, two weeks Mondayrdaly. There should be six
groups and each group should consist of thiegréde children.

Different from the previous camps, this camp wil supported with a web page.
Firstly the web page should contain tutorials abloadv to combine and program
Lego Mindstorms NXTs. Secondly, each group will iago web site and they get
their missions from that web page via multimediaafTis they will watch a short
movies explaining or giving clues about the missioWhen they achieve a mission,
they will enter the result of the measurement aode they get from the work area
when they achieve the specific objective, intoweb page then they going to pass
next mission. Like video games but they achievesioms at real world with the

robots.

The whole camp based on a story. The moon stafiea Figure M.2) which consist
of three separate buildings which are base, powetral unit and rector have hit by
meteor storms. Because of radiation leak, onlybdmse station is safe, the conditions
of the other two bases are unknown. Therefore,trolb@ams will constitute and be
trained about new robotic sets Lego Mindstorms NXiffer their training, the teams
will send to moon base station and their objects/¢grogramming and designing

their robots, to reach other two stations andHix problems.
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For each groups, LEGO MINDSTORMS Education NXT BaSet, LEGO
MINDSTORMS Education Resource Set and a computkro@irequired. For each
group work area should be prepared (Figure M.2)rddeer, for the one activity

magnetic sensors will be required.

REACTOR

POWER
CONTROL
UNIT

Figure M.1Moon Station

REACTOR

POWER
CONTROL
UNIT

Figure M.2Work Area
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Like the second camp, the first three days of @ will be allocated to robotics
and programming. Different from the second campXTNData Logging” will be
emphasized because the children will use robot&tscollector in missions. Later,

the children will interpret that data on the conguut

M.1 The First Day

09:30 — 10:20 Introduction

10:30 — 11:20  Discussion on robots
Short movies about Lego Mindstorms NXT

Drawing my imaginary robot

11:30 - 12:20 Discussion on programming
Programming drama - algorithm

12:30 -13:20 Lunch break

13:30 - 14:20 Introduction to Lego Mindstorms NX&ftss
Components of Lego Mindstorms NXT sets

14:30 — 15:20  Creating simple robots (Appendix K)
Programming on NXT screen
Packing up

The focus of the first day of the camp will be aduction. The story of the camp
will be told. They will learn that they will take three days robotics education and
their mission is programming their robots to sotkie problems of Moon Station.
The children will introduce programming and LegonBlistroms NXT sets and these
two concepts are new for them. Therefore beforg gtart to programming and
building their own robots the children should feehfidence about the camp. With
the discussion and activities the children shouldenstand clearly that what robots
are and their characteristics. After that, the pgogming concept should be clearly

stated with discussion and drama activity.

At the afternoon section of the first day, the @dreh will introduce Lego Mindstorms

NXT robotic sets. They should have chance to eeplibre sets and guess its
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components and their functions. They will combingraple robot and make simple

program on the NXT screen without using computer.

M.2 The Second Day

09:30 — 10:20
10:30 —11:20
11:30 - 12:20
12:30 - 13:20
13:30 — 14:20
14:30 — 15:20

Building robot according to manual
Introduction to NXT-G programming environment
Move block

Exercises on move block
Competition (best approach to the point)
Sound block
Screen block

Wait blocks
Exercise on wait blocks

Lunch break

Loop
Loop exercises

Reading sensor values
Packing up

On the second day of the camp, the children willknan programming. Therefore,

NXT-G programming environments will be introducedthe children and drag and

drop programming approach with programming blockl e explained by using

projection.

The children should have chance to proactive whay thave learnt with some

exercises. Moreover, some competition could benged to increase motivation and

prevent them getting bored. For example, after thaye learnt move block, they

should asked to make a program their robots wilvenexactly 2 meters. A point 2

meters away from the start line could be defined #e closest robots to the point

will be the winner and so on.
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M.3 The Third Day

09:30-10:20  Switch
Parallel processing

10:30 -11:20 Exercises on switch
Line following robots

11:30 —12:20 Introduction to NXT Data Logging
12:30 — 13:20  Lunch break

13:30 — 14:20  Evaluating sound, ultrasonic, lightsors’ graphics
Exercise on NXT Data Logging

14:30 — 15:20  Taking down the robots
Packing up

The last day of the programming section is resefgedore advanced programming
blocks and NXT Data Logging software. The childmeill learn how they will

program their robots to collect data from sensois evaluation of these data on the
computer. Similar to the previous day the childséould be challenged with some
exercises. At the end of the day each groups shakkl down their robots because

they will start moon station missions on next day.
M.4 The Fourth, Fifth and Sixth Days

Until the seventh day of the camp, each groupwaik Moon Station missions on a
printed work area (Figure M.2). Moon Station missicalso could be done with
learning stations approach like the second campelfearning station approach will
be used, the missions must be arranged accordinget;mumber of the groups.
Moreover, to prevent groups waiting each otherheaission must be finished at the

same time.

Until the fourth day, the groups and their passwahould be defined for the web
page. The children will log in to the web page & their missions. Like the video

games, when they logged on they could continue evtiexy had left.
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After the each mission, an instructor should malssussion on what they have
learnt and which science knowledge they have u$edis required, the instructor

should emphasize the science concept they haveanskedeepen the discussion.
M.4.1 The First Mission

The first mission is collection information abobetMoon Station. The children will
get message from the commander asking them to meeasstances between the
bases. More specifically, he is asking the lendtthe black line between the bases.

Moreover, he added diameters of three tiers of totwhis message.

To accomplish this mission the children should thitee blanks area on the Moon
Station plan (similar to Figure M.2) representihg tistance between base - power
control unit, power control unit — reactor and cgctbase. When they correctly filled

the blanks and send, they could pass to next missio

The children should be warned about not to do I“taad error”, because each
incorrect send will be evaluated by their commaradeunsuccessful at the mission.

M.4.2 Extra Activity

According to the children performance, they coulik @ design a robot which
measures how far the robots moved and shows orNKIEs screen like cars’
odometers. Moreover, they could make it for defdrsize of tires.

M.4.3 The Second Mission
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Figure M.3Power Control Unit

The second mission is entering power control Because of the radiation leak the
reactor should be switched off. However, the poegertrol unit is locked and could

be opened only entering correct combination oflardeased lock. The lock is work

based on the reflection rate of the different calor

After this briefing, the children will be directeéd a web page, which contains five
sliders on different colors (like Figure M.4). Whehey correctly arranged the
sliders, they will see a short video showing theropg of the door and they could

pass the next mission.

It is expected that, the children will measure itgigection rate of the different color
on the work area. When they arrange the slideth@mveb page, similar to the graph

they will get on the NXT Data Logging screen, thalf be achieved the mission.
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Figure M.4Color lock

M.4.4 The Third Mission

The third mission is the finding the magnet. Whewer control unit opened, it

realized that there is a problem inside of the and some parts of power control
unit should be changed. The required parts seitdres capsule from the earth. The
capsule has landed on between power control uditl@arector. It is known that the

capsule has a magnetic field like magnet.

The mission is finding the location of the capsael getting it to base. However in
this mission the robot with magnetic fields sensdr find the capsule and come to
base. Then the grabber or arm connected robot ghwuig it to the base at the
second time. When the capsule reached the basehitdeen should open it and get

the code inside it to pass next mission.
M.4.5 Extra Activity

The children could measure density of the magrfetld along a magnet. How it

changes N to S poles and discussed about theiunesasnts.
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M.4.6 The Fourth Mission

The fourth mission is reach on time. When the pathe power control unit placed,
it could not work properly. As a result of this medctioning, the doors of the bases
could not work properly. When the door of main bapened, power control unit’'s
door opens exactly ten seconds after it and itsstgpen exactly twenty seconds.
Then, the reactor’s door opens exactly twenty see@fter the power control unit’s
door closed. The reactor’s door stays open thetjosds. Thirty seconds later than
the reactor’s door closed, main base’s door willdgmen. The children should

program their robots to reach each base at stawedntervals.

One instructor will use a chronometer to measuree tintervals and evaluate the
robots performance. Moreover, the children coulfustdand measure their robots

velocity outside of the work area with a ruler adonometer.
M.4.7 Extra Activity

This mission can be done with different size tires.

M.4.8 The Fifth Mission

The last mission is collecting supply containersteE supply containers have been
sent from the earth and the containers have langledomly inside of the triangle
area. The mission is collecting these containetskaimging them to the base. The
children should program to their robots to findamtainer and bring it to the base,
therefore they send their robots three times taeaehthis mission. Each container
has unique number, when the children enter thes#ars into the web page they
will be accomplished their mission.

M.5 The Seventh, Eighth and Ninth Days

These three days reserved for the project worke lo&th camps, the children will
design and program their robots to produce a swibr their daily life problems or
a social problem. The instructor should behave dikeadviser to guide their project

work.
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M.6 The Last Day

On the last day of the camp, the children will préstheir robots and show their
robots performance to the visitors. At the morrsegsion children will prepare their
presentation. The parents will be invited to therafoon session of the camp to see

what their children have achieved.
M.7 Extra Activity — Tournament

Because the curriculum has not been tested with girade children, how long the
missions will take is not known. If the childremiBhed all missions, before the

expected time, a tournament could be arranged tbéditime gap.

Aim of the tournament is designing strongest robbigo robots will be connected to
each other and placed center of a circle. Whicletrdbags competitor to the outside
of the circle will be winner. After the semi-finahd final the champion robots will
be selected. After the selection of the champibere will be a discussion on design
consideration for the strongest robot. “How shob&l gears used?” “What is the
importance of the tires’ diameter?” “What is thepwontance of the number of the
motors?” are should be main points of the discuss$@ame tournament could be also

arranged for the fastest robot.
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