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ABSTRACT

EXPLORING DESIGN REQUIREMENTS FOR EDUCATIONAL ROBOTS
USED IN K-12 EDUCATION FROM EDUCATOR’S PERSPECTIVE

Giirkanli, Cengiz Hakan
MSc., Department of Industrial Design
Supervisor: Assist. Prof. Dr. Giilsen Tore Yargin

September 2018, 251 pages

Robotics field has broad application in human society and design space of robots even
broader. In the last decades, robots were started to be used for various purposes after
their first examples in industrial settings. Use of robots in various human work
domains provide multiple benefits over other technological devices. Education is one
of the challenging primary fields in which robots offer advantages over other
technologies. Unlike other fields of robotics which requires advanced programming
architectures or artificial intelligence, use of robots in education requires more human-
centred perspective rather than focusing on the technology itself. Use of technologies
in learning environments has a long history. Educational robots are actively used for
educational purposes over three decades as a tool for learning activities. However,
design and human-centred issues related to educational robotics literature is an
overlooked area of research. Therefore, in the light of the previous studies in the area,
this study aims to explore design related issues from a human-centred perspective. In
the study, questions about the relationship between robot design and learning activities
were explored from the educator’s perspective. Semi-structured interviews were
conducted with 15 respondents from different institutions. Interview results are
examined the following issues: the ways robots support education, current and
possible challenges of using robots in education, and how the interventions on the
design of robots can support learning environments. In the light of the attained
suggestions and comments from educators, study explored design requirements for
educational robotics as a tool for learning in school environments. Requirements
derived from the perspective of educators can provide guidance for designers who are
challenged by designing robots for educational environments.

Keywords: educational robotics, human-robot interaction, design requirements, user
requirements
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K-12 EGITMENLERI PERSPEKTIFINDEN EGITSEL AMACLI ROBOT
KULLANIMINA YONELIK TASARIM YONLENDIiRMELERI

Giirkanli, Cengiz Hakan
Yiiksek Lisans Endiistri Uriinleri Tasarimi Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. Giilsen Tore Yargin

Eyliil 2018, 251 sayfa

Robotik uygulamalar insan hayatlarinda genis bir uygulama alanina sahip olmakla
beraber, robot tasarim alani daha da genis bir uygulama yelpazesini kapsamaktadir.
Egitim alani, robotlarin bu alanda kullanilan diger teknolojik cihazlara gore avantaj
sagladig1 bir alan olarak atfedilmektedir. Gelismis programlama mimarileri veya
yapay zekd gerektiren diger robotik alanlardan farkli olarak; egitimde robotlarin
kullanimi1 teknolojinin kendisine odaklanmak yerine, insan merkezli bir bakis acisi
gerektirmektedir. Egitim robotlar1, egitimde halihazirda kullanilan ara¢ ve gereglere
kiyasla, bir¢cok zorlugu barindiran yeni bir alandir. Egitim amacl kullanilan robotlar,
anaokulu seviyesinden {niversite seviyesine kadar farklt yas gruplart igin
kullanilabilmektedir. 30 yili askin siiredir, egitim robotlar1 arastirma ve Ogretme
faaliyetleri icin aktif olarak kullanilmaktadir. Ancak, egitim robotu literatiiriiyle ilgili
tasarim ve insan merkezli konular, fazla {izerine durulmamis bir arastirma alanidir. Bu
nedenle, bu ¢alisma egitimde kullanilan robotlara yonelik tasarim konularini insan
merkezli bir perspektiften incelemeyi amaclamaktadir. Arastirmada, robot tasarimi ve
ogrenme aktiviteleri arasindaki iligki egitimcinin perspektifinden incelenmistir. Farkli
kurumlardan 15 katilimci ile yar1 yapilandirilmig goriismeler gerceklestirilmistir.
Miilakat sonuclar1 asagidaki konulari incelemektedir: robotlarin egitimi nasil
destekledigi, robotlarin egitimde kullanilmasindaki mevcut ve olas1 zorluklar1 ve
robotlarin tasarlanmas1 konusundaki miidahalelerin 6grenme ortamlarint nasil
destekleyebilecegi. Bu calisma, egitmenlerden elde edilen 6neri ve yorumlar 1s1ginda,
okul ortamlarinda 6grenim igin bir arag¢ olarak kullanilmak {izere ileride tasarlanacak
robotlar i¢in tasarim gereksinimlerini arastirdi. Robot tasarimina egitimcilerin
perspektifinden yaklasan bu ¢aligmanin sonucunda elde edilen tasarim
yonlendirmeleri, egitim ortamlari i¢in robot tasarlamasi beklenen tasarimeilar igin bir
yol gosterici olabilir.

Anahtar Kelimeler: egitim amagli robotlar, insan-robot etkilesimi, tasarim
gereksinimleri, kullanic1 gereksinimleri

Vi
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CHAPTER 1

1. INTRODUCTION

1.1 Background of the Study

From science fiction to the real world, robots are becoming more popular and
extending their roles in human society with the advancements in robotic technologies.
Robotics is a field which deals with technologies that concern robot construction,
design, and operation, and it encompasses various application areas in human society.
Robots are specially designed to fulfill tasks or activities in human domains with
human direction or control, so regardless of the level of autonomy, the interaction
between robots and users occurs, and the nature of interaction varies depending on the
context of use and various aspects on robots’ design, such as, robot’s embodiment,
sociality, and multi-modal interaction interfaces that the system contains (Apan et al.,
2012; Feil-Seifer & Mataric, 2009; Goodrich & Schultz, 2007a). For a more in-depth
examination of the relationship between robots and humans in various contexts,
classifying robot types through their application domains will be useful. According to
the International Federation of Robotics (IFR, 2015): robots are broadly categorised
into three types based on the context they are used, namely (1) Industrial Robots, (2)

Professional Service Robots and (3) Non-Professional/Personal Service Robots.

From personal service robots, education robotics is an important area and a grand
challenge for the field of robotics (Sheridan, 2016). In 2015, 5,4 million personal
service robots were sold which increased by 29% when compared to the sales of 2014
(I.LF.R., 2015). According to the 2015 IFR report, between 2016-2019 43 million units
are expected to be sold including 3 million for educational and research purposes.
These results illustrate the importance of educational robotics as an emerging field.

Robots are swiftly integrating into our everyday lives, for the future, it will be a
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requirement to have fundamentals of the technology that surrounds us. As we can
understand from the statistics and predictions of the IFFR, in the recent years there is
an increasing interest on educational robots as an educational medium from freshly
started robotic start-up companies to crowdfunding projects conducted by pioneers in
the robotics field (Eguchi, 2014).

The context of the use of robots for education encompasses different education levels
from pre-school education throughout to higher education. Regarding educational
robots that may address different levels in education, their complexity of use, and the
interaction between users and robots varies according to the needs and abilities of the
users (Johal et al., 2018). There is no robot for all educational levels because the
developmental stages of individuals differ from each other. Thus overall robot
implementation for the selected education level requires specific activities and design
features in order to provide age-suitable learning environment (Druin & Hendler,
2000).

Educational robots are a subset of educational technology and a tool for learning which
grants educational environments being more fun, flexible, self-oriented and learner-
centred rather than traditional learning environments where students are passive
consumers of knowledge (Johnson, 2003). Educational robotics also supports a shift
from just using technology to designing it and understanding what is going on behind
the curtains of the black boxes around us (Resnick, Berg, & Eisenberg, 2000).
According to Alimisis (2013), key aspects which can lead educational robotics to
success is behind the curriculum and learning environment by embracing convenient
learning theories such as constructivism and constructionism (Ackermann, 2001;
Kirsh, 2017; Papert, 1991). There are also other learning theories which support
robotics based on constructivism philosophy namely; zone of proximal development
(ZPD), active learning principles and learning by design (Engestrém, 2014; Karim,
Lemaignan, & Mondada, 2015).

Nowadays there are numerous educational robots commercially available in various
types under two main category that provided by Mataric (2007) namely; pre-built
robots and various Do-It-Yourself (DIY) robots. Also, robot designs or programming

14



scripts can be found online within the open-source communities such as GrabCad,
Arduino and so forth (Pefialvo et al., 2016). Educational robots are advantageous over
many other educational media (computers, smart boards, tablets, cell-phones and
more) because of their innovative, three-dimensional and tangible nature (Johnson,
2003; Mikropoulos & Bellou, 2013). Multidisciplinary requirements and complexity
of robots provided numerous opportunities compared to other educational mediums
over other motivating media to support teaching among children within the Science,
Technology, Engineering and Mathematics (STEM) subjects (Leonard et al., 2016;
Miller, Nourbakhsh, & Siegwart, 2008).

Moreover, educational robots are more likely to be acceptable for most students who
are born in the digital age (Kitts, 2003; Sundar, Waddell, & Jung, 2016). One of the
favours of being in the digital age is the technological familiarity of the K-12 students
giving a boost for the basics of how to use a computer or any other technological
device (Eguchi, 2015). More recently there has been a surge of interest in educational
movements and reforms such as, coding in k-12 and maker-movement which promotes
fabrication labs by using rapid-prototyping tools such as laser cutters and 3d printers
(Halverson & Sheridan, 2014; Paulo Blikstein, 2013; Resnick & Rosenbaum, 2013).
Also, the information exchange between learners is supported by open source
platforms that allow sharing 3D CAD (computer-aided design) models or
programming scripts (Olabe, J., Olabe, M., X. Basogain, X., Maiz, I., Castafio, 2011).
Based on the movements future goals for learners educational use of robots granted a
generic foundation from novice learners to experts in educational contexts by
providing comprehensive activities for general aspects of science and arts-related
concepts (Chung, 2014; Eguchi, 2014; Mataric, Koenig, & Feil-Seifer, 2007;
Vandevelde & Vanderborght, 2013).

Robots for education are the focus of interest in 21%-century education because of their

potential to motivate students for future STEM-related career choices and holistic

activities to gain 21%"-century skills (Khanlari, 2013). Educational robots are used as a

motivational tool in schools to provide increased demand for STEM-related jobs in

the future and to overcome the lack of interest, gender bias of students related to the

STEM areas (Matari¢, 2004; Rusk, Resnick, Berg, & Pezalla-Granlund, 2008). In K-
15



12 education robotic activities provide a collective basis for acquiring versatile skills
for students, studies related to using robots in education to improve skill sets of
students demonstrated there is a definite change in personal and academic skills of the
students (Benitti, 2012; Nugent, Barker, & Grandgenett, 2010). 21 century
framework supports future citizens as; entrepreneurs, engaged thinkers and ethical
citizens in order to provide them the competencies of a 21% century learner skillsets
namely; lifelong learning, self-direction, personal management, communication,
digital literacy, social responsibility, global cultural and environmental awareness,
creativity and innovation, critical thinking and problem solving, collaboration and
leadership (Binkley et al., 2012; Bocconi et al., 2016). Moreover, using robotics in
formal and non-formal educational settings are proved to have a positive impact on
the acquisition of skills and abilities related to 21% century framework as an illustration
of these competencies such as, cognitive skills (critical thinking, decision making,
creativity), conceptual skills (science concepts in physics and math), social skills
(collaborative, team-work, leadership), personal (self-esteem, determination,
motivation) and academic skills (achievement scores) (Catlin & Blamires, 2010;
Eguchi, 2015; Khanlari, 2013).

Application of robots in education can be examined under two broad categories
namely; extra-curricular and intra-curricular (Mubin et al., 2013). Extra-curricular
activities are taking place in out of school contexts such as summer schools, robotic
competitions, science centres, science festivals and so forth. However, STEM-related
activities are generally conducted in out of school and extra-curricular activities
because of the current limitations based on lack of robotic activity curriculum that can
be integrated into school curriculum (Rode, Stringer, Toye, Simpson, & Blackwell,
2003). Besides in-school activities, robotic competitions provide an opportunity for
learning by maintaining a challenging environment between students and student
groups in informal settings. Participation of students into robotics competitions shows
a positive impact on raising interest on STEM subjects and students understanding of
science concepts, technological fluency, social skills such as team-working,
communication (Calnon, Gifford, & Agah, 2012; Grandi, Falconi, & Melchiorri,

2014). Intra-curricular robotic activities have to be in-line with the school curriculum
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defined by authorities and educators plays a vital role to implement a well-fitting
robotic activity in formal settings (Bers, Ponte, Juelich, Viera, & Schenker, 2002).
Using robots in classrooms for teaching purposes can be a time-consuming activity
rather than establishing direct inquiry for the educators, and they need to be supported
regarding curricular activities by considering limited time in classrooms (Beraza, Pina,
& Demo, 2010; Rode et al., 2003). Thus, types of educational robots are optional to
the intention of the classroom facilitator or educator based on to desired learning
whether educators can design their activities for classroom or use the ready-made
content which is provided by most of the commercially available construction kit type
of robots such as, Lego Mindstorms, MakeBlock mBOT, Robotis STEM Kit (Green,
Wagner, & Green, 2018; Whitman & Witherspoon, 2003). These robots are shown in
Figure 1

Figure 1 - Lego Mindstorms, MakeBlock mBot and Robotis STEM Kit

Type of the robot also determines the type of the activity which can be conducted
according to school curricula and can address distinct learning outcome, for instance,
using humanoid robot eliminates the time required by a construction kit to design a
robot or to build a robot from scratch (Park & Han, 2016; Vandevelde &
Vanderborght, 2013). In both formal/informal activities robot can be subject itself for
acquirement of diverse technical skills such as; computer programming, using
necessary construction tools like screwdriver and so on, or used for to gain academic
skills in non-technical subjects such as; social sciences, language, physics
mathematics, biology and so forth (Malec, 2001; Mubin et al., 2013; Toh, Causo,

Tzuo, Chen, & Yeo, 2016). In the education context of Turkey, there is an effort to
17



provide curriculum for the STEM education in line with the intra-curricular activities
(MoE, 2016). STEM education aims to provide students hands-on learning experience
by encapsulating all components of the STEM which may lead to innovative
approaches to real-world problems. STEM education-based learning experience of
students may lead to digital and physical products as an outcome of interdisciplinary
work. Therefore, students gain deeper understanding of STEM related topics and
prepared to future work environments by combining knowledge from different areas
throughout their K-12 education. According to the recent STEM education report of
the ministry of education use of robotic technologies in classroom settings seems
promising for the applications in schools. Currently, most of the private schools are
using robotic technologies as tools for learning by building DIY robots or by using

pre-assembled robots for programming activities.

Using robots in the educational environment creates multi-faceted challenges when
integrating robotic activities to any level of education because there is no widely
accepted curriculum for robots (Matari¢, 2004). According to Mataric (2004), one
major issue is the integration of robotic activities into the K-12 level school
curriculum. Barriers derived from the literature from education point of view for
implementing educational technologies which encompass robotics can be aligned as;
(1) lack of educator time, (2) lack of educator training, (3) lack of age-suitable
academic materials, (4) lack of ready for use lesson materials, (5) lack of institutional
support, (6 ) physiological barriers of educators (Mataric et al., 2007; Sullivan &
Moriarty, 2009). Regarding the use of educational robots, significant factors are
depended on several factors and strongly related to robots’ design and stakeholders.
These factors can be listed as; (1) robots’ role during the interaction, (2) robots type,
robots behaviour, (3) learning environment (extra-curricular or intra-curricular), (4)
perception of stakeholders (parents, students and educators), (5) gender issues and
(5) importance of robots’ design or appearance (Alimisis, 2013; Johnson, 2003;
Mubin et al., 2013; Toh et al., 2016). There are numerous challenges, and it is not
possible to address all the challenges just through the design of a robotic system.

However, design plays a crucial role on educational outcomes with its flexibility on
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robotic activities and the way users interact to complete a task to realise an idea with
the robotic components.

Design of an educational robot may have direct effects on the educational outcomes
and to address various concepts in learning in formal or informal settings (Robinson,
2005). For instance, the time spent during the preparation of robotic construction Kits
or programming phase via textual or graphical is a critical issue for educators because
of their time constraints in classrooms. The usability of programming interface with
self-explanatory parts in construction kit can shorten the time spent on building a
complete working robot and let users spend more time on the elaboration of their
project. Technical capacity of an educational technology is also a limitation for the
robotic activities although it can serve as a catalyst to come up with creative solutions
to a problem just as in the case of the construction kit called “crickets” while most of
the users want more input-outputs and motors designers developed a scaled-down
version of the programmable brick to two motor outputs with two sensor input from

four motor output with six sensor input version (Resnick & Silverman, 2005, p. 3).

Perception of robots from stakeholders is an important factor which can be examined
in several ways. For example, the role of the robot from educators’ perspective and
the effects of the appearance of a social robot on children (Serholt et al., 2014; Toh et
al., 2016). Stakeholders perception is crucial for the educational benefits attained from
robots. For instance; the acceptance of social robots in the educational environments
directly affects the interaction quality and willingness of the user to interact with the
(Shin & Kim, 2007). Students are central subjects in the learning environments, so
educational robots should be designed to address real needs of the stakeholders that
involved in the educational context (Hyun, Yoon, & Son, 2010; Resnick et al., 2005).

Moreover, to increase engagement and motivation among students perceived qualities
of the robot plays an important role. The study of Woods (2006) investigated the
children between 9-11 ages regarding perception of robots. Most of the children
attributed aggressive personality to human-like robots and the combination of
human/animal-like robots as friendly. Regarding the roles which can be played by a

robot, according to Shin & Kim (2007), older children prefer the role of a robot as a
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tool rather than other roles of robots namely; as a tutor or as a collaborator. In addition,
to increase the ease of use and engagement of robots, design features of robot plays an
important role such as, programming interface, if the robot has social capabilities
(appearance, bodily and emotional gestures, conversational capability), size of the
construction parts (Mubin et al., 2013; Resnick & Silverman, 2005; Vandevelde,
Wyffels, Ciocci, Vanderborght, & Saldien, 2016). Perception of educator’s plays vital
role for the implementation of robotic activities. As mentioned earlier, there are
several factors which directly affects the choice of using robots for education such as
educators psychological barriers and lack of confidence on using technology in the
classroom (Bers et al., 2002). Shin & Kim (2007) identified educators’ expectations
regarding robots’ roles as an instructional medium (with content provided), as a
educator assistant, and as a learner assistant. Similarly, the interaction roles that
defined by educators in Shin and Kim’s (2007) study have common ground with the
roles defined by other researchers (Eguchi, 2014; Karim et al., 2015; Miller et al.,
2008).

Since the design of robot has a significant impact on the stakeholders’ (students’ and
educators’) use and interaction with the robots, design specifications that address
critical issues must take into account before designing a robot which specialised for
educational purposes. Woods (2006) defined these specifications by considering
children perceptions on robots including; physical aspects, robot mode of locomotion
(motion of the robot), gender, facial features, and functionality and psychological
aspects such as perceived personality attributes and emotions. In line with the design
considerations that suggested by Woods (2006) based on the findings in the literature
robots for educational purposes must encompass appropriate pedagogical approach
and different styles of play of the children (Resnick & Silverman, 2005)

All in all, educational robots are not the only solution within the educational

technology to promote teaching strategies for the learning environments, but with its

hands-on nature and rich interactive learning activities, it grants significant benefits

for the development of children in many ways. Educational robots create vigorous

opportunities for educators in the modes of lesson plans and various experimentations

to explain abstract or complex subjects. Studies on student perceptions also made
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significant contribution to define design requirements for robots and to improve
interaction quality for the acceptance of social robots in an educational context. To
sustain the beneficial relationship between educational technologies and formal
learning environments educators plays a vital role at any level of education as a
facilitator among the students. Most of the reviews on educational robots added value
to learning experience by using robots and supporting educators to increase beneficial
outcomes from the robots as an educational medium (Karim et al., 2015; Khanlari,
2013; Mubin et al., 2013). After all, education consists of both tangible (educational
media) and intangible (communication) features which are provided to students for
their learning by educators. Thereby, when designing a tool for educational purpose
perspective of experts (educators) from the field can reflect the experiences to create

pathways for successful design.

1.2 Aim and Research Questions

The goal of this study is to create insightful design considerations for non-autonomous
educational robots that is specialised for learning purposes. The study considers this
issue based on the perspective of educators who are actively conducting STEM related

robotic activities in primary, secondary and high-school levels of education in Turkey.

Experts views from the field are expected to provide information about the
expectations and real needs of the users involved during the use of educational robots
in line with the educator and student-based challenges faced during the robotic
activities. To address the aim of this study, one main research question and two sub-

questions is planned to find beneficial answers.
Main Research Question:

e What are the requirements of user and robot interaction to support learning in

educational robotic activities from the educator’s perspective?

Sub questions to support main research question are:
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e In which ways the interaction between the user and the robot can be improved
to better support the learning experience?
e What are the expectations and needs of educators regarding educational

robots?

1.3 Structure of the Thesis

The flow of the thesis consists of five major components namely;

Introduction
Literature Review
Methodology
Results

A A o

Conclusion

Major chapters of the thesis are divided into sub-sections in order to provide

comprehensive relevant information to the reader according to the goals of the study.

Introduction chapter consist of problem background that highlights the relevant
literature from the fields of education, robotics and industrial design to explain the
motivation to pursue the aim of the study and research questions that will form the

entire structure of the study.

Literature review chapter presents the related works regarding the intersection of
Human-Robot Interaction, Educational Robotics and Industrial Design fields to build
theoretical basis of the study. Firstly, Human-Robot Interaction section is providing
general information about the current status of the relationship between humans and
robots and human-centred challenges based on the use of robots in other fields of
robotic applications that are related to educational robotics. Secondly, educational
robotics field and its relationship with the field of education is examined under the
scope of relevant educational philosophies and frameworks that supports the use of
robots in education. Finally, the design related recommendations for educational

robots that gathered from the literature are presented.
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Methodology chapter is concerned with the methodological approaches that have been
adopted to conduct qualitative research with the experts from the field of education.
Firstly, it explains the purpose of the selected data collection method and the reasons
behind it. Secondly, it presents the materials that have been used to conduct selected
methodology with the detailed explanation of the procedure. Then, it clarifies the
reason behind the selection of the sample group. Finally, in line with the theoretical
background data analysis approach and tools that have been used for data analysis are

explained.

Results chapter is describing the main findings of the interviews with direct quotations
from the respondents. Presented data from the interviews are linked with the
previously established challenges based on the design, educational robots and
education literature. Three central themes are derived from the interview data to
describe the benefits of using educational, challenges that faced by the respondents
and design requirements for future robot designs. Lastly, evaluation of the overall
results is discussed through in regard of providing insights for the future design of

educational robots.

Conclusions chapter highlights the research questions that drive the overall study and
summarises the thesis. Then, based on the research findings design considerations for
educational robotic are presented. Lastly, the limitations of the study and future

research related concerns were expressed.
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CHAPTER 2

2. LITERATURE REVIEW
3.
In order to provide a comprehensive background for this study, literature review
section is consisting of intersections of diverse research findings from human-robot
interaction educational robotics, interaction design and educational philosophy.
Firstly, overview of the Human-Robot Interaction will be presented by adopting
human-centred view through investigating issues related to interaction and challenges
between robotic applications and humans. Secondly, educational robotics field and
their relations with the current educational approaches will be presented. Finally,
considering issues mentioned in the earlier sections, design considerations for
educational robotics will be merged from relevant literature related to desiging for

educational technology.

2.1 Human-Robot Interaction

From science fiction to the real world, robots are extended their numbers and shifted
their existence from industrial settings to the everyday life of the 21%-century society.
The term robot first appears on the play of Czech writer Karel Capek called Rossum’s
Universal Robots (R.U.R) in 1921 which ends up with a robot rebellion against
humans (Capek, 2001). The term “robot” which is used by Karel Capek has its roots
on a Slavic word “robota” which means forced labour. Recently, there are many
definitions for robots; for instance, according to the Merriam-Webster dictionary the

term robot defined as:

“a machine that resembles a living creature in being capable of moving
independently (as by walking or rolling on wheels) and performing complex

actions (such as grasping and moving objects)”
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According to the latest definition of robots, they are improving the human capabilities
and skills by aiding them in various human domains. For further investigation of the
relationship between humans and robots in various domains, literature provides
valuable information. The early example of robots is used in industrial settings for
repetitive tasks to improve efficiency for manufacture beyond human capabilities. In
the last few decades with the advancements in robotic technologies, robots are
significantly enlarged their domains out of the industrial settings to various human
work domains such as; homes, hospitals, search and rescue missions, space and
military applications, agriculture and more. Technological advancements in robotic
technologies such as; micro-computers, sensors and actuators enabled robots to lower
their production costs and expand their user groups from professional domains to a

variety of users with or without any robotic experience.

To attain benefits from the robots, the interaction between humans and robots is
crucial. Interaction between robots and humans is a form of communication through
interfaces determined by the current state of the technology in robotic applications;
these technologies may be exemplified such as; sensing via sensors, acting and
reacting by using motors and actuators or sound and planning by using advanced
software architecture (Feil-Seifer & Mataric, 2009; Goodrich & Schultz, 2007; Thrun,
2004). Since the robots have direct interaction with the users usually in a social setting,
Human-Robot Interaction (HRI) emerges as an essential field of study which is
focused on developing interactions, designs, and implementation of robotic systems
that used by humans. Moreover, there are studies which highlight the distinction
between how children and adults interact with robots to claim that Child-Robot
Interaction (CHRI) offers new challenges within the field of HRI such as, interaction
styles and perception of robots as a living entity (Belpaeme et al., 2013). The primary
goal of the HRI is to design robotic systems which interact with humans in a safe,
direct and effective way. In the light of this aim, HRI is an interdisciplinary field of
research which requires dedication from diverse disciplines such as; cognitive-science,
computer science, engineering, industrial design, social sciences, artificial
intelligence, human-computer interaction, psychology, and neuroscience to overcome

numerous challenges in the application domains (Dautenhahn, 2007). However, HRI
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is still in its infancy regarding providing a generally applicable model, theories and
evaluation techniques in order to provide generalisable guidelines for the interaction
between humans and robots (Lindblom & Andreasson, 2016). Following sections of
the reviewed literature discusses significant issues regarding HRI under the headings

of Interaction in HRI, Types of Robots and Major Challenges of HRI Research

2.1.1 Issues Regarding Interaction

Interaction with robots may show differences in the way we interact with our everyday
life products. Robots as intelligent systems can create distinct interaction possibilities
for humans, and it is mainly affected by the most distinctive feature of robots —called
“autonomy". Autonomy is the most distinctive feature of robots from other products
in human society which enables them to make decisions under certain circumstances
and creates an opportunity to reflect an image of intelligent being in the one’s mind.
Autonomy is a robot side of technical concern in HRI. However, it diversifies the
interaction possibilities of a robot and affects the perception of humans toward robots
(Thrun, 2004). From the human-centred perspective Figure 2 illustrates the how

interaction may change according to the level of autonomy of a robotic system.

The computer decides everything, acts autonomously, ignoring the human.

The computer informs the human only if it, the computer, decides to.

The computer informs the human only if asked, or

The computer executes automatically, then necessarily informs the human, or

The computer executes that suggestion if the human approves, or

The computer suggests one alternative

The computer narrows the selection down to a few, or

The computer offers a complete set of decisionfaction alternatives, or

[
[
[
[
[The computer allows the human a restricted time to veto before automatic execution, or
[
[
[
[
[

(T8

The computer offers no assistance; the human must take all decisions and actions.

Figure 2 - Level of Autonomy - Figure adopted from Coppin, Gilles & Legras, Francois.
(2012)

One of the primary concern of the HRI is to develop interactive robots for particular
environments and to equip them with a suitable set of skills to correspond the needs
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of the humans in a functional, emotional and social way (Dautenhahn, 2013). Today’s
use environment of robots differs in the ways of interaction from the early examples
of robots in industrial settings because of commercially available robots which are
taking place in our homes and public service areas such as, hospitals and museums.
To illustrate the changing needs of domains regarding the level of autonomy of a
robotic system in Figure 3 Dautenhahn (2003) provided the requirements for social

skills of robots in human activity domains (p. 683).

Spectrum of Requirements for Robot Social Skills

Remote Controlled/Spatially- Temporally Seperated
Agriculture, Cleaning, Firefighting

Entertainment

Tour Guides, Office/Hotel Assistants

Robots in Nursing Care, Rehabilitation, Therapy

Robot Companion in the Home

Robot Social Skills

Figure 3 - Requirements for Social Skills in Different Application Domains - Figure adopted
from Dautenhahn (2007)

According to Dautenhahn (2007) social intelligence for robots is promising for the
goals of human-like artificial intelligence (Al), on the other hand research on
intelligent robots are generally focused on equipping robots with cognitive attributes
for example, reasoning, navigation, planning which enables them to operate in non-
social environment and seeing social skills of robots as an attraction for the user
interaction. As robots become more available for the personal use, social aspects of
robots will be more crucial such as adapting to user’s preferences, learning from
humans about how to accomplish a task in the real-world environments. However, the
social skills of a robot can be an exaggeration for particular application domains. Also,
Dautenhahn (2007) provided the evaluation criterias for the social skills of robots (see

Figure 4) according to their use domains.
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Contact with Humans repeated
none long-term
remote .
Robot Functionali prysicd
e open, aeapive
clearly defined shaped by learning
Role of Robot assistants
none .
companions
remote
" h " partners
. Requirements of Social Skills
not required .
. essential
desirable

Figure 4 - Evaluation Criteria for Social Skills —

Depending on the requirements that derived from the context of use, different types of
robots may be equipped with an advanced software architecture to mimic complex
behaviours and communication capabilities from nature such as; similar to
relationships in the real world, mimicking social intelligence of humans or animals in
order to communication or collectively accomplish a tasks like swarm behaviour and
so forth (Fong, Thorpe, & Baur, 2001). Interaction becomes more realistic, fruitful
and desirable when the robot has social skills such as emotional expressions and
conversational abilities; after all, as human beings, our society is mainly based on
social interactions (Dautenhahn, 2003; Malle & Scheutz, 2014). Humans play a central
role in the interaction because as human-made systems, robots are designed to support
humans emotionally or to extend human capabilities in specific human domains
(Woods, Walters, Koay, & Dautenhahn, 2006).

HRI is a broad interdisciplinary research field, because of that conceptual space of the
HRI is vast, and research directions may differ according to the approach of the
researcher. Designing social robots that are acceptable and able to address the various
needs of the humans in various domains social robotics and humanoid robots are
seemed to be overarching goals for the HRI research. Therefore, social robotics is one
of the mainly focused fields which may encapsulate various technical challenges in
the HRI research. Moreover, most of the studies are based on social interaction may
provide useful insights for other research fields in the HRI. Due to social robotics field,
there are several approaches to HRI research, Dautenhahn (2007) identified the
possible approaches to HRI under three categories namely: Robot-Centred HRI;
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Robot-Cognition Centred HRI; and Human-Centred HRI. Figure 5 illustrates the three

different approaches to HRI research.

Robot Cognition-Centred

Figure 5 - Three Approaches to HRI Research

Robot-Centred and Robot Cognition Centred approaches to HRI are concerned about
the technical aspects of robots such as software architecture, behaviour models, multi-
modal sensing and perception of robotic systems (Breazeal, 2004). These approaches
are mainly concerned about the technical perspective of the robot design and
behaviours regarding providing abilities for robots regarding autonomy and self-

preservation during a task.

Human-Centred HRI is concerned about the interaction from the human point of view
to provide robots that provide a positive user experience for humans during the
interaction with the robots. Human-centred HRI open pathways for the adoption of
Human-Centred Design (HCD) design philosophy as one of the best approach because
HCD is based on understanding, defining human needs and capabilities in order to
design a tool, service or a system (Marti & Bannon, 2009; Norman, 2013). To support
HRI research field through the way of generating design guidelines for complex
devices in human environments, adopting HCD approach may provide a better
understanding of the nature of human interaction with the designed robots.

Other research issues related with the human-centred HRI may base on the feelings of

the humans that emerged from the appearance of the robotic system. This issue
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commonly referred to in the literature as “uncanny valley” which includes various

studies concerned about the feelings and perception of humans based on the

appearance of the robotic system (Mori, MacDorman, & Kageki, 2012). The notion of

the uncanny valley is illustrated in the Figure 6
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Figure 6 - The Uncanney Valley - Figure adopted from http://www.uncannyvalley.us)

The notion of the uncanny valley is tried to be demonstrated by various researchers to

determine if the human likeness is appropriate between the various appearances of the

robot’s design space (Woods, Dautenhahn, & Schulz, 2004). According to the concept

of the uncanny valley, if a robot has the realistic appearance but can be differentiated

by humans as a non-living being, it may evoke negative emotions such as, recalling

death and then becomes uncanny. Also, regarding the quality and attributes of the

robots, providing positive user experience during the interactions becomes an

important issue to sustain the relationship between robots and humans in various

activity domains (Alenljung, Lindblom, Andreasson, & Ziemke, 2017). To grant
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positive user experience and to provide adequate design considerations for the further
development of the robotic applications, adopting the human-centred HRI approach is
more suitable for the scope of this literature review. Thus, the following sections will

be presented through the lens of the human-centred approach in HRI.

2.1.2 Issues Regarding Robots

In this subsection, to provide suitable background information for the following
sections, significant domains and classifications of different robot types will be
explained. Defining robot types that are encapsulated in the field of HRI will clarify
the following concepts related to the interaction between humans and robots. To
provide a better understanding of diversity within the robot categories, robots that
given as an example will be presented according to the level of autonomy and social
skills required to (see Figures 7 and 8) for a robotic system within the user context.

Also, some challenges related to robots’ type and the context of use will be mentioned.

According to their context of use, robots are classified by IFR (2015) under three main
categories namely: Industrial Robots; Professional Service Robots; and Personal
Service Robots. These categories address different research areas in the field of HRI
research and may require different interaction styles between the user and the robot.

Industrial robots are commonly used for manufacturing or transportation purposes are
tend not to interact with the user directly while service robots (including both personal
and professional) may have different interaction modalities than industrial robots such
as having social attributes to give emotional responses or physical interaction. Physical
interaction between robots and humans is a primary challenging research field of HRI
because of the safety concerns on possible accidents and collisions between humans
and robots which may cause serious injuries (Haddadin, Albu-schéffer, & Hirzinger,
2007). Regarding all kinds of physical robots, safety is a top priority concern for the
field of HRI.

Professional service robots are encompassing numerous domains for professional use

such as; defence applications, underwater exploration robots, agricultural robots,

robots for livestock farming (milking robots), medical robots (in teleoperated surgery

settings), human-exoskeletons, logistics systems, search and rescue and others
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(I.LF.R.R., 2015). PSR is expensive, may require regular maintenance, additionally, to
operate or interact with robots in professional domains, to use robots may require
experts from the fields or additional training for the use of robots (Goodrich & Schultz,
2007, p. 226). Most of the professional service robots operate under critical conditions
and must continue to its purpose under high-stress conditions, for instance, a military
robot for bomb disposal or teleoperated robot/s for unstructured environments in
search and rescue missions. Professional service robots may create additional
challenges for engineers regarding advanced requirements for multi-modal sensing
and perception capabilities which might be crucial for some cases (Stiefelhagen et al.,
2007). Social and assistive robotics can be involved in this category as a research
challenge for the HRI because some of the assistive robots are used in hospital
environment to move patients (Ozkil et al., 2009) or to fulfil their request while
providing companionship (Bharatharaj, Huang, & Al-Jumaily, 2016). To exemplify
social and assistive robotics in human domains, Care-o Bot might be a good example.
Care-0 bot (see Figure 7), is a professional service robot which is designed to fulfil
requests of the hospital residents such as, bringing an item or beverage (Mast et al.,
2012). Also, it has social interaction capabilities which identify the human and create
conversations by calling the name of who interacts with it by accessing the database
of the hospital residents. Allowing the robot to access personal information of the
hospital residents causes privacy-related issues to become of the primary concern in-

line with the other ethical considerations.

Personal Service Robots are encapsulating robots for non-expert personal use without
prerequisite training or knowledge. Personal service robots are growing at a rapid
pace, within the few years there are many robots appeared in the market for
educational and entertainment purposes with the help of crowdfunding and start-up
companies. Application areas of personal robots are stated by IFR (2015) namely;
education and research purposes, entertainment, robotic toys, household appliances
such as vacuum cleaners, lawn mowers and so forth. Moreover, personal social robots
are also integrating into human society. As a commercially available built-in social
robot “Jibo” (see Figure 7) is one of the first examples of its kind for the end users in

home context, it has capabilities such as; socially interacting with humans by using
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language and emotions, taking commands to execute tasks (taking photo, phone calls
based on internet, controlling lights and more) (Rane, Mhatre, & Kurup, 2014). Robots

that have been mentioned in these categories are shown in the Figure 7
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Figure 7 - Types of Robots

From left to right an industrial robot from Kawasaki Robotics, Care-o0-Bot 4 as a
companion service robot, Chimp as search and rescue robot. On the second line Jibo
as a personal robot with expressive emotions and acts as a personal assistant. Finally,
Nao of Aldebaran Robotics can be used as an educational robotic platform as well as

for research purposes on advanced programming.

Regarding three broad categories in various context, additionally, the morphology of
the robot design is also affecting the how people interact with the robotic system. The
appearance of a robotic system may differ based on the use environment and the
purpose of the interaction. For instance, Paro (Chang, Sabanovié, & Huber, 2013) have
a cute appearance to evoke positive feelings while a robot for search and rescue robot
have a machine-like appearance because of the functional consideration that is

required for the unstable environment. Fong et al., (2003) provided four categories for
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the embodiment of robots namely; functional (machine-like); anthropomorphic
(human-like); zoomorphic (animal-like); and caricatured.

Related studies with similar issue claimed that the intended interaction and functional
capabilities of robot should be reflected by the robot’s design such as, a human-like
robot may reflect the feelings of a robot with social capabilities and movements or on
the contrary a functional robot without social cues in design may evoke a product-like
feelings to humans (Breazeal & Brooks, 2005; Knight, 2011; Walters et al., 2011).
Figure 8 converges the given examples of industrial robots, professional service robots
and personal service robots with the previously mentioned issues with robot’s
morphology, level of autonomy with additional comments from the researcher. Types
of robots are codependent with their user group and the usage context. Moreover,
interactions may differ according to context and types of robots which will be
presented in the next section.

Robot Robot’s Category Robot’s Morphology
Q\o{‘.\_?
3/; ZHE100U Industrial Robot Machine-Like
“:, Care-o-bot 4 Professional Service Robot | Human-machine like
W
% Chimp Professional Service Robot |  Human-machine like
° Jibo Personal Robot Caricaturised
& f
\':j.{ Nao Personal Robot Human-like
18

Figure 8 - Morphology of Robots

2.1.3 Interaction Roles in HRI

Humans are playing a central role in HRI and interacting with people is a prominent
concern of HRI because robots are artificial creations which are built to operate

individually or work in teams with humans (Groom & Nass, 2007; Sharma, Young, &
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Eskicioglu, 2012). In order to provide such wide variety of services to humans, robots
should be able to communicate with humans understandably and reasonably. When
we consider the large application domains and design space of interactive robots, the
interaction can take a variety of forms. From the robot side, the interaction between
robots and humans shapes by mimicking the human attributes and the way that humans
perceive their surrounding world which considered as biologically inspired or
functionally designed (Fong, Nourbakhsh, & Dautenhahn, 2003). Therefore, for the
HRI research, humans are the essential piece of the puzzle because even for a fully

autonomous robot interaction with humans happens (Thrun, 2004).

Goodrich and Schultz (2007) maintained that interaction might be classified into two
broad categories namely; (1) Proximate Interaction and (2) Remote Interaction
(p.204) which is also known as teleoperation for mobile robots which enable humans
to directly control robot/s from a distance via variety of interfaces such as; speech,
display monitors, controllers, keyboard and other analogous control tools. Also, rich
application domains of robotic systems may require social interaction, mobility or
physical manipulation to move objects to desired locations or to accomplish simple
tasks. Proximate interaction may be defined as which humans and the robots are in
proximity or collocated in the same environment such as; service robots in hospitals
to help hospital workers on their duty by bringing medical kits or by serving patients
soft drinks; or pet-like robot for therapeutic purposes for the people who are unable to
interact with real pets because of hygiene problems. On the contrary remote interaction
occurs when humans and robots are not sharing the same physical space nearby. For
instance; space exploration missions on mars or search and rescue missions (Bogue,
2012; Nourbakhsh et al., 2005). Remote interaction is crucial to fulfilling the task for
inhabitable environments in human work domains such as, hazardous waste cleaning,
space explorations or physical manipulation of objects which humans cannot
intervene. On the other hand, robots with social skills may require proximate
interaction rather than remote interaction because social interaction involves
emotional, cognitive and moral aspects of human society which may not be

experienced during the remote interaction.
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Moreover, Thrun (2004) has similar categorisation for the interaction between human
and robots as being (a) Direct Interaction, (b) Indirect Interaction. This categorisation
takes the control and the flow of the information as a basis to distinguish between
interaction interfaces among humans and robots. Direct interaction occurs when the
flow of the information is bidirectional between agent and robot such as; having a
verbal conversation by taking turns or robot responding behaviour of its user and user
responds back. In indirect interaction; human interacts with the robot as an operator
and the flow of the information is directional, for instance, a search and rescue team
member operates a robot from a distance with the help of an interface to search for the
survivors in the disaster area (\Voshell & Oomes, 2006). The main difference between
direct and indirect interaction is caused by the flow of the information. Direct
interaction occurs when human and robot are on equal footing, however, an indirect
interaction, the interaction is one-sided. Personal service robots and industrial robots
are tending to interact with humans indirectly such as; an industrial robot working in
the factory district, transporting materials from one point to another if it senses a
human via sensors, it may ignore the human as an obstacle. However, robots with
social capabilities that share the same environment with people may require direct
interaction with humans and tend to communicate with them. Some of the professional
service robots may be an example for this case, for instance, care-0-bot. To present
the two different approaches to HRI in a holistic way, regarding Thrun’s and
Goodrich’s categorisations Table 1 provides how users interact with a robotic system

based on previously mentioned robots in this section.
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Table 1 - Interaction Styles of Robots

Robot’s Type Robot’s Name Interaction Style
Industrial robot Indirect/Remote
Companion robot Care-0-bot 4 Direct/Proximate
Search and rescue robot Chimp Direct/Remote
Personal assistant Jibo Direct/Proximate Interaction
Educational robot Nao Direct/Indirect/Remote/Proximate

Humans are in need of an interface in order to interact with robots. Regarding
industrial robots as the first examples of robot kind, humans are usually interacting
with robots through using computers to programme them in order to make them fulfil
the desired actions of the users. Advancements in the new technologies, allow
interaction interfaces of robots to become more natural and allow humans to interact
with a robotic system by using speech, gestures or gaze (Salter, Dautenhahn, & Te
Boekhorst, 2006). Regarding the interaction interfaces between robots and humans.
Takeda et al. (1997) defined four kinds of interactions for HRI namely: (1) Primitive
Interaction which is based on computer interfaces; (2) Intimate Interaction which
occurs when robot and human directly communicates through gaze, gestures or touch;
(3) Loose Interaction which happens at a distance; (4) Cooperative Interaction which
may include more than one robot and humans in case of needed interaction scenario.
Figure 9 represents the four kinds of interaction between humans and robots to provide
a better understanding of the variety of interfaces may be required for each category.
As the quality of communication between robot and human develops, the interaction
interface is becoming more natural and human-like such as using speech to give

commands or having a conversation (Zhao, Tu, & Xu, 2014).
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Kinds of Interaction Example Interfaces

Primitive Interaction Mouse/Keyboard/Controllers
Intimate Interaction Haptics/Touch sensors/Artificial skins
Loose Interaction Supervision/Speech/Gaze/Gestures

Cooperative Interaction| Augmented and virtual reality

Figure 9 - Four Kinds of Interaction - Figure adopted from Takeda et al. (1997)

Four kinds of interactions are beneficial to define the quality of the interaction derived
from the interfaces that have been used in a robotic system to provide information
exchange between humans and robots. Information exchange is one of the essential
considerations for designing interaction between humans and robots. Interaction
dimensions mentioned by Goodrich & Schultz (2007) based on information exchange
consists of visual interfaces (augmented reality, graphical user interface), gestures
(including bodily movement), speech, non-speech-based audio (buzzers, alerts),
physical interaction and haptics (including augmented reality). These dimensions form
the information flow between robots and humans according to constraints and user-

based considerations on the robot design.

Due to the issues above related to interaction, the autonomy level of a robot plays a
significant role in designing interactions for a robotic system. Roles that been played
during the interaction may change according to the level of autonomy of a robot. For
instance, a space exploration robot is required to work fully autonomous during the
time of conditions which are not suitable for humans to intervene or a socially
interactive robot may require autonomous behaviours to sustain a conversation with
humans while reflecting an image of a socially intelligent being (Cowley & Kanda,
2002). On the other hand, a robot-assisted surgery requires minimal autonomy or do
not act without human supervision in order to minimise the risk of error made by a

robot during surgical operation (Camarillo, Krummel, & Salisbury, 2004).
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Considering the level of autonomy and human intervention in human-robot interaction
Figure 10 represents the relationship between the level of human intervention and the

autonomy level of a robotic system.
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Figure 10 - Level of Human Intervention - Figure derived from Goodrich & Schultz (2007)

As discussed above, the interaction between humans and robots’ shapes through their
physical distance between robot and human in-line with the requirements of the work
domain. During the interaction, robots may play various roles when performing tasks
or goals in a specific environment. Interaction roles in HRI can be defined as a
taxonomy of roles that a robotic system/s may present to the user/s. Due to various
situations, a robot can play more than one role or adapt its behaviour according to its
peer in line with the requirements to support the user. For instance, during a search
and rescue mission, a mobile autonomous robot may search for human survivors
autonomously until it finds one. Afterwards, it may switch to teleoperated control to
not harm injured humans or may send information to its supervisor. Generic
interaction roles that robots and humans may assume in HRI are maintained by
Goodrich & Schultz (2007) namely; (pp.233-234)

Based on the Donald Norman’s seven stages of interaction HCI model (Norman,
2013), first five interaction roles are provided by Scholtz (2003) and later on, Goodrich
& Schultz (2007) pp.223 provided two more roles namely, mentor and bystander.
Given interaction roles are further described in the Table 2 according to their context
of use and interaction with humans. Interaction roles that provided above are

applicable for human activity domains where robots take place. Also, roles are
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intertwined with the other dimensions of the interaction such as distance and

interaction interfaces.

Table 2 - Interaction Roles

Kinds of Interaction Example Interfaces

[Supervisor ] Human supervisory control of independent robot/s °
[Operator ] Operating a system by direct human control °
[Mechanic ] Human who repairs and maintains the system °
[Peer J Interacting with robot as peers °
[Bystander ] For instance, a human who waits to saved by a robot in an area °
[ Mentor ] Robots tutoring students/humans ®
{Information Consumer } Human only consumes information one directional interaction ®

Table adopted from Goodrich & Schultz (2007)

According to use the context of the different robots, interaction roles that have been
taken between humans and robots are exemplified in Table 2.2. Human work domains
have different workloads assigned to each person who works in the same environment.
Also, robots are a part of this division of labour to complete the desired task or to
achieve a major goal with the contribution of other actors in the work environment. If
we assign the roles given by Scholtz (2003) between the three robot categories,
industrial robots and their users may play constant roles rather then changing roles
according to their surrounding because industrial settings are specially designed as
fixed environments to increase the efficiency of the production. However, for personal
and professional service robots’ roles between humans and robots are often
interchangeable, from the robot’s perspective, showing adaptation to complete a task
by learning from a human being can be an option to provide satisfactory results on
user goals. Thus, the role of robots may change according to the situation faced during
the activities or for preferences of its user. Figure 11 includes robots from different
domains based on the three major categories to present interaction roles that might be

taken by the robot and user according to different user context.
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Application Domain Robot's Name Interaction Role

[Industry } ZHE100U [ Supervisor/Mechanic/Operator ]
{Healthcare J Care-0-Bot 4 [ Supervisor/Peer J
{Search and Rescue J Chimp [ Supervisor/Bystander/Operator ]
[Home J Jibo [ Peer/Information consumer J
[Education j Nao [ Tutor/Operator ]

Figure 11 - Relationship Between Interaction Roles and Robots

For various domains of HRI, to provide and make a decision on the interaction roles
suitably are offering multi-facet challenges based on the three HRI research
approaches as mentioned earlier in the Section 2.1.1. Moreover, to increase the
benefits gained from the use of robots providing users discoverability and
understandability of the system is essential for the quality of interaction (Norman,
2008). In this way, users in various roles may adapt to situations easily derived from
the robot and may disregard the additional challenges from the user-side besides the
technical problems caused by the robot. However, designing advanced robotic systems
are require interdisciplinary work because of the complexity and challenges offered
by designing robots to operate in real-world settings to fulfil the needs of the humans.
Moreover, this complexity based on both technical and user side for the field of HRI,
for instance, vulnerability of the humans during interaction, sense of feeling secure,
privacy of the conversation, perceived capabilities of robots and more (Bartneck &
Forlizzi, 2004; Feil-Seifer & Mataric, 2009; Goodrich, 2003) In the section that

follows, the major challenging issues related to HRI will be discussed.

2.1.4 Challenges of the HRI Field

As mentioned in the earlier section 2.1.2, HRI has a broad range of application
domains, and each application domain has its unique challenges considering the
intersection of the various disciplines. HRI field is constantly evolving in the light of
the researches within the field and rapidly updating itself according to developments
in the robotic technologies. Therefore, within the scope of this study, it is not possible

to cover all aspects of the challenges offered by the field of HRI. However, there are
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commonly shared challenges across the robotic application domains will be presented

in this section.

Challenges within the field of HRI are generally domain specific because of different
interaction patterns and elements of robot design that shapes due to the needs and
constraints of the application domain which will robots take place. Main challenging
robotic application domains are stated by Goodrich & Schultz (2007, p. 235) namely;

e Search and Rescue
e Assistive and Educational Robotics
e Entertainment, Military and Police
e Space Explorations

e Uncrewed Air Vehicles and Uncrewed Underwater Vehicles.

Similarly, Feil-Seifer & Mataric (2009) argued that Service Robotics, Assistive
Robotics, Social Robotics and Educational Robotics as challenging research domains
within the field of HRI. Robots with social abilities might be applied to the other
domains above such as educational robotics, assistive robotics and many others.
Alongside the highly financially supported robotic application areas such as, search
and rescue and military robotics; social robotics is one of the high-profile research
areas that capture the particular interest of many researchers to design more sociable
robots like human beings to create more natural and multi-modal interaction interfaces
between humans and robots (Gorostiza et al., 2006). Nevertheless, all kinds of robots
are designed by humans and work with or for humans to fulfil the needs of the society
in various ways and no matter how independent the robot acts, the interaction between
humans and robots may occur in diverse forms (Sidner, Lee, Kidd, Lesh, & Rich,
2005). Thus, there is no clear division of challenges as robot-based and human-based
so, challenges are shaped accordingly by requirements from both human and robot-

based concerns.

Most of the challenges are born from the direct uses of robots in specific domains that

specified earlier. HRI challenges are interconnected with all three elements that form

itself which are humans, robots and the interaction between them. To identify

challenges from different perspectives, we can examine the challenges offered by the
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diverse robotic application domains under three folds, namely; Research-Based
Challenges, Robot-Based Challenges and Interaction-Based Challenges. These three
categories are not separated from each other yet provide an opportunity to highlight
challenges that are specific for research, robots and interaction between humans and

robots.

2.1.4.1 Research-Based Challenges

Research-based challenges are concerned about the methodological and practical
approaches to HRI studies from both human and robot side. Robot-based challenges
are in-line with the Robot-Cognition Centred and Robot-Centred approaches which
are highlighted by Dautenhahn (2007) as perceptual abilities and satisfying inner
needs of a robot itself such as, detecting obstacles and preserving its existence. Robot-
based challenges are concerned about the technical challenges of design and use of
robots in the real-world environments; these challenges are also intertwined with the
interaction-based challenges. Afterall, the capability of a robotic application affects
the quality of the interaction with humans. Interaction-based challenges are concerned
about the human-centred point of view within the field of HRI such as cultural

differences, media effects on interaction, human values and ethical concerns.

Regarding HRI research challenges, one of the significant challenges is the lack of
appropriate foundational methodologies and lack of reproducibility of other
experiments (Baxter, Kennedy, Senft, Lemaignan, & Belpaeme, 2016; Walters,
Woods, Koay, & Dautenhahn, 2005). Major challenging issues regarding HRI
research are stated by Dautenhahn (2007) as not using precise methodological
approaches, directly implementing human-human interactions to HRI, and replication
of other research results because of everchanging robot design space. Moreover, there
are numerous challenges while designing HR1 experiments such as, safety and comfort
level of the subjects, ethical concerns and permissions required to study with
vulnerable groups, practical challenges on studying with humanoid robots, how to
evaluate the interaction between robot and the subject, recording data via using video
cameras or sensor data of robot to measure physical interaction ( Robins, Dautenhahn,
Boekhorst, & Billard, 2005). There is no one-for-all applicable research methodology

for the HRI field; many researchers are conducting qualitative and quantitative studies
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to gain generalizable knowledge about the HRI. However, cultural differences may
show differences in how people interact with robots thus creates barriers for
foundational background knowledge to create a generally applicable methodology for
the HRI research. Therefore, regarding the used robot type and application domain,
selection of appropriate methodology is critical. HRI is a relevantly new field of
research. Thus it benefits from the methodologies that developed in other research

fields especially from Human-Computer Interaction (HCI).

HRI field is strongly related to Human-Computer Interaction (HCI) field and adopts
methodologies from the field of HCI but shows some differences because of the
tangible nature of robots and challenges offered by real-world environments for the
operation of robotic systems. Table 3 shows the distinct differences between HCI and
HRI.

Table 3 - Differences between HCI and HRI

HRI @

Autonomy Controlled by human

3 Dimension 2 Dimension

[ ]
[ ]
[Complex j Simple
[ |
[ )

Dynamic user model Static user model

Movable Fixed and portable

Vision, audio, touch,
face to face

Mostly vision and audio

Table adopted from Han et al,. (2005)

Most of the HCI related methodology implications to HRI are based on evaluation
methods. HRI also in need of methodologies to evaluate hedonic and pragmatic
qualities of robots as an interactive artefact, based on user experience and HCI
techniques (Lindblom & Andreasson, 2016); methods used for evaluation of HRI are
commonly scenario-based evaluations (Xu et al., 2012), Wizard of Oz (WoZ)
(Steinfeld, 2009), interviews and surveys and focus groups (Espinoza, Baxter, Nalin,

& Wood, 2011). User experience-based methodologies are required for the HRI
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studies to provide overarching goals for interactions between robots and humans
according to the real users in the activity domains. For instance, in Figure 12
Dautenhahn et al., (2007) provided a timeline of methodological approaches for the
robot development of an HRI study.

Completition

1st Prototype
1st User Studies

EFFORT/RESOURCES ’

TIME
>

Planning/Specs

Wizard-of-0z

Mock-up Models
Theatrical Robot
Video HRI Studies
Theatre HRI Studies
Situated Interactive Simulated HRI Studies

Hardware/Software Implementation

The dark boxes indicates useful methods over others in that period.
Note: Unlike representation it is an iterative process.

Figure 12 - Methodological Approaches to Develop a HRI Study - adopted from Dautenhahn
etal., (2007)

During the first phase of the study, in line with the planning and specifications, mock-
up models help researchers to explore and iterate hardware and software development
of the robot. After reaching a working prototype with satisfactory safety requirements,
WoZ method or video-based methods are become applicable to test possible
interaction scenarios of the robot with subjects. WoZ studies are generally performed
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with semi-autonomous robots which are controlled by an operator/s by using pre-
programmed behaviours. During the WoZ studies, operators are located in the
different area (which is not visible to the subject) from the experiment space. WoZ
studies may shape according to the subject’s responses during interaction similar to an
advanced autonomous robot which may adapt to various situations but in a manual
way. Thus, using the WoZ method provides advantages of saving time and effort
during the HRI studies to programme fully autonomous robots. Testing interactions
via using video-based method are mentioned as a suitable method for the pilot tests in
the early phase of the development of a robotic project ( Woods, Walters, Koay, &
Dautenhahn, 2006b). Video-based methods are exposing videotaped human-robot
interactions to subjects to gain insights about different interaction scenarios that robot
can perform with humans. Woods et al., (2006) conducted a study about the comfort
level of the users on human-robot encounters and compared video-based and live HRI
interaction scenarios among the subjects. Using videotaped interaction scenarios
shows no significant changes when it compared to live HRI scenarios which are also
found beneficial regarding cost and effort for the studies. Theatrical robot method is
another low-cost method to test interaction scenarios for humanoid robots by merely
using an actor to perform specific robot-like actions according to a script (Chatley,
Dautenhahn, Walters, Syrdal, & Christianson, 2010; Lu & Smart, 2011). According to
previous studies, theatrical robot method is applicable throughout the beginning of the
studies until the end of the study. However, it becomes insufficient if the researchers

have a working physical prototype of the robot.

2.1.4.2 Robot-Based Challenges

Robot-based challenges might be examined under two distinct approaches for the HRI
research that stated in the previous sections namely; Robot-centred and Robot-
Cognition Centred. Both categories are covering the technical and practical challenges
of robotic applications to provide desirable interactions and to perform tasks in virtual
and real-world environments. Robotic application domains differ from each other and
may require different level of autonomy and diverse abilities from robots such as,
social skills to interact humans in public areas, physical interaction from a companion

robot (Odetti et al., 2007), direct control of the system for search and rescue missions
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or supervisory control of one or more robots (Chen & Barnes, 2012). To overcome the
challenges that offered by numerous domains, physical, perceptual and behavioural

capabilities of robots plays a significant role.

The robot-centred approach is considering robots as a living entity which in need of
fulfilling its own needs and motivations by interacting with humans even without
executing tasks ( Breazeal, 2004). Researchers that focused on the robot-centred
approach is more likely to pursuit engineering-based challenges of building motor
controls for robots, models and architecture of emotions and behaviours that regulates
the social interaction. Robot-centred challenge problems are based on understanding
the human sensory-motor system from the computational and mathematical
perspective (Turk, 2014). For instance, Breazeal (2005) designed a social robot named
Kismet (see Figure 13) which interacts with humans by using facial emotional
expressions and speech. Kismet is regulating the interactions according to its own
needs. When the person who interacts gets too close in sensor range or not locates
herself/himself in suitable interaction distance robot reacts with emotional expressions
and motor-based behaviours to give social cues about the desired distance. As an
illustration Figure 14 shows the behavioural reactions of the robot to regulate

interaction with humans.
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Figure 13 - Kismet the Emotional Animatronic Head - Image retrieved from Breazeal (2005)
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Figure 14 - Kismet's Reactions — Image retrived from Breazeal (2004)
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From the robot perspective, another challenging issue is to design robots with abilities
to survive in the real world like living beings. Robots are dependent on their batteries
to perform actions in daily life also without their computational hardware and
actuators they will not be able to plan or act. Regarding these issues, durability and
longevity of robots are essential issues to consider to address the challenge of
designing a life-like machine. To address the challenges of the designing life-like
robots future developments in the robotic technologies may provide support in the
ways of creation of new materials, sensors and actuators such as soft materials with

sensory perception to imitate skin, self-replenishing batteries and so forth.

Robot-cognition centred challenge problems are based on the overarching goal of
designing intelligent robotic systems. In contrast to human beings, robots are
depending on limited sensor data to identify objects/humans, behaviours, intents and
their environments. Therefore, to behave in an autonomous way to solve problems,
making decisions and executing tasks in various situations robots require suitable
cognitive architecture (Stubbs, Wettergreen, & Hinds, 2007). Most of the robots are
performing in specific domains and may require different kinds of perceptual
capabilities. So, the perceptual capabilities of robots aid them to perceive, understand
and perform actions accurately and acceptable to humankind (Feil-Seifer & Mataric,
2009). For instance, if an autonomous search and rescue robot cannot distinguish a
person from a non-living object, it may cause unwanted consequences in the disaster
area. In order to communicate with humans, perceptual capabilities of robots are
crucial to exchange information with humans by using various communication
mediums that address three senses of humans such as, touching, hearing and seeing
(Hartson, 2003; Steinfeld, Fong, & Kaber, 2006).

Variety of interfaces are used as a way of communication between robots and humans
but from the robot, perspective understanding human actions by using sensor data is
offering open challenges and require interdisciplinary work from diverse fields such
as, cognitive science, linguistics, human factors engineering, design and so forth. The
complexity of the required cognitive model and software architecture of robot is based
on the robot’s level of autonomy. The more independent the robot is, the more
complex system it requires to act on its own. Thus, the effort to create intelligent
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systems that can make decisions in various situations creates domain specific
challenges. For instance, search and rescue robots are not required to be fully
autonomous to save humans from a disaster area because of imperfect perceptual and
cognitive capacity of robots due to the current state of the technology. Social robotics,
socially assistive robotics and educational robotics are some of the few problem
domains that are directly affected by the robot-cognition based challenges. Social
robots, socially assistive robots and educational robots are envisioned as future’s fully
autonomous robots that may interact with people in diverse human domains and social
environments such as, schools, science centres, museums, shopping malls, homes,
health care centres, hospitals and so forth. A robot with social competencies may
require high-level cognition in order to empathise, understand, and react to humans in

real-time interactions.

Moreover, there is an effort to construct personality and autobiographic memory to
social robots in order to richen the interactive experiences and to keep the flow of the
interaction as natural as human-human interactions. Some studies concerned about the
how a robot’s personality affects the human likeness and create motivation for humans
for further interactions. In the study of Walters et al., (2011) people tend to favour
robots that are showing similarities to their personality rather than a robot with
different personality traits which highlights the importance of the adaptation of robots
to human beings in various ways. Similar to events and experiences that shape a
human’s personality, providing robots with an autobiographic memory is another
challenge for robotics that creates an opportunity for adaptation and expansion of
robot’s personality according to its past experiences. For example, for a companion
robot that has the appropriate cognitive architecture to learn when the user/s more
likely to share information about themselves and things they prefer, as time goes by
robot may adapt its behaviours and attitude according to its user preferences by which

may also support long-term interactions.

However, beyond equipping robots with personality and memory, to simulate a social

being creates multi-facets challenges such as, understanding human intentions and

emotional expressions, using language to create meaningful sentences that suit the

conversation, adapting behaviours according to humans and so forth. These traits are
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naturally happening with or without little effort during the interaction between
humans, yet it is hard for robots to understand and make an estimation about the
humans through pre-defined software architecture. The effort to understand emotional
state of the humans from social cues such as, facial expressions and bodily gestures is
crucial to sustain the relationship between robots and humans in long term for various
application domains that involves direct interaction with humans such as, healthcare
robots that socially interacts patients by conversation or a companion robot which
take place at homes to help people doing daily tasks (Busso, Deng, Yildirim, & Bulut,
2004; Sung, Grinter, Christensen, & Guo, 2008). Moreover, with the aid of the
wearable sensors robots may benefit from physiological information of humans such
as heart rate, temperature, blood pressure to understand the situational changes in
emotional and health status of the humans to perform a behaviour or to make warnings
(Munteanu et al., 2016). However, providing robots that fully understand the human-
based information remains a grand challenge for the HRI research.

Application domains that require verbal and non-verbal interactions to communicate
with the robotic systems are directly affected by the perceptual capabilities of robots
which is also have a direct impact on the interaction with humans as well as the quality
of the interaction. This issue is addressed in the book of Breazeal (2002) as one of the
grand challenge under the topic of embodied discourse (p.236) which creates
challenges to a robotic system that required to interact with humans on equal footing
to sustain natural conversation by using paralinguistic features such as, gaze, gestures,
facial expressions and bodily movements. Hence, from the robot-cognition centred
issues emphatising with humans, understanding humans in social terms, constructing
a robot personality and autobiographic memory, adapting robot’s behaviours to the
human user and learning from humans to execute a task remains as multifacet
challenging problems for the HRI research (Adams, 2005; Nicolescu & Mataric, 2001;
Wainer, Feil-Seifer, Shell, & Matari¢, 2007).

2.1.4.3 Interaction-Based Challenges

Interaction-based challenge problems will be examined from the human-centred point
of view. Until robots can survive without any human intervention and choose not to

interact with their own will, regardless of the type or the autonomy level of the robots
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humans are always in the loop of the interaction. Considering human perspective in
the HRI, major challenging problem areas are interrelated with contributing research
fields such as cognitive science, human factors, psychology, design, ergonomics and
so forth. Anthropomorphism, providing long-term interactions with robots, media
effects on HRI, safety and trust in automation, and respecting human values can be
listed as major challenging issues from the human-centred point of view for HRI
research (Cockshott & Renaud, 2016; Epley, Waytz, & Cacioppo, 2007; Lee & See,
2004; Sheridan, 2016; Ztotowski, Yogeeswaran, & Bartneck, 2017).

Anthropomorphism can be broadly defined as attributing human-like characteristics
to a non-human thing, for example, the owner of a car calls it by a human name, or a
child might think clouds are crying when it rains. Humans are also
anthropomorphising robots and make assumptions before interacting with robots.
These assumptions are mainly affected by the robot’s physical appearance and design
of its behaviours. The anthropic robot designs also affect the mental model of the user
and shape the possible interaction scenarios beforehand (Fink, 2012). In a nutshell, a
mental model can be defined as based on person’s prior experiences conceptual
understanding of things that surround them such as, how to interact with objects or
how to interact with humans based on their culture (Kieras & Bovair, 1984; Stubbs et
al., 2007). For example, a humanoid robot may give an impression of an intelligent
human being, and the realistic design of the robotic system may reflect the conceptual
model of the performance of the real human body and communication (Sharkey,
2011). However, according to the current state of the technology providing the exact
functions of the human body is not possible, so the human who interacts with the robot
may be disappointed after discovering the incapability’s of the robot. Also, for the
realistic anthropomorphic robot appearance, there is a risk to evoke negative feelings
and repel people from interaction which is referred in the literature as “The Uncanny
Valley”.

Considering anthropomorphic attributes of robots such as humanoids and human-like

machines, designers and researchers tend to avoid uncanny valley until the technology

allows to produce super-realistic robots. The degree of anthropomorphisation of robot

design is vital to reflect the perceived behaviour and intelligence of the system as well
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as satisfying user expectations (Tapus, & Matari¢, 2009; Wainer, Feil-Seifer, Shell, &
Matari¢, 2006). The physical appearance of the robot is the first thing people encounter
before interacting with the system, so the morphology of the robot’s design reflects
upon the level of anthropomorphism and perception of the humans regarding robot’s
personality and other functional and non-functional capabilities. Based on different
morphologies such as human-like, machine-like and animal-like; Woods (2006)
evaluated different types of robots to explore the design space of robots and found that
children tend to attribute aggressive and bossy type of characteristics to human-like
robots while animal-like and human-machine like robots found in a friendly way or
cute. The concept of anthropomorphism is particularly crucial for the interaction
between children and robot because several studies proposed that children tend to
attribute more human-like characteristics to robots rather than adults (Belpaeme et al.,
2012, 2013). For the educational purposes of robots, anthropomorphic attributes made
by children may create barriers for the interaction for long-term interactions because
when they understand the actual capabilities of the robot, it may cause frustration
which can end up by not interacting with the robot at all. Similar to bias that caused
by human-like attribute to robots, media-based fictional robot characters are also

affecting the approach to interact with robots.

Media-based understanding of robots creates pre-defined interaction scenarios or
expectations from robots to people without experience with the real robotic systems
which may have positive or negative implementations for the future and current use
of robots. Robot characters from science-fiction movies, cartoons and literature have
a direct effect on the acceptance and perceived qualities of the robots in the real world
(Bartneck & Hu, 2004; Bartneck, Kuli¢, Croft, & Zoghbi, 2009). According to the
studies in the literature on the effects of media on user perception to robots, Sundar et
al., (2016) found that users perception of robots on perceived usefulness and ease of
use are related with previous fictional robots that have been seen in the movies, the
degree of sympathy to that fictional robots, and the human-likeness of that fictional
robots. Results of the study have shown that the higher level of sympathy felt to
fictional robots and more characters recalled from the movies the lower level of

anxiety felt towards the robots in the real world. Also, the study offers
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recommendations on the design of a robotic system such as the autonomous operation
IS an expectation of companion and social robots while assistant robots should be
designed to reflect positive perception on ease of use by using simple voice
commands, user-friendly interfaces. Moreover, to invoke mental models of robots to
users and to make decisions on the morphology, interactions and dialogue scripts, the
study also suggests that positively evaluated fictional robot characters may provide a
basis point for the socially acceptable robots (Kaber & Endsley, 2004; Kiesler &
Goetz, 2002). The perception of robots, in general, is critical for the integration of
robots in the daily life of humans. Exposed media related to robots may create both
positive and negative results. However, they are offering opportunities based on
benefit from mental models that shaped with the aid of the media exposure to interact
with robots which may also support long-term interaction-based challenge problems

in various application domains.

Providing long-term interactions with intelligent systems that adapt and change
according to user preferences is one of the common goals for HRI, especially for
personal robots. As robots are becoming a more personally available offering, fruitful
interactions which can endure after novelty effect ends is one major challenge (
Dautenhahn, 2007). In contrast to short-term interactions with humans in laboratory
environments, robots that exist in daily life for a variety of purposes such as, caregiver,
social companion or other task related work to clean or cook, should motivate humans
for further interaction. Previous research has established that to motivate people on
weight loss diet, a socially interactive robot named “Autom” interacts with the subjects
in a daily basis to understand the current situation of their activities and further
motivate them by giving advice and suggestions on their current progress (Kidd &
Breazeal, 2008). According to the results of this study, a socially interactive robot that
uses dialogue and touchscreen to interact with users is found more beneficial than a
computer and paper-based systems to keep track of their daily dietary activities.
Autom the robot also has established a closer relationship than other media because
the robotic system designed similar to human to the human relationship between the
caregiver and the patient who is supportive, positive and helpful. Providing robots that

interact with users on a daily basis for long-term is based on the numerous factors.
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However, to create a positive relationship between the user and the robot may be a
solution for long-term interactions with robotic systems. To establish a positive
relationship, feelings that evoked by the robot during interaction is crucial for user
satisfaction and to succeed at goals such as, robotic assistants (Kiesler & Goetz, 2002).
The ways to provide such long-term positive relationship, the safety of the users, their

level of trust in the automation are two majors of many challenges.

Human safety comes first. The physical safety of the humans during an interaction
with the robotic system is the primary concern of HRI research for the use of robots
in human environments. In the structured environments such as automated factories
with industrial robots, providing safety precautions are relevantly easier and have
standards, unlike unstructured environments in other human environments such as
homes, public spaces and so forth. Regarding proximate interactions with autonomous
robots, possible cases of collisions between robots and humans are mostly avoided by
software architecture; if it is not possible, robot designs allow physical shut-down
control buttons for different scenarios. The reflected image of a robot’s design directly
affecting the hidden safety features as well as the dependability of a robotic system.
For instance, an anthropomorphic robot design such as an animal-like robot can give
an impression of a pet and implies the mental model of the living creature in real life.
However, the mechanical and software design of the system may not be able to match
the exact mental model of the user. Thus, unexpected behaviour from the user can
cause critical injuries during an interaction with an autonomous system (Severinson-
Eklundh, Green, & Hiittenrauch, 2003). In the first place, safety and dependability of
a robotic system can be reflected by the interface design to create awareness to the
user about the capabilities of the robot during an interaction (Alami et al., 2006;
Heinzmann & Zelinsky, 2003). To provide safety and dependability to a robotic
system passive and active precautions are considered for the possible cases of injuries
(De Santis, Siciliano, De Luca, & Bicchi, 2008). Physical aspects of the design such
as the lightweight design of the overall system, soft edges, rubber coverings and
artificial skin may reduce the collision impact and give the passive impression of
dependability and trust to the user (Schaal, 2007; Zinn, Roth, Khatib, & Salisbury,

2004). Moreover, active safety precautions are hidden behind the system and driven
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by the software architecture or inner mechanisms of the system. Safety and
dependability depend on several factors when designing robots from human-centred
view. Firstly, based on the physical and functional aspects of robots such as
mechanical design, appearance/degree of anthropomorphism, actuators and sensory
perception of its environment. Secondly, considering software architecture, providing
safety in hidden features of robot’s computing system such as designing modular
software architecture for the ease of maintenance upon failures and human-oriented
planning to avoid or detect collisions (Cowley & Kanda, 2002). Afterall, humans are
the central subject of the HRI and because of the expectable nature of humans,
providing safe interaction with robots remains as a significant challenge for many

application domains of personal and professional service robots.

Alongside with the challenges above regarding the interaction between humans and
robots, adding value through the use of robots is another significant concern for HRI
field. Since the robots are interacting with humans in a more mobile and social way
by using various interfaces, there are new challenges appeared to provide social
benefits as well as problems considering human values. Social benefits of using robots
are addressed by, social robotics, assistive robotics, socially assistive robotics and
educational robotics fields. These fields are concerned about robots that help people
physically and emotionally as well as robots that support and enhance human
capabilities in various domains. For instance, a social companion robot that serves as
an personal training assistance to motivate its user to continue his/her exercise in a
regular basis (Fasola, Matari¢, & Member, 2010), a socially assistive robot that can be
used for therapeutic tool (Bharatharaj et al., 2016) or an educational robot that can
enable a student to participate in classroom from a distance by providing physical body
(Newhart & Olson, 2017). Regarding the social benefits offered by robotics, there are
several aspects to consider in order to respect human values in the human society such
as providing positive experiences and protection of user’s privacy (Feil-Seifer &

Mataric, 2011; Kopacek, 2014).

Providing positive experiences to users is essential for the integration of robots into

the daily life of humans as companions, assistants or many other roles in interaction.

Studies showed that in line with the physical appearance, behavioural actions of a
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robotic system is vital to give social cues to humans in order to communicate in an
effective way to (Syrdal, Dautenhahn, Walters, & Koay, 2008). Humans are social
beings so they expect social cues from robots such as the gaze direction of the robot
may imply where it will going to take action or its posture may give the signal of
emotional state or direction of movement (Walters et al., 2011). For example, in the
study of Woods, Walters, & Dautenhahn (2006) researchers tested the comfort level
of the users in a simulated home environment with different approaching scenarios of
the robot. Respondents rated the frontal approach of the robot as least comfortable
while front-left and right approaches rated as most comfortable. Thus, a personal robot
may provide comfort to its user by adapting its behaviours during task operations.

From the user point of view, the comfort given by the robot is dependent on various
factors such as likeability of the robot, duration of the interaction, and physical
distance between the robot and human (Mumm & Mutlu, 2011). Likeability of a robot
is based on the robot’s physical appearance and perception of the user. Duration of the
interaction can be explained as the time spent during overall interactions such as eye
contact, physical contact, conversation. Also, several studies identified that user
preferences on robots are related with the various factors that caused from cultural and
individual differences such as, gender, personality, health factors, physical attributes
and so forth (Syrdal, Koay, Walters, & Dautenhahn, 2007). Regarding user
preferences, in the study of Tapus, & Mataric (2008), personalisation of hand-off
assistive robot creates an opportunity to encourage and motivate post-stroke users for
rehabilitation exercises. Also, the adaptation of the autonomous robot to the user’s
preferences and personality provided better engagement for the user’s tasks. In the
case of using robots for socially assistive and educational purposes, robots are adding
value over other tools for the human-centred work environments by supporting
humans in a social way such as encourage rehabilitation patients to fulfil their daily
tasks and motivating students for learning a new language (Kory, Jeong, & Breazeal,
2013).

Besides the robots that are used for assistive purposes, educational robots are also

providing benefits regarding providing a positive learning experience, accessibility

and promote social interaction between students. Moreover, the intelligent robotic
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system can contribute to the learning process by reducing the workload of educators
by assisting them in teaching. However, previous studies of using educational robots
in learning environments found that educators are being critical about replaced by
robots and rejected the idea of the direct use of robots for teaching purposes (Reich-
Stiebert & Eyssel, 2015). These issues create barriers to the acceptance of companion
robots in learning domains from different cultural perspectives also, provides valuable
information from the user’s perspective on how robots should be used for educational
purposes. Another valuable use of robots in educational settings is to provide access
to students who are not able to participate in the social and educational setting in
schools because of their serious health issues. To examine this issue Newhart & Olson
(2017), carried out a qualitative study on the effects and adoption of using telepresence
robots in classrooms settings. By drawing on the concept of telepresence robots,
Newhart & Olson (2017) has been able to show that students who are attending to
lessons by using robots have challenges considering robots design and interaction-
based issues with educators. Design related issues are based on the robot’s battery life,
visual and audio perception to sustain interaction with the classroom environment.
Interaction-based issues are related with providing privacy for both sides and training
of educators and parents for the interaction with the system because some educators
stated that they were afraid to touch the robot and cause something undesirable.
Moreover, it has been noted that other students in school call their friends by their
name instead of acting the robot as a mechanical thing. According to the results of this
study using telepresence robots provided both academic and social development for
the students who are unable to attend a classroom. Overall, these studies highlight the
beneficial effects of using robots in a variety of human environments from the human-

centred point of view and addresses the challenges that are specific to the HRI field.

2.2 Educational Robotics

Educational robotics section consists of three major parts. Firstly, the theoretical

background that supports the use of educational robotics is explained by providing

information about the pedagogical learning theories and educational frameworks that

support the use of robots in educational contexts. Then, the robot’s roles and types that
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are used in education are further investigated. Secondly, based on the literature
findings, the relationship between robots and education is investigated to identify
benefits derived from the use of robots and significant issues for the acceptance of
robots in 21%-century education. Finally, according to previous studies, robot design
related issues are aggerated to provide a suitable background for the outcome of this

study.

2.2.1 Theoretical Background of Educational Robots

Educational robaotics is considered as an educational technology to engage learners in
diverse learning experiences by encapsulating a wide range of subjects for learning
(Karim et al., 2015). Educational technologies can be productive and innovative tools
for learning to improve the learning experience in the light of appropriate pedagogical
learning theories. Educational technologies that are used in educational contexts are
vast and include both software and hardware-based products. For instance, web-based
e-learning platforms, smart boards that are connected to the internet for making a
presentation to the classroom and, computers for various educational purposes
(Robertson, Macvean, & Howland, 2012). School authorities widely accept all of these
aforementioned educational technologies, policy makers and educators to improve
instruction and learning quality in educational contexts. In contrast to currently
accepted tools for learning, educational robotics as a subset of educational
technologies is a relevantly new tool and still struggles with getting involved in school
environments. In order to provide widespread acceptance of educational robotics in
learning environments, pedagogical approaches that support the use of robots for
educational purposes and satisfying the needs of stakeholders in educational context
plays a significant role (Alimisis, 2012). Moreover, in line with the pedagogical
approaches, demonstrating the benefits of using robots for the development of learners
is another essential aspect for the acceptance and use of robots in school settings.

The first educational philosophy that supports the use of computer-based technologies
for learning activities is rooted in Seymour Papert’s work called “constructionism”.
According to Seymour Papert constructionism can be defined merely as learning by
doing (Papert, 1991). Considering constructionism learning occurs when children

actively construct their knowledge by designing artefacts with the aid of various tools
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and share the designed product with the community. These tools can be computers to
create programs, tangible artefacts to design a solid structure or combination of various
materials to realise the understanding of the various concepts in the individual’s mind
as a public entity. Constructionism is an educational theory which is inspired from
Jean Piaget’s constructivist approach on the theory of knowledge about how children
learn, think and construct knowledge out of their real-world experiences (Ackermann,
1996; Piaget, 1965). Unlike traditional methods of instruction that directly transfers
the knowledge from educators to learners, both approaches are taking the learner as a
central subject. Instead of the direct transfer of knowledge, constructivist and
constructionist approaches are offering self-directed learning opportunities to learners
by providing numerous entry points to discover and reconstruct concepts to understand
the world surrounding them. While constructionism is more concerned about the
creation of a physical artefact in the real world to reinforce the construction of
knowledge, shared goal of both approaches is based on constructing a deeper
understanding of the individuals themselves and the world surrounding them
(Ackermann, 2001). After all, learning is a never-ending process and continues for a
lifetime for humans, so both approaches are concerned about the life-long learning
opportunities.

Technology is not providing the learning alone the appropriate educational strategies
are vital for the acceptance of technologies such as robots in educational environments.
Thus, adopting educational activities that are based on constructionist and
constructivist approaches provides a suitable ground for the practical use of the
technologies to create learning opportunities. There are several principles for the
implementation of both constructionist and constructivist approaches in education
(Mikropoulos & Bellou, 2013). These principles are shown in Table 4.
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Table 4 - Principles of Constructionism and Constructivism

Principles of Constructivist Approach

construction process.

Principles of Constructionist Approach

Provide experience of the knowledge

Learning by designing meaningful
projects, creating things and sharing

them in community.

Using manipulative objects to help
concrete thinking about abstract
phenomen

Identifying powerful ideas, tools to
think with from different realms of
knowledge.

learning by reflection.

Encourage the use of multiple modes of
representation.

Provide experience and appreciation of
multiple perspectives.

Embed learning in realistic and relevant
contexts.

Encourage ownership and voice in the
learning process.

Embed learning in social experience.

Encourage self-awareness of the

knowledge construction process.

Table retrieved from Ackermann (2001)

Regarding educational robots, the combination of digital and physical aspects such as
programming behaviour and components, allows them to be a suitable tool for the
externalisation of the individual’s knowledge as a public entity. Also, educational
robots are providing multi-facet opportunities to extend educational activities that
cover various concepts as a whole such as, science, technology, engineering,

mathematics, arts, social sciences and so forth (Miller et al., 2008).

Educational robots are also found beneficial for the attainment of 21%-century skills
for the students. 21%-century skills are defined as crucial skills for the envisioned
future work environment of the knowledge-based society (Trilling & Fadel, 2012).
The shift from the industry-based economy to the information-based economy has
changed the skill demands for the future work environments. In the last 50 years with

the rapidly evolving technologies, tasks in work domains are changed from manual
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and routine to more abstract ones which require different cognitive and social skills
(Autor, Levy, & Murnane, 2003). In contrast to prior work environments, today’s
work environments require high levels of communication between different cultures,
multi-disciplinary work in teams, technology-rich environments to work on ill-defined
problems and abstract tasks rather than manual and routine tasks. Thus, the shift from
the industry-based economy to the information-based economy has created global
awareness for many countries to act for the future society’s demands and these issues
are reflected their education systems (Binkley et al., 2012). Considering worldwide
designed curriculums which address the 21%-century education, Binkley et al., (2010)
classified ten crucial 21%-century skills under four main categories. Skills that are

related to these four categories are shown in Table 5.

Table 5 - 21st Century Skills

Ways of Thinking Ways of Working
Innovation/Creativity Information literacy

Problem solving Information and communication literacy

Decision making

| |
| Decsion ma |
L Critical thinking ]E
[ I

)
)
)
Learning to Learn ]

Tools for Working Ways of Living in the World

[ Communication ]{ Local/Global citizenship ]
[ Teamwork/Collaboration ][ Personal responsibility J
| ][ Social responsibility ]

Retrieved from 21 century education framework (Partnership for 21st Century Learning,
2015)

21%-century education frameworks are based on addressing student needs and interests
on an individual basis to reach beyond academic performance. Moreover, providing
interactive learning environments, collaboration and share of information between
students and developing technology fluency for the use of various technological
devices around them are some of the critical goals. Based on the prior studies to
evaluate benefits of using robots as an educational tool for the attainment of the 21°'-

century skills found beneficial regarding developing self-confidence, self-awareness,
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teamwork, problem-solving, systems thinking skills and to provide technological
fluency (Khanlari, 2013). Alongside the attainment of 21 century skills, robotic
activities that are based on the constructionist theory of learning is generally supported
by Project-Based Learning (PBL) approach in educational contexts which promotes
students to design and develop their own projects around various subjects in learning
(Capraro, R., Capraro, M. & Morgan, 2013). PBL approach is a student centred
approach where educators are more likely to be the facilitators during the process and
guide the project instead of giving direct instructions (Susan Bell, 2010). Moreover, it
provides a suitable ground for the robotic activities to teach STEM subjects as well as
other subjects in schools such as history and so forth (Blikstein, 2013). Use of
educational robotics in education providing numerous opportunities for the
implementation of PBL activities and the acquirement of 21%-century skills for
students by providing the first-hand experience for constructing new and

reconstruction of existing knowledge.

2.2.2 Educational Robots and Their Relations with Education

Until becoming a favourite tool for learning amongst the K-12 levels in education,
robots were commonly used in university level of education for engineering-based
departments technically. However, with the requirements of 21%-century education
and aid of educational movements robots are also proven as a useful tool for the
education of K-12 grades to provide interactive learning environments and motivation
to students for subjects. The primary advantage of using robots for young students is
fun and playful nature that maintains motivation to students and increase engagement
during activities. Robots are also enabling educators to cover various aspects related
to 21%-century skills and STEM subjects in one activity by making calculations to
design an intended behaviour, using programming concepts to improve computational

skills and forming student teams to develop communication and collaboration skills.

The literature on educational robotics highlighted several dimensions related to use
and implementation of actual robots in 21%-century education based on several
reviews (Karim et al., 2015; Lye, Wong, & Chiou, 2013; Mubin et al., 2013; Toh et
al., 2016). Educational robots can be used in education in several ways. All kind of

robots is providing an educational or developmental outcome in the light of the
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pedagogical approach and educational goals that aimed by facilitators. Also, several
robotic competitions attract students to STEM subject by annually changing themes
or with fixed themes to build a variety of skills that related to 21%-century education
framework. Besides competitions robots are rarely used in school environments
because of a variety of challenges based on educators and external factors such as
financial factors and integration of robots into curricular activities. However, except
the time that is spared for curricular activities, educators and students are working in
teams on educational robots either to learn about robot itself to participate a
competition or for experimental purposes to lead better learning of a variety of
subjects. According to educational goals and aims of competitions, types of used
robots may differ. Educational robots that are used in education can vary from social
companion robots to robotic construction kits which users design and programme their

robots and even toy robots just for entertainment purposes.

Moreover, design aspects of educational robots play a vital role for the acceptance of
robotic applications in an educational setting by stakeholders and the robotic activity
with their functional and non-functional qualities (Cysneiros, do Prado Leite, & de
Melo Sabat Neto, 2001; Odetti et al., 2007). Stakeholder views are another particularly
important dimension for the future development and implementation of robots as an
educational medium in school environments. For the acceptance and effective use of
robots in education, stakeholder such as parents, students and educators provides
valuable information for the design aspects (Toh et al., 2016). Based on the actual
robots that are used in education, Mubin et al., (2013) classified the significant
dimensions of educational robotics under five broad categories namely; (1) domain of
the learning activity, (2) context of the learning, (3) robot’s role in the learning, and

(4) types of robots that are used in education.

The domain of the learning activity is examined under two folds as; non-technical and

technical subjects. Robotic activities regarding non-technical subjects are the domains

of science education by including subjects of learning in schools such as mathematics,

chemistry, biology and so forth. Technical education is about studying robot itself to

learn about robotic technologies, programming and sensor-reading. Robotic activities

are concerned about providing a new set of skills for recognition of new technologies
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or developing a various set of abilities such as cognitive skills, social skills and
personal skills (Catlin & Blamires, 2010). The more significant part of the literature
on the use of robots in educational environments focusses on the STEM education and
teaching languages with the aid of social robots (Mubin et al., 2013). Also, robotic
activities that are concerned about the STEM education are mainly focused on the
topics of mathematics and physics (Benitti, 2012).

The context of learning is concerned about the location of the where learning takes
place such as in a school setting or out-of-school setting. According to observations
of the Mubin et al., (2013) robotic activities can occur as an intra-curricular or extra-
curricular activity. Currently, most of the robotic activities are conducted at out-of-
school settings as an extra-curricular activity, the reason behind this is the need of
support for educators, time limitations in school lessons and lack of curriculum for
robotic activities to suits in classroom environments (Matari¢, 2004). For instance,
summer camps, robotic clubs, weekly workshops, and robotic competitions such as
First Lego League, RoboCup JR are regarded as extra-curricular activities for students
(Bevan et al., 2010; Eguchi, 2015; Ma & Williams, 2013). Implementing robotic
activities in formal education environments is a problematic issue and offers various
challenges regarding involved stakeholders in those domains. These stakeholders are
commonly defined as educators, school authorities, students and parents and plays a
vital role in the acceptance and effective use of robots in educational environments
(Toh et al., 2016).

Robot’s role in the learning environments may divide into three main categories.
(Alimisis & Kynigos, 2009; Eguchi, 2014; Miller et al., 2008; Mubin et al., 2013).
Table 6 provides information about the roles of robots in education regarding the
context and the type of the activities based on relevant literature findings. The first
role of the robot as a learning object is a commonly adopted role for engineering
education as well as to introduce robots as a learning tool for further use. As a learning
object robot’s itself becomes the subject and students are learning about how to
programme a robot by using various programming interfaces and other robotic
components such as, sensors and actuators that provide movement. As a learning tool,
the robot itself is not the primary focus but act as a mediating tool to construct
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knowledge between the subject and the individual’s mind. The third role of the
educational robots is more likely to be performed by social robots or autonomous
robots with advanced interaction capabilities. Robot’s role as a tutor is a problematic
issue because of the shared misconception of replacing robots with humans amongst
educators as well as concerned parents who do not want their child to be friend with a
robot. The idea of using robots as a tutor is also unwelcomed by middle and high-
school level students because of the lack of empathy and emotions in the current state
of the robotic technologies (Shin & Kim, 2007). However, instead of replacing
human’s role with a robot, the overarching goal of the robotics is to empower and
improvise existing human relationships by adding value. An appropriate solution of
the role of an intelligent robot for learning purposes might be a tutor or teaching
assistant to students under the supervision of the educators as an extension of an

educator’s mind.

Table 6 - Robot's Role in Learning

Robot as Learning Object Robot as Learning Tool Robot as Tutor/Companion
Learnlng robatics Project based activities Teachmg language

[ Robot programming || STEM subjects }[ Learning through social interaction |
[ Robot construction ][ Computer science J[ Empowering social relationships J
[ Artificial intelligence ][ Curricular subject }[ Motivator for study/exercise }

Types of robots that are used in education may differ according to the objectives of
the user. Mataric & Feil-Seifer (2007) provided two broad categories for the
educational robots namely; (1) do it yourself (DIY) robots, and (2) pre-assembled
robots. DIY robots can be listed as robotic construction kits, modular robotic kits and
open-source robots (Karim et al., 2015). Pre-built robots can be social robots or robotic
dolls to teach language or robots for research purposes for advanced programming.
Educational robotics has a broad design space of robots, and it is not possible to

illustrate every single robot, but in the website of (http://www.theoldrobots.com),

there are numerous examples of first wave personal and educational robotics until
2000’s. Also, ER4STEM (educational robotics for STEM) project provided a resource
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to examine educational robots based on their types in the following link,

(https://educational-robots.zeef.com/roberta.roboter0)

Majority of the robots that are used in schools are robotic construction kit type robots
because of their flexibility to design various robots and ease of programming via drag
and drop graphical user interfaces for novice users. Also, based on the educator’s goals
in learning different types of robots can be used in the robotic activity. Using robots
to teach programming may not require a physical robot design so educator’s and the
student may prefer pre-assembled table-top robots to save time from the building
process. If the goal of the educator is the education of the children with autism so
she/he may prefer a pre-built social robot to build a communication bridge with
students (Robins, Dautenhahn, & Dubowski, 2004). However, selection of the type
and design of robot based on educational purpose and age group of students is crucial
to enable students to design and to programme their robots or to engage students for
interaction by using appropriate robot appearance in the context. For instance,
kindergarten students may not be able to stick small parts of a construction kit to
design a robot because of their developing fine-motor skills. Also, they are unable to
programme a robot by using text-based programming language, so most of the robots
that are specialised for the use of kindergarten students are commonly have bigger
parts, physical programming blocks or interfaces and use bigger visual icons
(Hourcade, 2007). Addressing all kind of learner with an evolving educational robot
that transforms to provide further learning opportunities according to developed skills
and knowledge of the students is one of the significant challenges for the field of

educational robotics.

Robots are considered as a powerful mindtool for the synthesising knowledge of the
students into a physical artefact by enabling them to express themselves and their
understandings through designing and programming a robot. Considering major
dimensions of educational robotics in K-12 education, most of the factors that form
the dimensions depend on the educational goals of the institutes, educators or
curriculums. Based on the 21%-century education frameworks majority of the robotic
activities are used for teaching STEM-based subjects, language and increase the
engagement and motivation of students to be better learners. Students that are engaged
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in robotic activities are more interested in science concepts and have a better
understanding of the technologies around them because of experiencing and making
those technologies in the first hand. Robotics after gaining popularity as an educational
activity with the worldwide competitions; most of the uses of educational robots
remained narrow and focused only to technical aspects of the robots (Rusk et al.,
2008). Therefore, to attain most of the students with crucial skills for future society
such as technology fluency, there is a need to reach all kind of learners with different
areas of interest. Rusk et al., (2008) provided essential strategies to broaden
participation to robotic activities and encourage robotic workshop conductors to focus
on broad themes instead of engineering-based challenges and combining diverse

materials to enhance creative activities of students.

Moreover, encouraging storytelling for robotic activities proposed as an attraction for
students with different play styles to provide better engagement. These different styles
of play are based on the studies of Shotwell et al,. (1979) and categorised into two
main categories namely; “patterners” and “dramatists”. Patterners are described as
players of puzzles, building blocks and children who are interested in structures and
patterns. On the other hand, dramatists are more likely to interested in acting
conversations between toys and pretending social interactions with the materials
around them during play. In conclusion, the previous studies demonstrated that
addressing all kinds of learners and students with diverse areas of interests is crucial
for the engaging robotic activities to provide learning outcomes for a higher number
of students (Alimisis, 2013; Blikstein, 2015; Khanlari, 2014; Yanco, Kim, Martin, &
Silka, n.d.).

Since most of the robots that are used for educational purposes are used as a tool for
learning or teaching robot itself, robotic activities in school settings are generally
based on constructionist learning theory. Guided by the constructionist theory of
learning, PBL approach is one of the most commonly adopted strategies to implement
robots as intra/extracurricular activities. While using robots lead students to design
their ideas and generate opportunities for conceptualising subjects based on their way

of understanding. According to the principles of the constructionist theory of learning,

69



based on the previous studies Table 7 provides the technological and project-based
steps of integration of robots in education.

Table 7 - Robotic Activities From Student Perspective

Project-based Steps of Integration of Robots in Education

Designing a robot - based on student’s imagination.

Developing a program using a programming environment

Downloading the program on the robot.

Executing the program.

Retrieved from Dagdilelis et al., (2005)

Steps that shown in Table 7 is based on PBL activities by using robots. However, using
robots to teach students language via social interaction or other subjects not demand
hands-on activities from students. Instead, it requires advanced intelligent capacity
and engaging interaction qualities from the robot to make the learning activity fun and
beneficial. Beyond using robots for directly providing educational benefits,
telepresence robots are used to create access for students who are not able to attend in
real school settings because of critical health issues (Newhart & Olson, 2017). Robots
may provide a variety of benefits to serve educational outcomes either directly or
indirectly. PBL approach for robotic activities, learning by design, using social robots
to teach students a new language and building a communication bridge between
educators and students by using robots are included robots to the learning process as
an active tool or peer. Also, such uses of educational robots’ aid students to develop
new skills based on the objectives of learning. For instance, using a telepresence robot
to enable a student to attend classroom is a way of using robots indirectly by excluding
robot from the learning experience. Robots that are used for educational purposes
provides numerous benefits on development and behaviours of students while
encapsulating diverse subjects for learning to act as an all-in-one tool for educators.
However, using relevantly new tool for learning creates challenges for the
stakeholders that are involved in learning activities also for the design and
development of educational robotics. The more detailed account of the benefits and

challenges of educational robotics is given in the following section.
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2.2.2. Benefits and Challenges of Educational Robotics

In this section based on the relevant literature benefits and challenges are investigated
from the educator and student perspective. Benefits of robots are presented related to
21%t-century education goals and other beneficial effects regarding student skill and
behaviour development. Challenges of educational robots are presented to provide
information about the major challenges for the use and acceptance of educational
robotics in learning environments by considering educators, students and external

factors such as cost and policy related issues.

2.2.2.1 Benefits of Educational Robots

Benefits of using robots for educational purposes is examined only for student age
groups according to K-12 levels of education and mostly related to developing self-
efficacy, self-regulation, and cognitive and social skills. Examination of benefits that
derived from the use of robots is related to adopted educational strategy, focused age
group and focused subject matter. Much of the literature on educational benefits of
robots focus on the STEM-related skills as well as skills related to 21%-century
education frameworks by using non-autonomous robots as a tool or as a learning
subject in different levels of K-12 education. According to high-cost and required
extensive background knowledge of robotics, only a few studies are concerned about
using socially intelligent robots for educational purposes. For example, for the
children who are under treatment in the hospital environment, robot-assisted learning
is applied to encourage them to their diet and to grant motivation via speech for
physical exercises (Espinoza et al., 2011; Nalin, Baroni, Sanna, & Pozzi, 2012).

Regarding robots in formal and informal education settings, there are several
systematic reviews that provide generalisable information in order to understand the
benefits of robots in terms of addressed subjects, adopted pedagogical strategies,
commonly used robot types and perspective of the stakeholders (Benitti, 2012; Karim
etal., 2015; Khine, 2017; Mubin et al., 2013; Toh et al., 2016). As a common outcome
of these reviews problem solving and teamwork skills are most mentioned beneficial
outcome of using robots. However, the influence of robots on the acquisition of new
skills and improvement of existing skills for students are commonly mentioned in the

literature as cognitive and social skills.
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The effort to change the educational systems from traditional educator-centred to
student-centred classroom is accelerated the integration of learning concepts with
robots in learning environments. In the long term, use of educational robots is expected
to attract students into STEM-related professions. Use of robots for education also
crucial to provide fundamental skills for the future work domains such as technology
fluency and ICT literacy. There are common views on the use of robots that provide
positive change in the development of social and cognitive skills of students (Khanlari,
2014). Also, use of robots improves student’s self-efficacy and self-regulation
strategies with the offered challenges such as work in teams, debugging a written code,
defining/solving a problem and so forth (Park & Han, 2016). Multidisciplinary nature
of robots makes them suitable tool for learning technical and non-technical subjects in
constructivist/constructionist learning environments. Robots that are used for
educational purposes are increases the motivation of students by igniting their
curiosity with engaging activities that are facilitated by educators. Therefore, robots
provide fun and entertaining learning environments to students while allowing them

to explore new concepts through trial and error.

Toh et al., (2016) classifies benefits that are based on using robots on student skill
development into four broad categories namely; cognitive, conceptual, language, and
social. Cognitive skills can be broadened as problem-solving, critical thinking,
systematically thinking, research skills, decision making, and creative thinking
(Alimisis, 2013). Moreover, previous studies in the review demonstrated that use of
robots deepens the understanding of abstract concepts of science through directly
experiencing them in the physical world. These concepts can be related to geometry,
fundamental laws of motion, forces and so forth. Social skills of students are
developed through active learning environments which encourage learners to
communicate their ideas by respecting other. Multidisciplinary nature of robots
requires students to work in teams and collaboration to reach a common goal.
Therefore, students learn how to communicate their ideas transparently, making
decisions to solve a problem and sharing their ideas to help each other in a robotic
activity or competitions. Also, designing robots through an iterative process develops

students self-efficacy and self-regulation strategies, such as self-confidence and
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emotional control (Saygin, Yuen, Shipley, Wan, & Akopian, 2012). Designing and
controlling robots based on constructivist/constructionist approaches provide students
with personal meaning and deepen their learning with joy (Johnson, 2003). Robotic
activities that only study robots itself from the technical point of view may remain
narrow to provide a full range of skill sets to students or to attract students for the
construction of new knowledge (Rusk et al., 2008). Thus, combining robotic activities
with art is also maintains new directions for learning as well as to acquire new abilities
such as learning new craft materials, internalising science concepts through a
personalised artefact, improving aesthetics perception and so forth (Hamner & Cross,
2013; Yanco et al., n.d.).

However, active development of skills and changes in behaviours of students is based
on educator’s competencies rather than robots. Robots are only a tool with a wide
range of possibilities for educators to provide motivational and meaningful learning
environments to students. Conducting robotic activities is one of the significant
challenging issues for the educators. For the acceptance of educational robots as a tool
for learning in school environments educators plays a vital role. Integration of new
technologies to learning environments is concerned about a variety of factors from
stakeholders to products itself. In the following section challenges regarding

educational robotics is presented.
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2.2.2.2 Challenges of Educational Robots

Challenges of educational robotics are commonly based on the acceptance and the
actual use of robots in the educational settings. Educators and students as primary
users of the robots are two of the essential stakeholders for the acceptance of robots in
education. Other stakeholders are parents, policymakers and institutional authorities.
Especially educator’s role is essential for the further use of robots as an intra-curricular
activity in formal education, and they needed to be supported in various ways. Other
challenges are research-based issues to assess educational benefits of robots whether
they are increasing the achievements of students or improve learning from robotic
activities (Alimisis, 2012; Nugent et al., 2010). Also, suitable planning curriculum for

the use of robots is commonly addressed the issue as a challenge.

From the educator point of view of challenges, Mataric et al,. (2007) maintained the
challenges of educators namely; lack of educator’s time, lack of educator’s training,
lack of suitable academic materials, lack of ready for use lesson materials, and lack
of a range of affordable robotic platforms. Also, Sullivan (2009) defined that lack of
institutional support, and educator’s beliefs, attitudes and practices about teaching
and technology as barriers for the integration of the new technologies in classroom

environments.

Educator’s time is generally limited during the school hours because of their heavy
workload to keep on track of the pre-defined curriculum. Integrating robotic activities
requires time to create an overall plan, the arrangement of the materials, tests of the
tasks and so forth. In the case of a robotic activity with construction kits, a messy
working environment and after activity time can require practical work from both
educators and students. Moreover, constructivist/constructionist learning activities
require more time investment than existing curricular activities (Sullivan & Moriarty,
2009).

Training of educators is crucial to attaining desired benefits from the robotic activities.
A large number of studies focuses on the educator training and creation of models for
training educators about the new technological concepts to provide background

knowledge as a starting point (Trantow, Stieger, Hees, & Jescke, 2013). Also, many
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educators feel uncomfortable with the idea of using robots because they do not find
themselves capable enough regarding practice and knowledge of robotic technologies.
Therefore, training of educators may overcome these set of challenges if provided by
the experts from the field of educational robotics (Matari¢, 2004). The scope of the
training is commonly concerned with providing technical and pedagogical ways on
how to use educational robotics as a learning tool (Frangou, 2008; Kim et al., 2015).
Use of robots for other purposes than learning tool also requires training for educators
to make them feel comfortable to physically interact with robots such as, using
teleoperated robot to enable a student to participate in classroom or give lectures from
a distance by educators (Edwards, Spence, Harris, & Gambino, 2016; Newhart &
Olson, 2017).

Lack of suitable academic materials and ready for use lesson materials are provided
by many commercially available educational robot producers. However, recipe-like
manuals for lesson plans by using robots creating barriers for a more profound
understanding of used technologies. Also, firmly followed directions of design
manuals/lesson plans is limiting creative solutions to problems and possible
discoveries of concepts for learners (Vandevelde & Vanderborght, 2013). Provided
ready-to-use lesson materials for the implementation of robotic activities should be

flexible enough to adapt educator’s pedagogical approach and goals.

Lack of a range of affordable robotic platforms is another major problem for the
implementation of robotic activities in formal education. Besides wealthy private
schools, most of the schools are lack of funding to purchase a large number of robots
(Matari¢, 2004). Using robots for education also requires other technological
platforms such as, laptops, desktop computers or tablet for the programming of robots
which means additional purchases for schools without proper laboratory setting.
Moreover, to enrich the range of activities commercially available robotic kits may
require additional purchases of actuators, sensors. Student/robot ratio is vital to gain
benefit from robotic applications because a large number of student teams may not
allow all students to interact with the system to design, build or programme (Bers et

al., 2002; Ucgul & Cagiltay, 2014). Therefore, to support the use of robots in education
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providing low-cost compatible robotic platforms with a wide range of applications is
essential (Saleiro, Carmo, Rodrigues, & Du Buf, 2013; Weinberg & Yu, 2003).

Educator’s beliefs, attitudes and practices about teaching and technology is one of
the most vital aspects of the challenges. Implementing new methods for student-
centred teaching which is not familiar to the educator may generate challenges for the
use and acceptance of the technologies such as, computers, educational robots.
Employment of the student-centred approaches shifts the educator’s role from the
competent authority to facilitator or peer in learning so that this shift may bring
additional challenges to educators in the learning process of the students. However,
technology itself does not lead to change in the practice of the teaching of educators.
Instead, school policy, a personal reflection that derived from the use experience and
the training programmes are proven to be lead changes in the ways of teaching of
educators (Windschitl & Sahl, 2002). Moreover, technology acceptance of educators
is related to perceived usefulness and ease of use of the systems (Hu, Clark, & Ma,
2003).

Other challenges are based on how students use robots and behave during the robotic
activities. Also, increasing the rate of participation amongst a diverse range of learners
from the different social background, academic performance, and learning style is a
mutual challenge for all kinds of robotic activities (Cho, 2011; Rusk et al., 2008;
Virnes, 2014). Since the use of robotic systems is more likely to based on the robot’s
design features, interaction capabilities and physical appearance young students tend
to anthropomorphise robots more than older students in middle and high-school level
(Shin & Kim, 2007). Therefore, other robots except used as a tool for learning are
expected to be more intelligent and capable than its real interaction capabilities by
younger age groups. Also, physical appearance/visual appeal of robot design plays an
important role to engage students to interaction and affecting the non-functional
qualities of the system such as likeability, perceived usefulness and ease of use and so
forth. Also, the familiarity of students with the robotic technologies another significant
aspect for the fluency of robotic activities. Since students are with different skills,
academic performance, interests and social background robotic activities with broader
perspective may provide learning experience regardless of differences. However,
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students can develop their abilities as good as the tool’s capacity to provide wide-

range of challenges that suits the subjects and suitable for the student’s competencies.

Allin all, challenges are mostly concerned about the learning outcomes and motivating
students and support for educators. Design related challenges of educational robotics
is an overlooked area of research besides the learning outcomes and curricular issues.
The overall design of robots and robotic Kits has a direct influence on the learning
experience and to support educators using programming user interfaces, assembly
parts, electronic components, micro-boards and so forth. In the following section
design considerations for educational robotics is presented based on the previous

studies in the literature.

2.3 Design Considerations for Educational Robots

Widespread use of educational robotics is as an educational medium for learning to
provide progressive learning experiences and attract students to more learning in
educational environments. Compared to educational concerns of using robots, less
emphasis is given to the design of robotic systems. However, robotics mainly based
on sensing and acting according to a given programme which requires interaction from
users with programming interface and physical components of a robot that designed
by other humans. Before presenting issues related to the design of educational robotics
as a system for revisiting the types of robots for educational purposes might be
beneficial. Educational robotics are under the category of personal robots which can
be autonomous robots, programmable robotic platforms or robotic toys. A typical use
of robotics in educational activities is programmable robotic platforms and robotic
toys because of the high cost and unavailability of suitable autonomous robots.
Advanced robotic platforms are more likely to use for research purposes to mimic
nature or designing social robots with advanced software architecture. Previously,
types of educational robots are classified namely; robotic construction kits, open-
source robotic platforms, pre-assembled robots, robotic toys, self-build and micro
boards (Catlin & Blamires, 2010; Karim et al., 2015). Since the
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constructionist/constructivist learning approaches are commonly adopted for the
robotic activities, construction kits are providing a wide range of projects to allow
students to express their ideas in various ways. Chioccariello et al,. (2004) provided
possible modes of robots can be created by using robotic construction kits namely;

vehicles, mobile robots, kinetic sculptures, animated constructions, and soft toys/dolls.

These types of robots are believed to provide relief for the use of inexperienced
educators. Also, robotic activities can be planned in order to design robots from scratch
by purchasing micro boards, sensors, actuators and using different methods to produce
robot parts such as 3d printing, laser cutter or manually (Vandevelde & Vanderborght,
2013). While designing robots from scratch provides more learning in contrast to
others the process is much more time consuming and not suitable for the novice user
to quickly realise their ideas. Providing access to users from different levels of
expertise with one educational tool is an essential aspect for the sustainability of

learning activities and the product itself.

Moreover, enabling students for the creation of their technologies and exploration of
concepts is one of the primary goals when designing robotic construction kits. Robots
that are built by students are suitable tools for working on ill-defined real-world
problems that form suitable themes for the PBL activities. In the learning
environments without direct instructions, educators and students both go through the
design process of robots together and learning together. According to previous studies
educators are having difficulties during the design process and in need of suitable
design process guide to guide students through projects (Burdick & Willis, 2011;
Hjorth, Smith, Loi, Iversen, & Christensen, 2016). Hjorth et al., (2016) maintained a
design process by combining design theory, in-school practice and peer-to-peer
learning to educate educators for further development of new practices. The mentioned
design process is shown in Figure 15. According to the proposed design process,
educators may play various roles such as, for the introductory courses they can be an
instructor, facilitator of activities, and mentor for student groups to create reflections

by asking more question to make them think as individuals and in groups.
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Figure 15 - Design Process for Digital Fabrication — Figure is adopted from Hjorth et al,.
(2016)

Similar to challenges that educators face during the use of robots, these challenges are
understanding the complicated design process, managing digital technologies and
design materials, and balancing different modes of teaching (Hjorth et al., 2016).
According to a case study in the research, some of the educators had challenges in
understanding complex iterative design process thus judging student ideas as right or
wrong instead of helping them to generate and develop ideas. However, adopting a
flexible design process through activities is helping educators to save time and

progress systematically (Rasmussen, & Christiansen, 2013).

Students and educators as direct users of the robotic products may require additional
specialised features from robots based on their needs. To address active users of the
educational products Learner Centred Design (LCD) and User Centred Design (UCD)
approaches are adopted by various researchers and developers in the field of
educational robotics (Fernaeus, Ljungblad, Jacobsson, & Taylor, 2009; Kim, Oh,
Choi, Jung, & Kim, 2011). Both approaches are taking user as a central point to
develop and design new technologies while encouraging users to provide feedback
through the design process by using various methods (Marti & Bannon, 2009).
Grounded on constructivism, LCD focuses on three broad principles while designing
interactive interfaces namely; growth, motivation, and diversity. Growth principle is
an effort to cover all students with diverse developmental needs from different age
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groups as well as to provide progressive learning to master skills or technologies.
Motivation is crucial to sustaining the interest of students to subject or topic and should
be taken into consideration from the planning phase of the activities. Diversity is
another consideration to address students from different cultures and backgrounds.
Also, the relationship between students and robotic technologies are examined by
Chioccariello et al., (2004) namely; play material, software and learning
practice/environment. Play materials are mostly sensors, actuators, micro-boards, and
construction materials. Robotic construction Kits are providing various materials to
build and design, but planners of the activities may also adopt using different materials
such as cardboard, pipe cleaners, papers, plastic cups and so forth. The software is a
crucial aspect of educational robots to the provide students ease of use to control robots
by efficiently using a set of commands according to their level of expertise and age

group (Garcia-Penalvo et al., 2016).

Design principles and considerations are commonly based on the interaction between
students, and educational robotics is strongly related to students’ play style and
learning activity themes. Different styles of play, interaction and perception of
students are examined in the numerous studies for the tangible educational tools and
educational robots (Alves-Oliveira, Paiva, Arriaga, & Hoffman, 2017; Cowley &
Kanda, 2002; Goh & Aris, 2007; Price & Jewitt, 2013; Resnick et al., 2000; Ben
Robins et al., 2010; Zuckerman, Arida, & Resnick, 2005). Robins et al., (2010)
provided valuable information on how students play and suggestions on both the
design and play themes for educational robotic toys. Different styles of play and play

themes of educational robots are listed in Table 8.
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Table 8 - Student Playstyles and Play Themes with Robotic Toys

Exercise play Symbolic play

These kind of games played alone This kind of play involves role

or collaboratively with other playing and enacting. Narrative
children. Enjoyment is an based themes can benefit from
important aspect for these kind of * this type of players.
play themes.

Assembling play Play with rules
These types of games may These kind of plays such as, board
provide practical experience to by  games can be played with
construction of artefacts. educators and other students

collaboratively.

Adopted from Robins et al., (2010)

Different styles of play provide a stimulus for the students to explore new concepts
while having fun through the process. Using non-programmable robots by users and
programmable robots may differ regarding play scenarios and styles. While
programmable robots may provide incremental learning opportunities with increasing
complexity of design and play themes; non-programmable robots may remain
insufficient if they are not evolving due to user’s development. According to current
available cost-efficient technologies for the direct use of a considerable number of
students and educators, programmable robots are preferred over intelligent social

robots.

Programmable robots grant suitable ground for the constructionist/constructivist
learning environments by allowing students to control, design and construct their
artefacts with the aid of various software tools, physical tools such as screwdrivers,
electronics, and other manufacturing equipment. Design of programmable robots is
sufficient as long as they allow gradual progress of the students through their lifetime
school life. From beginner level to learn the basics of programming and design through
the expert level to design complex robots with complex behaviours, users must have
broad access to the system. In order to provide in-depth access to users for the use of
educational tools, Beyond Black Boxes (BBB) project aims to encourage students to
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build their own technological devices through scientific explorations and understand
the technology surrounding them (Resnick et al., 2000).

Moreover, the project uses separate electronic measurement devices and actuators to
provide freedom of design as well as the use of a variety of design materials. Black
box term refers to technological devices that users cannot understand the inner
working mechanism or how they work. For instance, sensors that are making
measurements or many other consumer electronic products. Use of such tools are not
providing a personal connection, so transparency is a crucial aspect for black-box tools
to construct more knowledge through scientific activities. However, hiding some
elements of design sometimes can be more beneficial than exposing everything.
Making design decisions on the appropriate transparency that provide access to the
user is a challenging issue also allow designers to highlight critical concepts for usage
(Resnick et al., 2000). Also, making the right decisions on black boxes and transparent
objects is crucial for the design of robotic construction kits. Resnick et al., (2000)

highlighted a few crucial aspects of micro-computer based scientific activities namely;

e Computational technologies are focusing on exploration and creation of new
tools by students rather than following pre-designed demonstrations such as
provided by science experiment books and other resources.

e Using computational technologies in activities provides advantages to explore
and simulate science concepts that are not possible in real-life environments

e Computational technologies are loosely affected by the constraints derived
from form and function relationship because the function of the most
computational technologies such as sensors is independent of the form.

e Interpreting sensor data not just for analysis of the experiments but to control
motors, lights or other electronic devices which may result in creative projects.

e Programmability of the computational technologies that allows modification,
customisation and extension of functions improve the quality of constructions.

e Ease of use of the control and sensing based computer programmes enable

students to design new projects or understand/read previous ones easily.
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The mobility of the tool which allows students to carry the tool with them also
provide opportunities to embed components into other objects or remote
control/operation of components from a distance.

Use of wide range of materials to combine with other existing robotic
construction Kits also fosters creative and personal artistic representations on

projects.

Moreover, designing robotic construction kits are often related to constructionist

learning theory. Thus, the philosophy behind the tool has a direct result on the design

of the whole system to provide expressive activities that allow students to construct

various of knowledge and artefacts in learning environments. Educational robotics are

consisting of three essential parts namely; programming environment, construction

materials for the physical embodiment, and set of electronics including sensors,

actuators, micro-computers and so forth. Robotic construction Kits are including the

same elements. Based on three decades of their experience, Resnick et al., (2005)

provided guiding principles for designing robotic construction kits namely;

Supporting Exploration — Supporting exploration is related to learnability of
the tool as well as ease of assembly and disassembly or trying things with easy
turnback options. Also, the modularity of the system is crucial to provide users
to try out a variety of options comfortably. To support exploration addressing
conceptual models of users while reducing cognitive load for a task is vital to
communicate the flexibility and fun nature of the tool.

Low threshold, high ceiling, and wide walls — Low threshold means allowing
novice users to efficiently realise their ideas with the tool while high ceiling
offers expert users to work on complex projects. Wide walls refer to provide
wide set of interaction possibilities with the learning tool not just for the
creation of robots but also other types of artefacts such as, smart home systems,
small-scale city simulations or in the digital environment to create narratives,
stories, characters and so forth.

Supporting Different Styles — Users of the educational robots are individuals
with different personal interests, social background, and learning style. Hence,

supporting differences between users through a flexible tool to adapt to
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different ways of learning, playing and thinking is another crucial aspect when
designing tools to support creativity. Some users may prefer to go through a
trial and error process while others may prefer to consume more time on
abstract thinking and planning.

Supporting Collaboration — Collaboration is one of the primary skills in the
21%-century education framework as well as for current and future work
environments. Collaboration involves abilities to work in teams, a division of
workload due to strengths of the team members and sharing of information in
a variety of forms from internet communities or via speech or written
document. Designing learning tools that allow collaboration during the design
process empower students social and communication skills.

Supporting Interchange — refer to using not only one tool but the combination
of tools to extend explorable areas of knowledge based on user’s interests. To
support this interchangeable document types that allow export and import from
different tools is crucial to allow extension of the cognitive workspace for the
user.

The simplicity of Design — Instead of offering more features with intricate
designs which are not easily usable by users. Minimally designed
technological tools are helping users to accomplish more complex tasks with
ease. For non-adult users, the simple and easily understandable design is
essential not to cause frustration during learning activities. A simple design
may refer to functions of the tool as well as the level of abstraction. For
instance, micro-computer based robotic construction kits can have large
numbers of input and outputs for actuators and sensors. However, with fewer
inputs and outputs than user’s demand is proven to lead more creative solutions
and more demand for tools (Martin et al., 2000). The simplicity of design is
also addressed by other researchers regarding reducing the information given
from the tool but only make the detailed information available when asked to
provide discoverability (Dillenbourg et al., 2011).

Choosing Black Boxes — The idea behind when designing tools for learning to

decide the hidden elements and other fundamental elements that users can
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shape. The overall design of the tool by including programming environment
and physical components may adjust the level of interference of users
according to learning goals that possible. For instance, drag and drop based
programming environment enable novice users to manipulate representative
numeric values to control motor power or sensor values by hiding actual code
into blocks. By exposing these black-box programming blocks, same
programming environment may also allow expert users to reach raw code.
Also, actuators and sensors that are used as black boxes can be designed by
students if the tool provides enough flexibility for design.

Balancing User Suggestions — Involving users in the design process of learning
tools is critical to address real user needs and requirements for the tool. There
are numerous methods to involve users directly and indirectly by implementing
methods such as user interviews, observations, and focus groups to gather
feedback on the design requirements (Druin & Hendler, 2000). However, there
are challenges in order to balance the user involvement. User’s requirements
sometimes can be unfeasible as well as occurred changes in the tool may go
unnoticed. Providing positive user experience that makes changes in the use of
the tool is crucial.

Iteration — Testing prototype ideas with real users in real settings in an iterative
way is vital for the successful design of a learning tool. Trying multiple
alternative tools with functional prototypes provides valuable feedback from
users. Therefore, to create functional prototypes brings challenges for rapid
prototyping instead of only using storyboards and possible scenarios. This
process defined in three steps; (1) observation of users with the functional
prototype, (2) making changes according to user feedback, (3) applying
changes into the functional system and iterating again.

Given principles encapsulating general aspects of the design of non-autonomous

educational robotics. Previous studies extracted functional and non-functional

requirements from the mixture of user interviews, observations, focus groups and

through tests of functional prototypes (Blikstein & Sipitakiat, 2011; Resnick &
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Rosenbaum, 2013; Resnick & Silverman, 2005; Robins et al., 2010; Vandevelde et al.,
2016). Requirements derived from different types of robots that share the same
perspective on design because most of them are considered as robotic construction Kits
or DIY robotic construction kits. These requirements are commonly based on
durability, reliability, compatibility, modularity and complexity of the design of
robots.

Durability term is used to address physical durability of the robotic system regarding
how to resist unexpected behaviours of students or impacts to protect internal

vulnerable electronic components.

Reliability is concerned about the recovery upon the user and system-based failures
on active components of the robotic system such as programming interface, sensors,
and actuators. For example, user-based errors can be accidentally adding or deleting
some commands on the interface or closing the programming interface after

transferring the code to the robot.

Compatibility of robots for learning purposes is also provided common ground for
exploration and use of a variety of tools for robotic activities. Commercially available
robots are mostly using their programming environment to transfer designed
programme code into the robot. Also, some robotic construction Kits are using specific
connections for plugging electronics while not allowing third-party electronic
components. Incompatibility of educational robots with third-party applications and
components creating barriers to expand learning experience by providing a wide range

of alternative designs.

Modularity and complexity of design are related to the adaptability of the educational
robots according to student age group to provide age-appropriate learning activities.
Modularity is concerned about ease of assembly and disassembly of the construction
materials and electronics. Also, related to extending some sensors, actuators or micro-
computers by connecting each other in various ways based on their design decision.
Modularity offers a wide range of possible robot designs and high-ceiling for the users

who want to work with the more complex robot. Adjusting features and components
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affects the complexity thus creates opportunities for a diverse range of learners from
different levels and age groups.

In conclusion, the fun aspect of educational robotics is an attraction for students
because they are unique tools for learning activities that provide a hands-on learning
experience. Regarding students, anthropomorphism also plays an essential role in
making robotic activities fun and exciting because students tend to attribute human-
like emotions in their designed robots while they are playing (Goh & Aris, 2007).
Design of educational robots also includes social aspects into consideration such as,
supportive communities that share knowledge on specific problems or to sharing
projects in forums to inspire other users to remix their code and so forth (Martin,
2015). However, for the implementation of educational robotics into school
environment design of the robot should be taken into consideration as a system that
involves a clear understanding of the curriculum, social community platforms, tools
to work and think with and keeping stakeholders informed about the current

developments in the field to empower educators
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CHAPTER 3

3. METHODOLOGY

This chapter focuses on the methodology adopted in this study. First, the purpose of
the interview is explained together with the justification of the methodology and then
adopted qualitative research methods are expanded. Interview contents are described
regarding how they refer to research questions of this study in line with the expected
outcomes. Afterwards, sampling strategy is described together with the challenges
faced while finding respondents. Finally, decisions made for the data analysis are

presented, and the toolkit which facilitated data analysis briefly mentioned.

3.1 Researcher’s Experience with Robotic Activities

During the study, the researcher conducted several workshops with students between
8-16 age range through five months by using LEGO Mindstorms core set. During this
period, three different robotic activity themes were selected to design robotic projects
with students. First, two of the robotic workshops were conducted simultaneously by
grouping students according to their age. Young student groups were between the ages
of 8 and 10. Older student groups age range were between 11-12. The third workshop
was more like a robotic club that lasts for two months which students attend four hours
per week after their school. The researcher designed the workshop themes and
materials. However, the length of the overall robotic activities, workshop hours were
determined by the institution that hosts the robotic workshops.

Throughout these workshops and robotic club, researcher, faced numerous challenges
that are already mentioned in the literature and also by the respondents such as,

classroom management, keeping the balance in the student teams for an appropriate
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division of labour, lack of institutional support, and many others. These workshops
provided the first-hand experience for the more in-depth understanding of challenges
that educators faced by using robots with students on robotic activities. Therefore,
experiencing what educators face when working together with students throughout a
robotic project provided the researcher with a great insight during the data analysis

process.

3.2 Purpose of the Interview

The primary purpose of the study is to elicit design requirements for educational robots
to support educators in their robotic activities within the range of primary and
secondary levels of education. Within the scope of educational robots, the purpose of
the interview is to explore user-related challenges and perceived and experienced
benefits of using robots as a learning tool. To support educators and learn about their
needs in the learning context, understanding their prior and actual experiences on the
use of educational robots is crucial. Various methods have been proposed to test
effectiveness of educational robots as a learning tool. Some of the previous studies
focus on outcomes of using robots in education (Eguchi, 2015; Park & Han, 2016;
Sullivan & Bers, 2016). These studies investigated the benefits of robots to learning
outcomes on understanding of science concepts and positive behavioural change of
the students in long term by using robotic construction Kits in different activities.
Instead of focusing on robot design, previous studies’ focus is more on quantitative
evaluation of student learning outcomes. Therefore, there is a need for qualitative
studies which provide more in-depth understanding of using robots to support learning
activities. Moreover, qualitative methods are offering an effective way of gaining
more in-depth understanding of the user experience and the real needs of the educators
for the further development of robots for education (Law, Roto, Hassenzahl,
Vermeeren, & Kort, 2009). Regarding active users of educational robots, educators
are also important stakeholders as students because they can observe student’s

interaction with robots by the first hand. Also, educators might have different needs
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from educational robots as user. As implemented in this study, stakeholder interviews
are one of the most commonly-used techniques used for collecting data for the
development of systems, products or services (Hartson & Pyla, 2012). In this study,
not all stakeholders are involved in the interviews but educators who actively uses
robotic toys, robotic construction kits or DIY robots. Instead of students, educators are
the only stakeholder focused within the study, because one educator observes at least
a dozen students in classrooms and familiar with all kinds of learners with different

abilities.

Considering the previously mentioned issues, interviews were conducted in semi-
structured format to gather data from the educators. The reason behind using semi-
structured interviews is to collect information about the design aspects of the
educational robots by additional probes that can shape according to flow without being
diverted with irrelevant topics or limited by the fixed set of questions. The flexible
structure of the semi-structured interview provided opportunities to probe open-ended
questions for more profound understanding of responses and guided respondents
throughout the interview (Seidman, 2006). Also, visual media of commercially
available educational robots was used to stimulate respondents to criticise and
compare different types of educational robots that are foreseen to be used for learning
purposes with different roles and different levels in education. Visual media consists
of short explanatory video-footages of robots, printout papers of programming
interfaces, and if available programming applications for tablets.

3.3 Interview Materials and Questions

Interview consisted of four different, yet interconnected parts that have been designed
to provide projected outcomes on design requirements, understanding benefits of
robots from educator’s perspective, and needs of the educators. Four parts of the
interview involved questions which cover different aspects of the use of educational

robots in learning environments. These aspects were respectively arranged as (1)
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educator-based questions; (2) learning-based questions; (3) robotic activity-based
questions; and (4) comparison of existing educational robots.

Educator-based questions are about the educator’s personal experience in teaching
and training and his/her experience with robots. Learning-based questions focus on
the educator’s objectives regarding robotic activities and perceived benefits of using
robots on the development of student competencies. Robotic activity-based questions
are about process and plan of the robotic activity and challenges faced during the
activity. This group of questions are concerned about the process steps of the previous
robotic activity that were identified by the respondent. During the interview, these
process steps were written down on a sheet of paper by the researcher. Since the
adopted design strategy differs between educators, to ask questions on various design
process written process steps provided guideline. Lastly, in the comparison part of the
interview, four commercially available educational robots were presented to the
respondents. These robots were chosen among two different types of educational
robots focusing on different learning purposes as mentioned in the literature review in
the Section of 2.2.2. namely pre-assembled robots and DIY robots. These two types
of robots are chosen because in learning environments popular role of robots are as
learning tools or learning subject. Moreover, DIY robotic components/robots and pre-
assembled robots are more affordable when compared to intelligent robotic systems
or humanoid robots for research purposes. In the robot comparison part of the
interview, only a combination of robot images and their programming software were
presented as visual stimuli on printed papers and programming interfaces in
applications as well as to further discuss interaction related issues. Two sheets of A4
sized printed papers per robot, which involve images of the robots with screenshots of
their programming interfaces were used. However, after first two interviews, due to
the respondent’s suggestions on the interview media to be more effective;
representative videos of the robots (mostly advertisement videos of the robots) were
used. Also, available programming applications were installed to researcher’s tablet

to be consulted during the interviews, if required.

Two of the robots that have been shown to the respondents were robotic construction
kits while the other two were pre-assembled robots which do not allow any changes
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in the robot’s embodiment. One of the pre-assembled robot (Ozobot) was designed for
the table-top use which may stimulate educators on further criticism because of the
typical physical limitations of the classroom settings with desk and chairs. Robotic
activities require large spaces for construction materials, components and other tools
to design robots which is similar to workshop environments. Thus, using robotic
construction Kits with various parts can be problematic in small classroom settings.
Other pre-assembled robot (Romibo) has animal-like appearance with language
capabilities and allows users to modify or design verbal interactions. It was selected
as a stimulus because it has been thought that it might cover the other pedagogical
concerns of the educators than other robots such as, teaching a foreign language and

to empower social interactions. Mentioned robots are shown in Figure 16.

MakeBlock - mBot Kit

Figure 16 - Types of Robots Used in the Study

93



3.3.1 Procedure

Interview questions together with visual materials involved in the interview and
informed consent form which is intended to inform respondents about the scope and
aim of the study were sent to respondents via e-mail. Before the meetings, all the
interview media and content are shared with respondents. Also, a preview of video-
footages requested from the respondents to smoothly proceed during the interview
sessions. Prior to interviews, ethics committee approval was received from Middle
East Technical University (Protocol Number: 2016-FEN-073). The interview consent
form can be found in Appendix B. Original and translated version of interview
questions can be found in Appendix C. Also, other printed materials that have been
used in interview can be found in Appendix D. Respondents were informed about the
length of the interviews that range between 45 minutes to 90 minutes. Interviews are
conducted as face-to-face with a total number of 15 respondents from different
educational institutions. Interviews were recorded and transcribed verbatim for data
analysis. There was no fixed place to conduct interviews, so the most appropriate place
was selected according to respondent’s desires. One practical advantage of using semi-
structured interviews is that according to the response given to the questions, flexible
structure of the interview allows the researcher to bend the flow of the interview and
probe questions for deeper understanding

First and second part of the interview was conducted as a question-answer session if
possible with additional probes unique to each respondent. In the process-based
questions part of the interview, respondents were asked to give an example of one of
their previous robotic projects with the students and further asked to the respondent if
they followed a planned design process. According to stated design process of the
respondent, researcher asks for permission to write down the process step by step
together with the educator. Also, the researcher taken notes through the process-based
questions and comparison part of educational robots are presented to respondents for
their approval if there were any misunderstandings in the writings. Afterwards, short
videos of the robots (mostly advertisement videos) were watched at the beginning of
the comparison part of the interview. Some of the respondents did not need to watch

videos of the educational robots again, some of them did. Amongst the four presented
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educational robots, respondents were free to select which one to start making
comments and answering the related questions. Printed robot images were arranged

side by side to make the comparisons easy for the respondents.

3.4 Sample

For the use of educational robotics in the learning environments, based on the literature
review significant stakeholders were identified. Therefore, as one of the stakeholders,
educators play a vital role for the integration of robotic activities into learning
environments and to provide a revolutionary shift in the traditional learning settings.
However, there are many aspects of providing encapsulating design requirements for
the educational robotics remains missing which can be further improved by including
other stakeholders such as, students, parents, and school managers. Educational robots
are relatively new tools for learning and not as widespread as other technological
devices in the learning settings. Thus, the majority of the educators in the primary and
secondary education have little experience or no experience with robots. Keeping
these issues in mind, a purposive sampling technique is adopted for the study (Tongco,
2007). Educators who used and currently using educational robots with the student
age group within the primary and secondary education were selected as a sample
group. However, finding appropriate respondents required an extensive effort and took
a long time to reach educators because most of them were so busy during the school
semesters and a large number of the interviews delayed to the summertime when
educators are on holiday. To conduct face-to-face interviews, without considering the
distance, researcher travelled to appropriate locations for the respondents including
long distances, for instance, two of the respondents were 450 km away from the place
where the researcher lives. Respondents of the study varied in different branches and
titles from the primary and secondary education. Table 9 below, presents the
respondents of the study regarding their, personal experience and branches in
education, personal training and experience with educational robotics, currently
preferred robot and robotic activity types, and their area of responsibility in the

educational institution.
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Table 9 - Sample Group

. Professional
Respondents Institution Branch _
Experience
RO1 School Math 12 years
R02 Private Course | ICT 7 years
RO3 School Science 16 years
R0O4 School Science 14 years
RO5 Private Course | Computer Engineer 1 year
RO6 School ICT 11 years
RO7 School ICT 9 years
RO8 School Design & Technology | 26 years
RO9 School ICT 5 years
R10 School ICT 13 years
R11 School ICT 20 years
R12 School ICT 20 years
R13 Private Course | ICT 3 years
R14 School ICT 8 years
R15 School Math 20 years

Robot-Based
Experience

Respondents

Activity Setting Preferred robot

RO1 2 years Extra-curricular Construction Kits
R02 6 years Extra-curricular Construction Kits
RO3 5 years Extra-curricular Construction Kits
RO4 2 years Extra-curricular Construction Kits
RO5 1 year Extra-curricular Construction Kits
RO6 2 years Extra-curricular DIY Robots
RO7 2 years Intra-curricular Micro board Kits
RO8 8 years Extra-curricular DIY Robots
RO9 2 years Extra-curricular Construction Kits
R10 3 years Extra-curricular Construction Kits
R11 5 years Extra-curricular Construction Kits
R12 15 years Extra-curricular DIY Robots
R13 3 years Extra-curricular DIY Robots
R14 4 years Extra-curricular DIY Robots
R15 2 years Extra-curricular DIY Robots

Educational institutes were called by using the phone, and other social media platforms
were used to reach for the educators who are interested in using educational robots as

a learning tool. Interviews were conducted with the respondents mostly in the schools
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which they worked for or at a restaurant near to the respondent’s house which is quite
enough to record voice with lesser background noise. Moreover, snowball sampling
strategy was implemented after challenges faced during the finding phase of the first
respondents for the study which supported the study regarding finding new
respondents more easily. Also, third-party connections (former companies that the
researcher worked with) were used to arrange meetings and interviews with the
respondents. However, to avoid capturing a group of educators with a similar
perspective on the educational robotics; not each respondent was asked to suggest

additional respondents for the study.

3.5 Data Analysis

After the separate transcription of each interview, all transcript files entered to the
Atlas Ti which was used as a qualitative analysis toolkit to analyse the data gathered
from the respondents (Friese, 2014). A mixture of deductive and inductive reasoning
approaches applied while analysing the interview data (Fereday & Muir-Cochrane,
2006). Content analysis method has been adopted in line with the thematic coding
approach for the qualitative data analysis of the interviews. During the initial process
of the data analysis, deductive reasoning approach is adopted for thematic analysis
that provided opportunities to create a codebook as a template for the initial codes and
categories based on the relevant studies within the literature (Saldana, 2013).
Codebook also provided a template for the first categories and themes and evolved
throughout the data analysis process which can be found in Appendix B. Categories
in the codebook used colour codes to differ between concepts related to students,
educators and robot-based challenged and benefits (DeCuir-Gunby, Marshall, &
McCulloch, 2011). Afterwards, inductive reasoning approach is adopted for the
content analysis to generate data-driven codes by careful examination and repetitive

reading of the interview data.

Moreover, activity theory framework provided a different point of view to analyse and

understand the relationships between the educational robots with the other elements
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of the system. Activity theory is a commonly used framework in education and artefact
related research in order to understand the relationships between subjects (students
and educators) and the artefacts (educational robots and other educational
technologies) within the broader context of the activity (Hashim & Jones, 2007).
However, activity theory framework did not directly implemented into the study but,
provided some insight and new ways of thinking as an approach to better
understanding of educational robotics as a learning tool on a broader context. The flow

of the data analysis is shown in the Figure 17

Transcribing interviews

Creation of codebook
First cycle Coding

Second cycle Coding
Finding themes

Figure 17 - Data Analysis Process

During the data analysis, Excel sheets were used for creating codebook, logging
process approaches of the respondents, saving general information about the
respondents and transferring codes to accelerate the merging process of similar codes
in an isolated platform. From coding process to development of themes, data analysis
consisted of two cycles of coding (Saldafia, 2010). In the first cycle of coding,
codebook provided an initial template to categorise similar codes under the pre-
defined, literature-based categories related to the research questions of this study.
Then the first categories were elaborated throughout the second cycle coding process
that leads to the central themes after an iterative process of renaming and
recategorising of codes. From the beginning to the end of the data analysis Atlas Ti

was used, and it was found beneficial to understand the hierarchy between the codes,
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merging the similar codes and creating code families to develop categories and themes.

Figure 18 presents the example of the overall coding process by using Atlas Ti as a

qualitative data analysis toolkit.
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Figure 18 - Qualitative Data Analysis with Atlas ti

Themes are grounded on the raw data of the interviews and besides the literature-based

codes and categories that take place in the codebook; there are also new categories and

codes were found during the analysis of the raw data. During the data analysis process,

there was a constant renaming and recategorization of the outcomes. In the final phase

codes and categories with similar meanings were combined and lead the study to

themes which will be presented in the next chapter.
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CHAPTER 4

4. RESULTS and DISCUSSIONS

In this section, findings are briefly presented under three main themes namely:
Benefits of Educational Robots in K-12 Education; Challenges of Using Educational
Robots in K-12 Education; and Interaction Design Requirements. All the central
themes are interconnected and affect each other regarding providing design
requirements for educational robots. Section 4.1 and Section 4.2 explores the issues
based on the use of DIY robots in the educational context of Turkey. Also, all the
interviews were conducted in Turkish and translated by the researcher. Numbers
within the square brackets indicate the quotations in the Appendix A, where original

versions can be found.

4.1 Benefits of Educational Robots

This theme presents the benefits and disadvantages of using educational robots in
learning environments based on educators’ perspective who participated in this
study. Benefits of robots are questioned in the interview under two directions as
educational benefits and developmental benefits for students. Also, respondents
were further questioned to add their opinion about other benefits alongside
educational and developmental benefits of robots. Concerns were expressed about
benefits of robots is intertwined with the educator’s goals in the learning

environment.

The categories of skill sets; student motivation and learning opportunities recurred

throughout the dataset within the benefits of educational robotics. A majority of

respondents attributed skillsets as 21%-century skills and remarked that using

educational robots develop different ways of thinking, for instance, computational
101



thinking, creative thinking and critical thinking. Educational robots are also found
beneficial regarding providing student motivation and foster student engagement
in the activities. From the perspective of the respondents using robots for education
empowers student motivation and ignites curiosity because of their fun and
physical nature which also creates diversified learning opportunities for students.
The categories of skill sets; student motivation and learning opportunities recurred
throughout the dataset within the benefits of educational robotics. A majority of
respondents attributed skillsets as 21%-century skills and remarked that using
educational robots develop different ways of thinking, for instance, computational
thinking, creative thinking and critical thinking. Educational robots are also found
beneficial regarding providing student motivation and foster student engagement
in the activities. From the perspective of the respondents using robots for education
empowers student motivation and ignites curiosity because of their fun and

physical nature which also creates diversified learning opportunities for students.

4.1.1 Benefis to Skillsets

In the 21% century, communication and information technologies changed the ways
of how we learn things and created various possibilities to become a lifelong learner
in our lives. Revolutionary technology development also affected the traditional
ways of instruction for educators. From computers to educational robots, these
technologies may require different kinds of effort from both students and educators
to obtain benefits regarding active learning. Information and communication
technologies provide various pathways to access to knowledge however,
information gained from the internet sources requires critical thinking to make
accurate decisions between true and false. In line with the developing technologies,
humans need to adapt their behaviours and develop a new set of skills accordingly.
Moreover, acquiring such versatile competencies that are offered by the 21%-
century education frameworks educational robots may act as a catalyst by

supporting educators through their goals [01]. One respondent remarked that:

"As | said, | see these developments in a significant place in terms of the adoption of
21st century skills. Developing these skills should be our main goal, because that will
be the future, and even today we need these skills for our needs in the field. I think
that these benefits are crucial in raising students who can think analytically and solve
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problems. It also has an important place in the development of psychomotor skills,
because the students are supposed to situate the pieces of the robot, and their skill of
design is very important in this regard. We usually do not use ready-made mechanical
parts, we get the parts from our 3D printer. Most of these are designed by our students
themselves, and the rest are given to them by our team.” (R14 —on 21% century skills)
Educator’s concerns were expressed about the benefits of educational robotics with
the possible recruitment criteria and needs for the work domains. Respondent
suggested that people who can solve complex problems and have advanced
algorithmic and analytical thinking skills are needed in the future and these skills can
be regarded as essential skills for 21 century. Based on the comments of the educator,
using robots for learning activities prepare students to future work environments. Also,
educator observed that robots are beneficial for the development of student’s problem
solving and algorithmic thinking skills [02]. Talking about the benefits of educational

robotics as a tool for learning a respondent said:

"Having certain tasks off-loaded to robots in a relaxed way just like using a calculator
makes it easier for students to use their minds in more creative activities. In this
respect, a brain that is fully cognitive-intensive in the classroom can also focus on a
social activity and a creative activity at the same time this is because the robot takes
on certain ordinary tasks which might otherwise tire the brain. We can understand this
as similar to using a calculator. Just as a calculator buys us more time in the drawing
of a graphics, just as it makes some statistical calculations much faster, the students
can use the available extra time to develop their high-level skills under their educators’

guidance.” (RO1 — on reducing cognitive load)”

Respondent highlighted the reduction of the cognitive load of students by using tools
that support learning. Moreover, the space attained from the cognitive load may be
directed to creative and social activities with the help of the educator who guides the
robotic activity. The analogy of the calculator shows the respondents preference of use
for educational robots in learning environments, as tools. Educators role remains
crucial to fill the space occurred from the release of cognitive activity such as
calculations, graphs, to further develop new skill sets for students [03]. A different
aspect of beneficial effects that educational robots have is stated by another respondent

as:
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"I think it makes children more likely to learn permanently, and I think, for example,
that they will understand their science, technology and mathematics courses better by
appreciating how a 1/0 system works through using Arduino. With this, they can see
what resistance is, | mean, not its emergence or formulation, but they realise that
resistance is something against the current, and they get to know that the system

requires electrical energy to run.” (RO7 — on how robots empower Learning)

According to the view of the respondent, using robotic systems may empower learning
by using electronic components in the system such as, resistors, that can cause
necessary conceptual relations in the student's mind between the subjects of science,
technology, and math. Basic understanding of electronics such as, resistors, required
voltage to light up a led is also related to the further topics which will be instructed to
students at their higher grades. Project-based learning is offering several opportunities
to students to understand abstract concepts and relate the notions of science and math
in real life settings. Another respondent, when asked about the benefits of robots [04],

said:

“Even simply getting two engines together for the robot to walk is something, after
all, the pieces must be assembled correctly, the motor has to be put in its proper place.
When one of the steps does not work, the child realises that there is a problem and
tries to solve it.There are apparently two issues with today's children: The first is
problem-solving skills and the second is concentration of attention. | was told that
today's children are having problems with concentrating on the task... but, I can see
here that a child can intensely focus on a robot for two hours. It develops the ability
to focus, problem-solving skills, and it enhances perception, both visual and audio.”
(RO2 — on developing motor skills, problem solving, concentration, and perception of

students)

Due to respondent’s view, nature of doing an educational robotics project is based on
constant problem solving for students. The respondent is using a commercially
available robotic platform for projects and has experienced significant benefits for the
students such as developing problem-solving skills, improving motor skills and
improved concentration of students regarding developing personal skills. Students use

various skills and ways of thinking to identify issues on the robotic system, problem-
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solving skill becomes a part of the systems thinking as well as critical thinking while
building robots require manual dexterity [05]. Further on the benefits of robots to

enhance 21%-century skills, one respondent commented:

"It's definitely contributing to the development of intelligence... and secondly, it is
beneficial in terms of algorithm development. Thirdly, seeing that the abstract
concepts which they cannot model in their mind is realised in the physical world has
always been a pleasure for humans. In this respect, the student progresses at a faster
pace since she can always question herself by asking what is next. Thus, it becomes
possible to develop a certain skill of a student in one year which could otherwise take

four years.” (R15 - on cognitive and algorithmic thinking skills)

Three aspects of the benefits of educational robots is emphasized by the respondent,
two of them is in regard to development of student skills such as, mathematical
intelligence, algorithmic thinking, and the other one is related to student motivation
which is referred as witnessing the dream that comes true or in other words sense of
accomplishment. In addition to benefits on cognitive skills of students, as specified by
the respondent using educational robots accelerates the overall skill development of
students when compared with the traditional methods. Unlike traditional learning
environments where students sit listen and take notes, robotic activities provide a
suitable ground for active learning environments that students are allowed to use their

knowledge in one practical application [06]. As one respondent put it:

“Using different aspects of the mind helps with the development of intelligence since
the child is doing something physically, by touching; at any rate, the smaller children
want to touch everything for that is how we learn. As the robot enhances motor skills,
it also helps with intellectual development. The child uses her skills in a calculative
design-oriented space.” (R10 — on learning by doing and how robots aid to develop

student skills)

Respondent highlights the importance of learning by doing for the young age group
which referred here as middle school students. Learning by doing is accelerating
learning of students by enabling them to touch and try things which they might want

to see. In line with the statement of the respondent, motor skills and cognitive skills
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are improved through designing and building a robotic system which requires design
skills to adjust dimensions and make calculations to make it work properly. Building
a robotic system is found beneficial for the improvement of motor skills of middle

school students for the respondent [07]. As another respondent state that:

"Well, this is already a process where the child comes without knowing anything at
first, but afterwards, you see how the problem-solving skills of the child are improved
and | can see very easily that her hand-made skills are enhanced as well. We see a
significant improvement at the end of the term.” (R09 — on problem solving)
Majority of the robotic activities are conducted as extra-curricular activities for a
significant number of respondents. As stated above, respondent observed the students
for a school term and make a favorable inference on the development of motor skills
obtained by using robotic construction kits for middle school and elementary school
students. Problem-solving is one another developed skill throughout the use of robotic
construction Kkit. Unexperienced students with robotic kits are getting used to parts,
and the way components work by using their problem-solving skills which are desired
by the educator. Educational robots are commonly stated as beneficial for new ways
of thinking and cognitive abilities of students. Regarding educational robotics for
students’ competencies as well as their benefits on the personal attributes of students

[08], as one respondent put it:

“T believe that thinking evolves towards multi-frontal thinking in many avenues of
life. There are so many variables, so many pieces. The child will do something by
combining them. She will create something. First of all, her self-confidence will
increase. She's very happy when she does something. When the thing moves, when
she does what she wants, her self-confidence gets restored and her fine motor skills
are improved. She improves her motor skills. I think that these are nice experiences

for a child of twelve-thirteen years old.” (R04-on motor skills and self-confidence)

The diversity of parts that is provided by robotic construction systems allows students

to build and design their robot in their way. Thus, using of a variety of parts within the

robotic construction system improve their motor skills and by creating a tangible

artefact through student’s ideas boost their self-confidence. Benefits of using robots

for education not only addresses the skills needed for science, technology, engineering
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and math and also promotes students social and personal attributes which lead to
encouragement for following robotic activities [09]. One respondent explicitly
referred to benefits of the use educational robotics followed by rise in self-confidence

on students as:

"The benefits that they provide to students improve their self-reliance. So, when you
the child makes something and sees it working, her self-confidence increases. Here is
the thing, when | was a child, you would see on television all those movies, devices,
so on, and you would not have the slightest idea how these works. You would wonder,
but you could not figure it out, but now when the child switches on a light there, it is
enough for him. At the same time, by doing this, she revises the topic of electricity
or numbers from her science and mathematics classes. In this way, she has the chance
to apply what she learns or to dream and design them in a competitive atmosphere
with her peers.” (R06 — on technology fluency, creativity, and confidence)

In line with the point of view stated by the respondent, using educational robotics also
contributes to students in the ways of learning about their surrounding technologies
and attaining them with technology fluency among the other communication and
information technologies. Raised self-confidence by the sense of accomplishment
from a robotic project may lead students to further learning activities. Accomplishing
a robotic project may create opportunities for other subject domains that is mentioned
by the respondent. Moreover, confident students may motivate each other and may
create a suitable ground to lead new challenges such as participation in robotic
competitions [10]. As another respondent remarked the benefits of educational
robotics on STEM-related subjects and social skills when preparing for a robotics

competition as:

"... She can observe the cause and effect relationship and see other options ... that's a
good thing. She does not do these activities alone, for she is insufficient on her own.
She is involved in teamwork, and that way, her social behaviours are changing and
developing. In a process that cannot be limited to school time, these students use their
free time outside of school time efficiently. They recognise that the systems they

know, see and recognise can be used differently than they are. These STEM activities
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help them to gain an affinity towards the fields of technology, engineering, and

mathematics, and improve them generally. (RO8 — on student thinking skills)

Robotic competitions provide various challenges for students, and by covering various
STEM-related subjects, students feel more comfortable with STEM-related concepts.
According to respondent significant benefits acquired from participating a robotic
competition for students is critical thinking, social skills which are acquired through
teamwork leads to positive behaviour change [11]. Designating social skill benefits as

one of robotic project goal, another respondent said that:

"l provide the robots and their programs separately to them but putting them together
is not the whole thing. The child herself needs to learn something on her own, without
guidance. She needs to solve problems on her own. When she engages in these sorts
of activities, her problem-solving skills and research skills improve, and finally, she
understands the logic of production... ... Not only research but also entrepreneurial
skills improve as well. When they cannot solve the problem in a certain way, the
students can make contact with the members of the robot maker company or with
other people who know the matter... they know how to ask for information when they
need to.” (R12 — on problem solving, and communication skills of students)

Project-based activities for robots in learning out-of-school learning environment
needs extra effort from students to build successful projects as well as communication
between teammates and other stakeholders of the project. The respondent was pre-
defined a design process for the robotics project, but students were free to decide on a
project which they want to work. During project’s research phase students talked to
people to gather design requirements and further information for the use of the project
outcome also after the project has done, students strive for entrepreneurship. The
journey that students have passed through for a robotic project is nourished by their
communication capabilities with other people who sponsored their project or involved
in their focus group. In this way, use of educational robotics in out-of-school activities
has empowered social skills of the students. Improving social skills for students are
also crucial for collaboration between teammates especially for their future career

choices or for their current activities, such as participating in a robotics competition to
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win against another team [12]. The comment below illustrates the link between
student’s social skills and personal attributes, such as, emotional control or being

patient.

"The robot is only expected to perform certain tasks on the desk, but on the other hand
the child develops a project. Thereby she understands the process of developing better.
She gains valuable experiences at such an early age by managing a project, starting it,
research... She understands how correct information is obtained within the guidance
of certain ethical principles etc... At the beginning, our aim was to teach them
programming with robots. But we saw that the student had much more different
achievements. Such as overcoming her anxiety... or dealing with failure...” (R11 —on

developing teamwork, and social skills through robot competitions)

The respondent has stated the benefits of robotic competitions as an inspiration for
recognising different learning goals than teaching programming for students in
learning environments. All along a robotic competition student gains a variety of 21°-
century skills, some of them mentioned by the respondent, such as, on how to do
research towards goals, accessing to actual knowledge, time and project management.
Alongside the directions given by the competition to develop 21%-century skills for
the students, respondent values the personal development of students regarding
emotional control caused by failures and loses during the competition. Talking about

the personal benefits [12] of educational robotics a respondent said:

"...for example, the student sometimes places the wrong part, this contributes to
improving their patients even in hyperactive children. Think about it for a moment:
She can shred the part into pieces because she made it wrong. But she says, no. | will
find the mistake... even showing this kind of patience improves the development of
her character. She says, "I did something wrong here, | will remove the parts and put
them in their proper place." She does not make it a problem, she takes care of her

own.” (RO4 — on personal skill and emotional control)

As mentioned in the statement, respondent shares an experience of the building
phase of a robotic construction system based on a conducted workshop happened as
an extracurricular activity. All students have different characters; some might be
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patient while building robot some might get bored quickly. The shared memory of
the respondent demonstrates the benefit of using an educational robot to increase
engagement of a hyperactive student. Therefore, student improving motor skills
while learning how to be patient and responsible by controlling emotions in the

building phase of the robot.

4.1.2 Benefits on Student Motivation

Providing student motivation is an essential aspect of education for the quality of
learning experience. Learning becomes more fun and desired by students if educators
or themselves well motivate them. Educators faced by multifacet challenges to sustain
student motivation in learning environments, considering classroom management
challenges can be created by students, for instance, interruption of the educator’s
speech by students who are not interested in the lesson. Also, students that are highly
motivated more likely to go with the flow in the classroom managed by an educator.
Educational robots are promising tools to raise interest and motivation of students to

aid educators in learning environments [13]. As one respondent stated that:

"So it makes the lessons fun. The child learns and participates if she has fun. She
becomes more active. Accordingly, the educator no longer needs to make an effort to
pull her to the class. Educator's efforts are then naturally spent towards lecturing and
making learning persistent. In the traditional educator-centric approaches, we struggle
to create the optimal class or school environment. But when you employ these sorts
of activities, since the child is getting fun anyways, she gets interested in the subject
and the educator finds the chance to draw upon the most important parts of the story.”

(RO3 — on fun aspect and student motivation)

Educational robots are fun in nature for students because robots are offering a different
kind of approach to learning and seem to be more appealing from other educator aiding
tools in the learning environments. As pointed out by the respondent, unlike traditional
educator centred approaches using robots for learning provides benefits to an educator
regarding personal resources, such as the transition of time from efforts to provide
student motivation in the classroom to elaborate crucial aspects of the subject.
Depending on the comment, educational robotics supports found beneficial for active
learning environments; to provide student motivation while saving educator’s energy
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and open pathways to empower learning. Commenting benefits of educational robots
to student motivation [14], one of the respondents said:

"In physics, chemistry and biology classes, as the educators, we set the contents of
what is to make, provided the students with some models, and waited for them to
finish. We usually did this on a project basis. ... In the process, they understood better
the contents, purposes and gains of the classes and had pleasure in making the
products. The biggest contribution of this process was that students did what they did
with a lot more fun. Since it did not feel like a lecture, they saw it as a kind of
entertainment, and they learned while they enjoyed.” (R12 — on learning by doing and
student motivation)
Some of the respondents support other educators in their institutions for the use of
robotic activities for their subjects. They are collaboratively creating an activity plan
with learning outcomes for biology, chemistry and physics subjects and relate those
subjects with the use of robots to provide an active learning environment for students.
Students enjoy designing robots, and fun aspect of robots keep students active on the
whole process while they are learning the goals that are predefined by the educators.
Integration of robots to educational goals of educators aid them regarding student
motivation which is highlighted as a significant benefit by the respondent. Use of
robots for the better explanation of abstract concepts in science subjects may also

increase students’ academic performance [15]. As one respondent put it:

"In terms of self-confidence, it is indeed very important ... a child whose academic
achievement is not high is becoming a child who finds himself in the robot-making
and starts to lead everyone in and around ... and thus the contribution to her personality
becomes self-confidence and happiness. She asks "why is this class only two
hours?" You can transfer some of the work-time from such and such a class and we
can continue doing this. She likes the fact that she enjoys a class this much and wishes

that all the classes are like this. (R04 — on self-confidence and student motivation)

Benefits that have been provided to educators by robotic activities delivers additional
knowledge-based, skill based, and motivational based perks for students. As one of
the most stated benefits of educational robotics, raising student’s self-confidence

elicits student motivation which is followed by an increase in overall academic
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performance in school. In this case, use of educational robots shows significant value
to attract low-performing students to other subjects by raising their self-confidence in
robotic activities. All that is provided by the fun nature of robotics which is attracting
students by changing the context of the traditional learning environment. Using
educational robots seemed to have a positive effect on the student development from
the perspective of the respondent which also increases student engagement in the
activity and influence other students [16]. Talking about this issue, a respondent said
that:
"This is a bit like a drop of water: When the children see a positive development in
themselves, others are positively influenced by it and involved in the positive
communication or development. When they get afraid, they all get afraid; but they see
that they can do it, the believe what you show them. It is easier to shape a human's

understanding when she believes in the subject.” (RO8 — on student motivation)

Positive development of student’s skills and on their attributes that are provided by
the use of educational robotics is influential amongst students. Other students motivate
students who are not participating in such activities by seeing their increased
competencies and positive change. However, the substantial effect of using
educational robotics might have some negative effects amongst students because of
the fear of failure and believed as not capable of programming and designing a robot
is also stated as an influential affect by the respondent. To sustain student motivation
in a positive manner, educator’s plays a significant role in robotic activities. Planning
robotic activities based on real-life examples is one of the key points to overcome

student bias on educational robotics [17]. As one respondent put it:

"l conducted the classes rather with examples from the real life. When | opened the
boxes of the circuits and showed them, the children were afraid at first and they said:
"what would we do?"As a matter of fact, | showed them a variety of sensors. | thought
about the light sensors in the cars and temperature sensors in air conditioners which
blows air as it gets hot; similar principles. Or, you know, the material in the
Playstation controller and the joystick are the same. Since these are the things that the
children know from their own daily lives... when we tell them will be working on

these... it becomes very motivating for them. (P07 —on real-life examples in learning)
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Relating the robotic activities with real-life products that we use in our everyday life
seemed like a proper solution for the respondent to overcome fears of the students on
using microcontrollers with various sensors. Given the example of the respondent,
attract students by analysing existing products and lead to unique project ideas
amongst students after they understand the basics of programming and electronic
components especially sensors. By relating real-life examples in the learning
environment, respondent builds up technology fluency and confidence for students to
design a unique project for the exhibition which is accompanied by student motivation.
Therefore, educators play a vital role in the robotic activities to attain most of the
benefits offered by educational robotics. Role of the educator is crucial for both taking
all advantages of educational robotics and developing student’s skill with robotic

activities [18]. As one respondent put it:

""Students can discover a lot of things, too. Educators should be open to the things that
students themselves discover; so, it is better not to have an overly didactic style but to
approach the students as if they are comrades. This is so, for, in the end, there is no
complicated work to combine many parts; there is not so much need for an authority
of knowledge. | can say that the Lego bricks make students and educators equal in a
way. These are not sophisticated parts; therefore, the student can have a better idea,
and the educator should be open to this. Each new idea should be presented to
everyone with an appreciation to everyone. The educator, in this regard, should be a

unifying force. (RO1 — on learning together)

Unlike traditional ways of teaching, students are more active during the workshop
hours of robotic clubs or in other extracurricular robotic activities. Moreover, as stated
by the respondent, using educational robotics sometimes may bring educators and
students to common ground and equalise them regarding skills required to design a
robot. In such cases, educators also continue to play a vital role by being open to new
ideas from student and supporting the exchange of ideas between teams or students.
Being open to new ideas, allowing students to explore on their own and guiding
students with a comprehensive attitude are important aspects of educator’s role in the

active learning environments.

113



4.1.3 Learning Opportunities

Learning based used of educational robotics vary due to educational approach of the
educator. Mostly educational robots are used to address needs of the educators in
learning environments under the activity plan of the workshops or robotic clubs
function as tools. Using educational robots as an educational tool is showing
similarities with another tool that have been used in education [19]. As one respondent
put it:

"I regard the robot as a tool... if we look at the tools we use in training, there are visual
tools and these visual tools often are two-dimensional, or three-dimensional. The
whiteboard, for instance, is a visual tool; you write on it. Television is a visual tool,
you can show images on it. A 3D model, a skeleton model, for example, is a visual
tool. The robot, however, is much more than all of this for it is functional. It can be
fitted into the curriculum of natural sciences as experimenting tools that the children
program. She makes it herself and sees the result. Making and experiencing are the
two key terms in education in this era.... In all the other tools, either we make the
children watch or listen to, nevertheless, robot-making is experienced by the children.

| believe that experiencing is the most important thing here. (R0O2 — on robots role)

Benefits obtained from educational robots as a learning tool offers experimentation
and first-hand experience on abstract concepts in science. Learning by doing is
highlighted by the respondent and embraced as a pedagogical approach for conducting
robotic activities with students. Educational robots are providing students with a
tangible platform to further develop their understandings of science concepts by
experimentation. According to respondent, physical nature of robots offers rich
experiences for students when compared to other educational tools. Working with a
physical object in a learning environment is commonly used approach by educators
throughout the history of education, for instance, beads, wooden blocks and so on.
Moreover, educational robots may play an essential role in the understanding of
abstract concepts and internalisation of the knowledge given by the educator as a tool
to think with (Papert, 1983). As one respondent put it [20]:

"The purposes of using robots in the training process are not so different. Normally,

the purpose is to conduct the classes and to present the learning outcomes of that class
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within our curriculum in a robust way. This is so, for it is more difficult for the students
to understand abstract notions. When we combine these outcomes with robots in a
concrete way, for instance, when you make the student carry and deliver some item
via a robot, that serves better. We often use robots to apply the theoretical knowledge
into practice and that is very helpful for us.” (R12 — on the understanding of abstract

concepts

Some of the respondents were concerned about the curriculum that they have their
ways to use educational robots to further instruction of the abstract concepts.
Understanding of abstract concepts in science and math is often regarded as a
problematic issue from the perspective of students. Designing or building educational
robots to seize abstract concepts, reflects the internal knowledge of the students by the
given subject and offer chances to educators to notice student’s knowledge. This act
of transferring knowledge from theory to practice may also bring additional challenges
to robot design because of the constraints brought by working in the real world.
However, robots may provide a combination of a variety of tools and skills which is
required for the better learning experience and may lead to radical changes in learning

environments [21]. As one respondent stated that:

"As we discussed, the child works individually and one on one, so she transfers her
own creativity to a direct object; and secondly she learns to work with the team if she
is doing teamwork. Thirdly, it addresses more than one kind of intelligence. As we
mentioned, we are working in a multidisciplinary way, and these are developing the
child and contributing to her education. Fourthly, the traditional concept of the
educational environment comprised of tables and chairs is replaced. You can provide
for any kind of educational environment with robots: You can make one like a drone
and fly it on the street or you can use another as a submarine in the water... You
thereby diversify the educational environment, there are no traditional class
environments anymore, you design a platform wherein the child will make products.”

(R10 -on creativity, teamwork, and changing learning environments)

Educational robots provide opportunities to educators further build communication
and collaboration skills amongst students. Working in a robotic activity is an active

process regardless of the aim which may also require guidance or suggestions from
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different fields. To build robots students usually move from one point to another to try
their designs or to get appropriate tools or parts to work on their robots. Active roles
that have been played during the robotic activity offers improvement of a variety of
skill sets to students. Educators also gain benefits from the possible variations of robot
designs, and if desired they can work with flying or swimming robots instead of
walking ones to diversify learning activity as stated by the respondent. Educational
robots offer plentiful opportunities to the diversity of learning activities, and various
skillsets might be acquired for students such as communication and collaboration
skills and cognitive skills. Based on educator’s preference for implementing robotic
activities such as, building robots from scratch or using a commercially available
robotic system may require different tools to work [22]. For example, one respondent

said:

"There is a software that AutoDesk provides. TinkerCad is a version of this made for
kids. With this software, all you have to do is to cut and combine from the wide range
of available objects which are triangles, squares, circles. By doing this, the child
creates a design and actually learns how geometric shapes are seen in three-
dimensions. We seem to build robots here, but if fact, we are doing geometry here
when seen from an educational perspective. I give the students a sensor and when it
is used for growing a plant by adjusting the temperature and the light, then the whole
experience is tied to natural sciences. From there, you move onto social sciences
where there is a topic about drought and you accordingly add it inn. You can use this
in art classes as well; you can make the students draw or have them make the drawings
via the robots. In other words, there are so many fields into which you can integrate
technology, there is no end to this. I actually think that you can integrate this into any

field.” (R13- on multidisciplinary aspect of robotic activities)

According to the statement, by using educational robots, educators are supported to
address wide range of subjects in education. Respondent prefers to build robots from
scratch by using microcontrollers and electronic components and benefits from the
other educational tools such as, 3D modelling software to relate the robotic activity
with geometry concepts. Therefore, educators play a vital role in the robotic activities
to attain most of the benefits offered by educational robotics. Role of the educator is
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crucial for both for guiding students and developing student’s skill with robotic

activities.

4.2 Challenges of Using Educational Robots

Besides their benefits, using new technologies such as educational robots in learning
environments comes with additional challenges for their users as well as for the
integration of the ongoing educational system. Challenges based on the stakeholders
are extracted from the insights of the respondents considering the usage of educational
robotics, educator’s role in robotic activities and difficulties faced by students.
However, except few respondents, most of them mentioned on challenges from the
student perspective rather than their own experiences on using educational robotics.
Concerns were expressed about using educational robotics in school and out-of-school
learning environments. Challenges that related to the overall aim of the study are
classified according to stakeholders such as, student-based, and educator based while

challenges which cannot be affected by design are categorised as external challenges.

External challenges are often including high-cost, institutional support and
maintaining academic materials to support educators. Considering issues emerged
from external challenges, a common remark amongst respondents was the high cost

of the educational robotics [23]. One respondent stated that:

"Expensive! It must get cheaper. Students at private schools are more advantageous
in this regard, but these must be available for every group in society. Therefore, there
is a problem in this regard. In terms of time, there is a certain National Curriculum
that we must follow, and there are classes to be given under this curriculum. We have
to factor that in concerning the time allotted to the robot club's activities. Sometimes,
we can give these classes before the start of the term, after it, or on the
weekends. Naturally, it may not be sufficient. Curricula and educational programs
could also be designable in a more flexible framework and reasonably priced so that

all schools could implement them. (R03- Cost and curriculum related issues)
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Accessing educational robots for every student is a challenging issue because of the
high cost and low-level funding spared from the institution where educators belong.
In the next few years with the development in the mass production of robotic
technologies may decrease the costs. Some educators can overcome this issue by using
third-party sensors and microcontrollers to build robots from scratch with the aid of
3d printers or other fast prototyping machines such as laser cutters. Another critical
challenge according to respondent is time; limitations of school hours need strict
lesson plans that are required to fulfil curriculum adopted from the ministry of
education. Also, robotic clubs are in need of activity plan from educators too which is
added to the workload of an educator. Providing enough robots for students in the

learning hours is needed for effective learning [24]. As one respondent put it:

"For example, if you have twenty-four students, you need to have twenty-four kits in
a class so that we can do proper work, we cannot make two students properly work on
a single Kkit, for instance. However, buying one for each student increases the costs a
lot and no parent wants to pay for that amount. Accordingly, we have to make
significant reductions from the contents of the package, and this is not in line with our
interests. Therefore, | am in favour of buying for the class rather than having reduced

kits.” (R14 — on student robot ratio in classrooms)

According to the statement, the high cost of educational robots is creating financial
difficulties to parents, and if purchased it will degrade the number of components that
might have been included within electronics bundle which is not desired by the
respondent. To overcome the challenges possessed by the high cost, the strategy
implemented by the respondent is to buy electronics bundle according to student
number of the classroom to have at least one robotic system for each student. Keeping
robot and student ratio on one on one is a matter of preference for the educator and
desired to learning outcomes. Student robot ratio is vital for the interaction between

students and the robotic system [25]. As one respondent stated that:

"When we look from the point of view of the students, we can see that there are three
kits eighteen students in each class. This means that there will be six students in each
group. The problem here is that while some students get very interested in the work,

some others, for example, may remain isolated and pass the time without even
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touching to the robots. We have seen this happening.” (R09 — on relationship between

number of robots and student interest)

Schools which are unable to provide students with a suitable number of robots are
more likely to separate students into groups. However, the number of groups is crucial
for student engagement in the robotic activity. The interaction between student and
the robotic construction kit is essential to keep students engaged during the workshop
hours. Otherwise, students might not want to participate further activities. Constraints
based on the tools such as, computers and design of a robotic construction kit may
limit the number of students can work together for a robotic activity that is the critical
issue to consider for the educators.

4.2.1 Challenges of Educators

Educational robotics as a new context of learning for students, educators may also be
in need of computational and design skills to implement robotic activities as
intracurricular or extracurricular. Educational robots combine programming, design
and engineering skills to create a tangible artefact which is relevantly new tool and
skills for some educators. Within a great workload upon educator’s shoulders sparing
time for unconventional use of new educational technologies out of their comfort zone
can be challenging which is why educators need to be supported in various ways
throughout their use of educational robots. Commenting on challenges faced by

educators [26], one of the respondents said:

If you from the educator's perspective, it gets difficult for the educator will need extra
time to design the class. The design capacity of the educator enhances the benefit of
the robots in education in a way. If the educator does not have great design skills, then
she will need some prepared designs. This means that there is a need for
documentation in this aspect. The educator may need to be supported heavily so as to
enhance the benefits of these activities and tools in education. Alternatively, there
must be some reward mechanism for the educators to ensure that she is more
motivated to provide for these creative activities.” (R0O1 — on lack of resources of

educators)
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Regarding achieving learning goals educators trying to provide student motivation,
however, to offer students effective learning opportunities educator’s motivation is
seemed to be one the critical issue. To provide external motivation to educators,
supporting them with ready-made academic materials for robotic activities, robotic
activity curriculums and documentation of robot designs is crucial. Some of the
commercially available educational robots have these kinds of options for educators
to support them in their creative activities. However, it seems not enough for some of
the respondents. The comment below illustrates the needs of a respondent regarding

support through educational materials [27].

"We cannot find enough sample models. For example, | ask if there is an example of
colour-reading for disabled people? It turns out that there is none in Turkey. There are
some international sources, of course, such as one video in Japanese that | saw. | do
not know Japanese, but we tried to figure out the instructions in the video out by trial
and error. Once or twice some of the cables were burned... sensors are not reading
correctly and you do not know who to consult... So, the product is being sold but there

is no one to get some after-sale support.” (R15 — on lack of resources of educators)

Lack of resources and support in the native language is defined as a challenge by the
respondent. Building robotic projects through tutorials from the internet videos and
selecting the proper tutorial or example for the intended project in the one’s mind is
another challenging issue. While trials and errors happening through building a
prototype from an example project found from the internet respondent sought support
for consultation about sensor reading. However, the respondent could not find any
answers to troubleshoot problems. Personal competencies are equally mattered as
supporting educators for the use of educational robotics. Comprehensive training for
educators on how to use educational robotics is essential to reduce faced challenges
by the educators. Furthermore, proper training on educational robotics may increase
the effectiveness of robotic activities [28]. By addressing these issues, a respondent

said:

“If robots or electronic will be included, then the educators must really be educated

and they themselves need to be aware of how they can be within the activity together
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with children and how the children can internalise these activities. This is so, because
you need to be much more enthusiastic than the children so that she can always
motivate the children, increase their curiosity, and teach them new
information. Motivation is needed for this job. The educator should feel sufficient to
motivate the children, to give them the answers that they may need, to direct them, to
make them think differently. This is the essence, and it cannot be done with anything
material. This has to be something that the educator should feel in herself.” (R07 —on

educator’s motivation)

Considering the given statement, student motivation and quality of learning
experience are affected by the educator’s training also, benefits that are provided by
robotic technologies to students is in direct proportion with the educator’s
competencies. Educators may expand opportunities for students if they feel
comfortable their technical skills with the tools they use. However, motivating
educators is another issue for the training of educational technologies that might have

been used in both in and out classroom environments [29]. As one respondent put it:

"... Educators are the ones that resist us the most, in particular, computing educators.
The reason for this is that they have already been accustomed to programs like Word,
Excel and other programs of this sort for years... they are not open to learning new
things. To learn something new, the educator must make preparations and planning in
advance. She must be able to teach that new information to the children. This can only
be done, of course, if educators learn it themselves first, but this feels too burdensome
for most of the educators. 1 think that these problems must be overcome. The biggest
obstacle here before us is educators for student can never learn unless the educator
learns first. The educator should direct the student so that the student can achieve

more.”(R13 — on educator’s pedagogical beliefs)

Respondent is conducting workshops for students also provides training for educators
on how to use educational technologies for education. Due to comment of the
respondent, motivating educators for training is challenging. Some respondents argued
that lack of time and financial issues are the reasons for not attending educator training
for educational robotics. On the other hand, a small number of those interviewed
suggested that training for educators should be free to extend the use of educational
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robotics amongst educators. Some of the institutions are providing training on
educational robotics for their educators [30]. As one respondent said:

“The first and the most basic of the serious problems is the lack of educated educators.
Here, it is usually the computing and informatics educators who take care of these
activities. These educators generally work on computer skills, and their understanding
of these activities are limited. We try to overcome this by educating them by providing
seminars ourselves. Sometimes, we come across people who educated themselves.

This is how things are.” (R14 — on educator training)

Lack of experience in educational robotics is stated as the weak point of ICT educators.
Due to the statement, this problem can be solved through specialised lectures for
educators in their college years. To provide a simple solution to this problem,
respondent’s institution supported in-house training to fill their educator's deficiencies
in the use of educational robotics. However, the challenge that stated by the respondent
might be solved by political directions and cannot be solved through with design of a
robotic system.

4.2.1.1 Robots Based Challenges of Educators

Preferences of educators for the appropriate educational robot is dependent on the
spared activity times and student number who participate in robotics clubs or
workshops. Some students who participate in robotic activities may limit the work can
be done within the activity hours which is generally 2 hours per week. To support
educators to reduce their workload within the time constraints of robotic activities,
using educational robots which is easy to use regarding assembly and ease of learning

is crucial [31]. As one respondent said:

“There is a burden of learning that this will create. You will have to learn more. I can
say that it can take too long an amount of time to make the robot better. It particularly
takes a long time to reassemble the body parts. All these parts can be problematic,
their cables can be disconnected, etc. It may require a good deal of electronics
knowledge. Sometimes you cannot solve the problem, the settings, cables, and
resistances can be malfunctioning. It may accordingly require director expertise.”

(RO1- on commenting mBot)
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Complex robotic construction kits may oppose additional difficulties to users, but it
depends on the educator’s goal to select appropriate robots or robotic kits between
various educational robots. Based on previous research, different types of use are
defined, and educators can decide upon which kind of use of robots provide benefits
in the light of their goals. Alongside the selection of appropriate educational robot,
planning and managing students in robotic workshops is another issue [32] which is

highlighted by another respondent as:

“You have to put sufficient material before each child and put up a very good system
or else the whole place could turn into a chaotic atelier full of small robot parts. This
is usually the biggest problem. Let me think for another. | come across two kinds of
children: Some of them are interested in the design aspects while the others are much
more interested in the programming aspects. The balance here must be fine for asingle
child may not be interested in programming. If you bring together two children who
are interested in designing and doing two teamwork, you will find useful things."
(RO2- LN45 — on messy workshop and division of labour in student teams.)

To preserve order in the workshop space for robotic activities, respondent suggests
that bringing limitations to given robotic construction materials for students helps
educators to keep workshop space in order. Otherwise, workshop space for robotic
activities can quickly turn into a mess if students are allowed to access irrelevant
materials. In addition, a collaboration between student teams is another challenging
issue which is stated. Regarding dynamic student teams for robotic activities, the
strategy of the respondent to overcome the challenge is to match students with
different personal interests in the same team. The challenge stated by the respondent
is concerned with the social aspect of the using educational robotics. However, there
are other examples of challenges faced by educators that are caused by the robot itself;

most of all based on using sensors [33]. As one respondent put it:

Learning through the program duration is important. We ourselves study each week
before the students come. Of course, sometimes problems arise, even though you can
arrange everything to its minute detail. | test it before students come, but still,

sometimes problems happen during the class. These problems could arise for both the
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students and the educators. For example, while I am doing exercises with colour
sensors, even the light from the environment can affect the the colour due to its

reflection. (R09 — commenting on technical diffuculties.)

Majority of the respondents stated that they are making preparations for their next
robotic activity and also testing the robotic systems before the activity hours to
disregard possible errors to take advantage of time. However, despite preparations and
tests of educators, they still faced problems based on sensor readings due to the
unpredictability of real-world environment. The reason for the occurring problems
while using sensors is because of not conducting robotic activities in laboratory
environment which are specifically designed to provide stable values for sensor
readings. There are possible solutions to adapt robotic systems by calibrating sensors,
but it may require advanced programming skills which may be inappropriate for
students. Using sensors are commonly stated as a challenging issue amongst

respondents [34]. As one respondent said:

You'll be using a new sensor, for example, and you need to know how it works. More
than that, as we discussed just now, you need to make the system work in a rapid
way. Therefore, you need to know how the sensor works completely so that you can
code it in its proper way. This takes a long time, sometimes, weeks depending on the

sensor. (RO5 — on unpredictability of a system and reliability issues.)

According to statement, challenges that are generated by using sensors or teaching
about sensors is interrelated with the time spent for the activity. Building robots from
scratch is often stated as more time consuming than other types of robotic activities
(Vandevelde & Vanderborght, 2013). Therefore, absence of compatible sensors with
main controller of a robotic system which is designed for ease of use generate
multifacet challenges and requires additional effort from educators. To understand
how sensors work, datasheet examinations and experimentations may needed which
also cause loss of time. To use educational robotics in schools or in spared time for
afterschool robotic clubs wasting time on technical side of sensors might not be desired

if the learning goal of the educator is not teaching robot itself.
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4.2.2 Challenges of Students

New context of learning as educational robots, brings different challenges than
classroom lessons might oppose for students. Sometimes challenges that offered from
using educational robots can be welcomed or provoke negative feelings for students
yet, the student motivation and interest on robots are dependent on effects of the faced

problems [35]. As one respondent put it:

"That is to say, learning the robot itself becomes an issue in itself. Therefore, students
cannot be completely independent. While some enjoy this a lot, others do not
appreciate it in the same way and at the same level. It can create a cognitive load for
some students. For some students, it does not create such a great load in that sense,
actually, it would be great if the use of robots could be in the form of a study in which
the student is active.” (RO1- on cognitive load and learning robotics)

According to the statement, learning about robots regarding electronics, sensor
reading, and programming is a new context of learning for students so, using robots
may bring cognitive load for students which may limit their creativity until they are
feeling comfortable on the context knowledge. Moreover, engagement of students
depends on the motivation and personal areas of interest upon educational robots.
Addressing students personal interest is a crucial aspect of sustaining student
participation in robotic activities. In line with the personal area of interests of students,
external factors such as, parental support is another challenge that students faced.
Talking about this issue [36], a respondent said:

“If the student does not have the special interest, he cannot think algorithmically; he
runs away from it, leaves it, drops it, does not get into troublesome work. In others
it’s mechanic, for instance, their computer is insufficient, the child's family does not
buy a new computer, and the computers in the school are accessible to a certain degree
because we do not allow them to take the school computers home. Naturally, when
the machine in the hand of the learner is left inadequate, he drops it feeling enervated,
thinking he can't do it.” (RO8- on student’s personal interest and lack of parental

support)

Considering the statement, educator-based and institution-based support cannot be

enough for student’s motivation; parents also play a vital role to support their children
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according to their interest morally and financially. Since the time spared for robotic
activities is not enough to build and programme a robot, motivated students are
working in their free times for their robotic projects. Providing students tools that are
needed to build and programme a robot is an important issue which is addressed by
some private institutions under the name of robotic clubs, however, personally in their
free times not all students can access these kinds of opportunities. Lack of numbers of
educational robots for large groups is decreasing the interaction between student and
robots thus, resulting in the loss of student’s interest from robotic activities [37]. As

one respondent put it:

“When we look from the students' perspective, there are three groups in each class,
and if we assume that there are about 18 students in each class, there are six students
in each group. While some are wholly interested, others don't do anything; they stand
apart favoring only to observe, some students spend their time without touching a
robot, we have had this; for example, some students do not get into any interaction
with the robot. Often these are mostly female students, there happen to be students
who do not have it in the area of their interest, some of them are really not interested,
they also think that such things as robotics won't be useful to them in the future, they

are not interested and they prefer to stay a little back.”(R09- on student lack of interest)

From the perspective of the respondent, one of the most critical issues derives.
Considering students, providing robotic activities for increasing participation is of the
significant challenges in the field of educational robotics. Student’s lack of interest
may overcome by creating gender-neutral, broad themes that all students can find
projects according to their interest is one of a critical aspect to conduct robotic
activities (Rusk et al., 2008). Educator’s role is essential to provide student motivation
and enhance engagement of students by selecting themes that offer freedom of choice
for the robotic project. However, age-group that the educator deals with is another
aspect and may require additional time and effort to provide student motivation.
Talking about the student's interest based on their developmental stage [38], one of the

respondents said:

“Another thing is that the sections we work with, especially the middle school

children, children in adolescence, from 12 to 13, bring out different problems on
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various issues, and this causes a distraction for them, their interest shifts to utterly

different things.” (RO6 — on developmental issues of students)

Respondent states that being in adolescence also may bring challenges for student’s
interest and concentration in robotic activities. However, the developmental stages the
students are going through is temporary, and educators may take precautions for
environmental distraction or develop strategies to attract them into more engaging
robotic activities. Afterall, educators are the experts on the field to work with diverse
age groups and specialised on communication according to students age. Elementary
school students are more likely to challenge by developmental issues regarding motor
skills while building robots from the robotic construction kit [39]. As one respondent

said:

“Because their manual dexterity has not fully developed yet, meaning, not having
control over those muscles, and because it is not an age group that can achieve
complete control... You know, not having much body muscle coordination. But by
trying repeatedly and working hard on it, as | said, we've managed to overcome their
over activity. A child who can't stop moving during class stops moving when it's time
to interact with the robot. Which means this not a problem, that is to say, it's entirely

related to the child's interest.” (R04 - on motor skills)

According to the statement, lack of manual dexterity depends on the student’s age.
Also, respondent states that building robots from a robotic construction kit have
developmental benefits for motor skills of the students. A robotic activity that is
conducted by the respondent caused behavioural changes on students who are defined
by the respondent as “hyperactive” during the formal education hours. However,
building process of educational robots is based on student experience and familiarity
with robotic components and may develop through practice [40]. Another respondent,
when asked about the challenges faced by students while using educational robots,

said:

“these exercises are generally in English, our kids are not bad, they are well developed
in terms of teamwork but they struggle with English. | don't have problems in the
foreign language (English), but even though our students take eight hours of English

per week, none of them know English. They do not know English well enough to read
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and understand an article, I am not referring to their speaking, I am talking about
understanding what you read at a basic level. Actually, they do not understand what
they read in Turkish either, we have such a trouble.” (R10 — on language barriers for

programming)

Language problem can be both sided challenge for educators and students. According
to the statement, most of the programming interfaces and open-source documents are
in a foreign language to students, and they have difficulties to understand and interpret
the information given. Being able to make research on the internet to reach valid
resources and understanding programming interface or errors caused by the system is
based on student’s language competencies if the student is beyond the educator’s
guide. Being able to have language skills to communicate and interpret knowledge is
one of the goals to achieve for 21st-century skillset (Binkley et al., 2012). Beyond
technical skills that are required for educational robotics, other skills such as
collaboration, communication are equally important to raise interests of students.
4.2.2.1 Robot Based Challenges of Students

Students that are unfamiliar with robots before are having robot images in mind which
is based on media representations of robots from the movies, comic books or video
games. This representational image of robots may deceive students for their work and
create barriers to robotic activities in learning environments. Educators also having
challenges to understand how students perceive the robots they are using; this
perception differs between age groups, and below high-school level, younger students
are more likely to attribute characteristics of a living thing to a robot. From elementary
school to high school common use of educational robots are as a tool for learning or
learning robot itself which is lack of advanced intelligence to attribute character.
Therefore, anthropomorphism may cause barriers to the learning experience of

students [41]. As one respondent put it:

“The biggest problem with robots is to see them through the eyes of the learner and to
check how the learner perceives the robots; it is not easy to explain that there is no
consciousness in the robot. To be able to tell that robots communicate with the outside
world using the commands we give and sensors, an introduction course may be
required. Students cannot learn the concept of sensor easily; it's a numeric value. That

is to say, you show a color, and the student needs to perceive its numeric response,
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not that it’s a color nor the meaning of the phenomenon, this is a kind of mental

transformation.” (RO1- on anthropomorphism issues)

According to respondent, teaching how robots perceive worlds, is essential for the use
of sensors within the system. However, robot perception of students that is influenced
by high-intelligent robots in movies makes students think robots have similar
perception with humans which is followed by failures in programming while using
sensors. Explaining how sensors work is related to the conversion of real-world
perception of humans into computational representations. Therefore, the
anthropomorphisation becomes an obstacle for the understanding of computational
concepts and the suggestion of the respondent to overcome this challenge is to give
students an introductory course on robots [42]. Another respondent alluded the notion

of anthropomorphism as:

“Children have extraordinary dreams; for example, they say 'l am going to go inside
this mirror and teleport to another dimension.' They come up with these unrealistic
projects, and you have to make sure that they come back to earth. Same is true of
robotics; they fantasize a cyborg that talks and get a bit disappointed when they see
the sets. Well, our sets are not very advanced, firstly the child is having trouble here.
Secondly, the child has no notion of what a robot is, get it? he considers even remote
controllers as robots or thinks only of cyborgs when she hears the word robot.” (R10

— on anthropomorphism and media effects)

According to the statement, the educator was guiding students to more realistic
projects when students are demanding inapplicable robotic projects from the educator.
Respondent persuades the students for a feasible robotic project to recover
disappointment of students derived from the mismatch between the imaginary robot
in the student’s mind and actual robotic construction kit. Moreover, respondent agreed
with statement that suggest introductory course on robots for better understanding of
students about how robots work. Beyond the robot perception of students, familiarity
of students to robotic components is another challenging issue mentioned by educators
[43]. As one respondent put it:

“For example, sometimes you encounter a child who's never built a Lego set before,
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they come, and they just do not want to be here, that becomes our biggest issue
sometimes, but as they build it independently, they like it and began doing it, well,
that's the only situation | encounter, other than that there are many students who are

very interested.” (R09 — on familarity with robots)

Depending on the experiences of the respondent some students that participated to
robotic activities can be unfamiliar to construction elements or inexperienced on how
to assemble parts of a robotic system such as, wiring, using memory sticks and so on.
Lack of experience of students may decrease the motivation of students upon failures.
However, it is a skill that can be mastered if practised enough. Given memory of the
respondent was based on students who built robotic construction kit. Building robots
from scratch may bring different challenges to students for the use of unfamiliar tools
such as, soldering iron, screwdriver, wrench, 3D printer and more depending on the
educator’s choice [44]. Similar to shared experience of the respondent, another
respondent said:
“Some of the children are afraid, for example, the female students, you know, because
we firmly believe that stereotype in our culture, boys can hold a screwdriver, but girls
can't. So, the child may not have ever held a screwdriver or have built Lego and can
get frightened thinking she won't be able to do because it is something entirely new,
but we overcome these issues, that's how problems occur.” (R10 — on familiarity with

tools and robots)

Students are experiencing and mastering a variety of tools which they are not able to
experience in traditional learning environments. Robotic activities are providing a
suitable ground for students to know the unknown in diverse ways and with the aid of
the educator raise their confidence in the use of different tools. While some
respondents are focusing their goals on the programming aspect of the educational
robots, others are choosing to combine different skills of students to design a robotic

system [45]. As one respondent said:

“Because we do not use a ready-to use robotic kits, we need to combine them from
scratch. In this part, in terms of required strength or because the tools used are sharp
objects, we come across some obstacles, some students can cut themselves. This is a
rare situation, but it is one that | see as an obstacle to design, and like | said if some

design subjects are taken priorly, for example, 3D design course to improve kid's 3D
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thinking skills, I believe we can overcome that obstacle.” (R13 — on design skills and

tools to work with)

Instead of using robotic construction Kit respondent prefers to build robots from
scratch with students. As stated by the respondent, most faced challenge by students
while building robots from scratch is a design-based challenge. Together with the
design of a robotic system, assembly of custom parts is more challenging for students
than assembling a robot by using robotic construction kit. Custom built robots by
students can have poorly designed body parts and connections which can extend the
time of building phase of the robot. To avoid such challenges, respondent suggested
that 3D modelling courses can be beneficial on student’s design skills. Moreover,
because of using real-life tools such as razor blade knife, students may have injured
during the process. However, Injuries during robotic activity is not frequently
encountered a problem for most of the respondents because students are using such

tools that hold injury potential under the supervisory of the educators.

Students gain mastery over educational robotics by failures and failures provide
learning opportunities for educators. Students are biased over robotic technologies and
avoiding themselves from trying or even to touch. Maybe it is the fear of the unknown
because one of the respondents stated that students are not even touching to
microcontroller because of the fear of electrocuted by it [46]. For example, as one

respondent said:

“Children are unfamiliar with electric and electronic devices, they pre-judge, thinking
it's complicated, they get frightened, and they initially don't want to work on it, but
you overcome this, they connect a few wires, see that things start working and they
proceed. It is all new to them, so at times they confuse the wires, they attach them to
wrong places, and things do not work, but in time things speed up.” (R06-on fear of

making mistakes and lack of experience with micro-boards)

Microcontrollers seemed to have a negative first impression on students which evoke
feelings that is complicated. However, students raise confidence after their first
successful examples that guided by the respondent. User-based errors happen during
wiring process respondent’s projects because of the microcontroller’s pin sockets are

tiny and hard to see which number is written on the side so, it ends up with a short
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circuit with a cost of few components and programming failures. False wiring while
using microcontrollers is commonly faced challenges by the educators [47]. By

pointing out this issue, another respondent said:

“Children sometimes misconnect the circuit, causing a short circuit; they don't even
notice because they act very fussy when wiring. It is necessary to install the cables to
the ports on the border very carefully, for example, at times, the student supplies
electricity to one of the holes but wires the cable to a different hole. When we check
we realize that the short-circuit is caused because cables are reversed wired, or the
cable is connected from another place. We come across small problems such as these,

not any big ones.” (RO7 — on false wiring and lack of electronics knowledge)

Respondent mentioned about student behaviours during their project as being hasty to
wire components and causing short-circuit because of not paying attention to
connection points on the microcontroller. Students demoralise upon their failures, but
with the guidance of the educator, some of them troubleshoot together to solve
problems occurred. Younger age groups are growing impatient to see the results of
what they are doing and sometimes can have difficulties with problem solving.
According to provide efficient learning opportunities for students in learning
environments, educators should guide students and explore rather than giving direct
instructions (Glen, Suciu, & Baughn, 2014). Respondent only guided students to solve
problems by themselves and boosted their confidence. Another respondent remarked
the issues based on problem solving skills as relating their existing knowledge from
other subjects to solve problems. In addition, respondent remarked the challenges that

students faced on using sensors [48]. Commenting on this issue one respondent said:

“They are having a lot of trouble with the sensors. As I said, when looked at the logic
of the robot's program and the algorithm, it is expected that the program works
correctly, however, due to parts students use affecting the design, the robot can not
fulfill the task in the given time. You see, it is critical where the student starts the
work from, for example, let's say there is a piece that needs to be put in on the right
of the robot to do the job, it is a heavy piece, and it causes the robot to slide slightly
to the right. They need to think about ergonomics, laws of physics. These are the most
significant problems encountered.” (R11 — on sensor based problems of students and
knowledge)
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While programme code which designed by students is without error, a robot built from
a robotic construction kit still not working as wanted. Due to the statement of the
respondent, the leading cause of not seeing the necessary action from the robot is based
on its design because students did not consider the laws of physics while designing the
robot. Relating the written programme with other factors that are connected with

robot’s physical components is highlighted as a huge challenge faced by the students.

4.2.2.2 Challenges of Working Together Among Students

In 21%-century skills collaboration and communication skills are mentioned as
essential skills to attained for students which are entwined with various provided skills
from the framework. Providing benefits to students on social skills alongside with the
technical ones is one of the most significant advantages of using educational robots in
learning environments. Educational robots may play the role of a valuable tool to
improve communication and collaboration between students. However, improving
social skills for students, it seems as another challenging issue for the respondents

[49]. As one respondent put it:

"Problems | have experienced in general are ... well ... | believe that children should
do their own design. | give kids the design principles and expect them to design
according to them, but when designing each student wants to work on the design by
themselves. Instead of collaborating to achieve the goal, everyone tries to impose their
own design on the others, so we struggle to conduct this matter as a group work,

individual ideas clash.” (R02 — on working together)

According to the statement, students are not open for collaboration, and they prefer to
behave self-centred during the robotic activities. On brainstorming phase of the
project, students are not showing respect to each other’s’ ideas and prefer to stick to
their proposals which are creating challenges for the respondent to move on the robotic

project [50]. Further discussing the challenges of the collaboration, respondent said:

"some children act selfishly, trying to program by themselves. The kid always wants
only himself to program, we try to change things up by saying 'let your friend work
on it too' or ' have Ahmet work on it as well." Some children can show off-task

behavior, and when they do, we call the kid over and give him the '1, 2, 3, start' task,
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that is how we redirect off-task behavior." (R0O2 — on team working and student

motivation)

Respondent adopted a strategy to tackle challenges of collaboration amongst students.
By changing the roles of the student teams, respondent preserved the overall student
motivation also students equally share the effort throughout the project. Changing
student’s role in teams is also provides a chance to exploring other aspects of
educational robots. In fact, solely focusing on programming or building robots for
students may limit their perspectives to see the big picture. However, students prefer
to work individually, and collaboration amongst students remains a challenge [51]. As

one respondent said:

“The thing we struggle with regularly is that our students actually are not suitable for
working in teams, they usually prefer to work individually, so, as the number of group
members increases, potential problems increase as well. Normally, it should be the
opposite of what we have, things should go smoother as group attendance increase.
You will see that the smaller the group, the faster the project finishes. This is one of
our biggest problems, students affect each other badly. Apart from that, to minimize
the problems we are taking the following measures. We have students who are very
good at 3D modeling, we assign one of them to each group, there are students who are
good at problem-solving and can think critically, we assign one of them to each group,
and we have kids who are good at programming, we assign one of them to each group
as well. Once these conditions are met our problem are solved. Of course, then there
are also kids who have good hand skills, they significantly accelerate the work during
the assembly stage. There needs to be a student with these different specialties in each
group, because, if not, the troubles begin there, when these students are restricted they
drain each other’s time. This the biggest problem we experience.” (R14 — on division

of labour in student teams and challenges of working together)

According to the statement, as the number of students increase in teams the challenge
of providing collaboration amongst students is gradually getting harder. Also, despite
accelerating the progress student teams with large numbers are slower on the progress.
Not using robotic construction kit may provide extra roles for students who work in
teams because students need 3d printed or handcrafted components for their project.
The strategy adopted to overcome the challenges of student collaboration is different
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from the previous example. Respondent is placing students with different abilities to
different teams to accelerate the progress of the project and to sustain social relations
in student teams. According to experiences of the respondent, teaming up students
with same interests such as, a student who likes programming or student who likes to

assemble parts, may create disagreement amongst students.

4.3 Exploration of Design Requirements for Robots in Education

This theme embraces the design requirements of a robotic system for K-12 education
from the perspective of the educators. Design requirements are specified from the
expectations and needs of the educators in line with their criticisms and comparisons

between commercially available robots.

Regarding design requirements for educational robots, responses gathered from the
educators led to eight categories considering the expectations of educators from a
robotic system which is specially designed for the learning environment. From the
most stated to less, sub-themes will be presented hierarchically according to the
emphasis of the educator’s statements. During the interview respondents mentioned
about design requirements in a disordered way but requirements mainly found on the

robot comparisons and process-based questions part.

4.3.1 Adaptability

Adaptability of a robotic system is widely mentioned the concern of the respondents.
As a design requirement, adaptability resulted from the analysis in two-folds: first as
adapting to the learning environment; and second as adapting to student age group.
Fourteen (14) out of fifteen (15) educators have criticised and stated their needs related
to the adaptability of a robotic system.

Adaptability term used by the respondents to address a wide range of needs and
expectations for robots in education. Considering the statements of respondents,
adaptability of a robotic system is required to widen the spectrum of application

domains (science, math, social sciences, art) in K-12 education; provide flexibility to
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educator’s goals; adapt student’s cognitive and physical abilities and, to extend robot’s
physical capabilities such as: construction parts, material, input/output ports. In line
with the significance rate from data analysed, adaptability has three distinct features

namely; modularity; adapting to age; and compatibility.

4.3.1.1 Modularity

Modularity of a robotic system provides students and educators wide range of
opportunities for a designed system in many ways. Regarding statements of the
respondents, modularity term is commonly used to refer design variation of a robotic
system by the flexible use of body (construction) parts and sensors. The design
variation of a robotic system or robotic construction kit is one of the first preference
for an educator to adopt one system to a variety of subjects in the learning environment
[52]. To illustrate the importance of design variation preference of an educator, one
respondent said:

"At various times, various toys become popular. For example, there were toys that
you could spin like peg-tops, they were popular. That toy gets purchased, and so do
different variations of it, then, after a certain period, the toy is no longer attractive,
why? The design becomes outdated. You bought it for the child, the child has
consumed it, and now she doesn't have a chance to do anything else with it. But with
models such as 'Lego’ or 'Rex," you can make something different each time, create a
construction machine today, a cube solver the next. Possibilities are endless, | would
prefer for it to be modular. (R02 — on comparison between pre-assembled robot and

construction kit)

Concerns were expressed about modularity during the comparison phase of the
interview between construction kits and pre-built robot. Educator prefers to do various
projects with a construction kit rather than a pre-built robot with no alternative design
options. Modularity of robot components provides diversity to robot design which also
contributes to educator’s goal to raise students interest for an extended period by
offering diverse robotic projects in the learning environment [53]. Considering raising
interest of student by providing customisation through robot design same respondent
stated that:
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“I can say that when children create their own robot designs, their interaction with the
robot is more powerful. You are having them built a task robot. What is in a task
robot? Two wheels at the bottom, two engines, and a controller on the top. But when
you ask the child to make a bumper for it, and when he adds two colored lights to the
back of it, then that interaction is higher, the child sees it as his own. When he sees it
just as a task robot, the interaction is lower. But when the child customizes it with his
own design, this interaction becomes more powerful. Let’s call it ‘customizing with

own design’ (R0O2- on relationship between modularity, customisation and likeability)

Providing diverse projects for learning is another aspect for educators which can be
affected by the flexibility of a modular robotic system because, in formal education,
student robot ratio may not be enough because of external challenges such as; high-
cost of robotic platforms, funding spared to buy robots for school and so on. Therefore,
according to available robotic platforms in formal education institute, students may
work in a small or large number of teams on different projects with different educators.
In this case, modularity feature of a robotic system which allows ease of
assembly/disassembly with easily removable components (sensors, battery, body
parts) gain importance [54]. Commenting on ease of assembly aspect of modularity,
one respondent said:"Must be modular, sensors should be easily removable so that it is ready
for the next lesson. It's unrealistic that every student can have his/her own, it is more feasible
to have one for the whole class. Therefore, in class, there must be a design that is composed
of quite rich sensor packages and can easily be broken down." (R14 — on modularity and

reusability)

Regarding learning with robots in formal education, educators can possess
everchanging concerns according to their pedagogical beliefs. Moreover, the choice
of an educational robot and robotic activity shapes due to the approach of the educator.
In the frame of this interview educator’s approach to learning with robots can vary on
design skills, programming skills or combination of both. While built-in robots are
found beneficial for students to focus on more advanced programming skills, robotic
construction kits are found beneficial for creative thinking and innovation by the

respondents [55]. As one respondent put it:

"These are like DIY computers, I'll have this processor, this case, and this big of a

hard disk. You can just design it according to your desires, it's more creative in my
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opinion. Of course, bringing things together is more creative and more practical. After
all, you can compose what you want to create by buying specific products. This adds
a bit of freedom, | think this is important, and as | said, it also looks adorable." (R03
—on mBOT)

Nevertheless, commercially available modular robotic systems are not found
beneficial for proving freedom of design to students by some respondents.
Respondents who prefer to build robots from scratch instead of purchasing robots or
robotic construction kits are often criticised that the construction kits with unique
components regarding construction parts and sensors may cause limitations for
creative thinking as well as for the spectrum of the learning opportunities within the

robotic project [56]. Talking about this issue, a respondent said:

“It can be beneficial in terms of education, other than that, everything else is within
boundaries that they (the manufacturer) have pre-determined and you can't leave them.
This is because the sensor used is specific and all the structures you can use are
limited, but if created from scratch, you can integrate different sensors and have the
children do creative projects that they come up with. There are about a thousand
different sensors available on the market today. Here you are just limiting their

imagination.” (R13 — on how ready-made components limiting creativity)

Educator’s goal to build robots from scratch seemed to be more creative and open-
ended than being attached to a robotic construction Kit or a built-in robot. A significant
number of respondents believes that usable wide range of sensors and robot body parts
may open pathways to more creative robotic projects for the learning activities.
Without ready-made construction parts to build a robot, students may face new
challenges to design a robot which may require to attain different skills such as;
learning 3D modelling programs for the use of 3D printers or how to use various
materials like clay, cardboard, plastic wastes etc. to design robot’s body with hands-
on modelling tools such as: razorblade knife, soldering iron, hot glue gun and more
[57]. Commenting on why building robotic projects from scratch instead of using a

robotic construction Kit, one of the respondents said:

“What we want is for them to create things and discover, improving their imagination

and creative thinking. We are limiting this in a way, it becomes as if it's only a toy
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that can perform certain operations. We want the child to be able to see certain
operations and be able to execute them. Like this, it's like solving a puzzle, but in the
other one, you are designing a product from scratch. "So cardboard is used here in
this, maybe it doesn't look as nice as the other one. As you can see he made that from
cardboard, and over there he made something entirely different from cardboard, you
know how they question whether or not absence help trigger creativity, right? So, even
him being able to solve that, or problems alike, is important for us. It's important for
us to use Arduino in this way. " (R06 — on the use of different materials and providing

explorative learning experience

Required time to building robots from scratch is more extensive than designing robots
with a robotic construction kit. Building robots from scratch offer a wide range of
materials by reducing the quality of the final product, whereas construction kits offer
robust designs because of their material quality. Some respondents argued that robotic
construction Kits limit the creativity of students because of the constraints brought by
pre-made components, while others found construction Kits beneficial to raise the
interest of students with easily generated design options for robots.

4.3.1.2 Adapting to Age

Adaptation of educational robots as a learning tool for a specific student age group is
a second most mentioned issue of the respondents. Adapting to student’s age varies
from physical parts of the robot to software complexity within the frame of learning
goals of educators. Since the learning capability and physical abilities differ according
to age, a robot in a learning environment should be able to correspond to the physical
and cognitive capabilities of different age groups. From elementary school to high-
school respondents are working with wide range of age groups which may require
changes to the robotic system for a specific age range. These changes may vary from
physical attributes of the robot, such as the size of the parts to software complexity of
the programming interface [58]. During the robot comparison part in the interview, by

referring a robotic construction kit, one respondent stated that:

“If the pieces are too small they can lose it easily. The school environment is such a
setting that kids forget everything immediately. The small size of the pieces is a
disadvantage. Finding those parts and rebuying them are costly expenses. So, maybe

the robots used in the education system would be made of bigger pieces, maybe
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something like that. Or the pieces can grow and shrink related to the ages of children."

(RO3- on the physical constraints of components in robotic Kit)

Educator thought that robotic systems with smaller parts as a disadvantage in a
learning environment which can be easily lost, and because of the required dexterity
to join parts the robotic system may be difficult to use for younger age groups. Parts
are commonly linked with developing motor skills of students. Some respondents
attributed developing motor skills to construction part dimensions of robots [59]. As

one respondent put it:

“As | said they [lego pieces] really develop their handicraft skills. While they can
complete only a little piece of the work at the beginning of the year, they can do faster
at the end of the year, or they can complete the work that they were not able to do in
a limited course hour. It improves their handicraft skills.” (R02 — on developing

student motor skills through constructing robots)

Adaptation of the size of the robot components is found necessary regarding ease of
assembly, and the overall size of the completed robotic product. For instance, an
educator who works with middle school age range, states that students sometimes have
difficulties during the design phase of the robot and removal of the parts [60]. During
the process-based questions in the interview, one respondent referred to difficulty

caused by the dimensions of the parts as:

“He needs to both hold the pieces on the top and at the bottom and assemble another
piece on edge. The child cannot use his hand correctly enough. Though, he needs two
more hands. But, there is someone who does it on its own. During that time, he makes
a reverse move; the other piece falls, he cannot attach the pieces. But, this changes in
different situations related to the robot he makes. If he makes something easy, he's

already making it proceedingly.” (R04 — on building experience through practice)

Ease of assembly is related to dimensions of robot parts for below high-school level
students because of their lack of dexterity on practical appliances. However,
sometimes it can be a desired limitation for educators to improve motor skills of
students by challenging them to assemble hard fitting parts and mechanisms [61]. As

one respondent commented on this situation as:
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“the piece is growing by using it. It is about spending time with the robot. If the robots
are designed with pieces that can be attached easily, he doesn’t experience it. But I
think it has a positive effect. He needs to try harder when the work is difficult.
Otherwise, he needs to click two pieces, and he is done. He needs to understand the
mechanism. There is a situation that he needs to question why he has to complete the
tasks in order, what he expects from it and what he does.” (R0O4 — on gaining

familiarity with robotic components)

To address different levels in the learning environment, an adaptation of a robotic
system to different age groups remained unclear between the comparison of robots in
the interview. The desired robotic system is overlapping with the goals of learning of
educators to suit needs of students from different levels of education since the learning

is incremental in educational environments [62], one of the respondents stated that:

“Makeblock is superior to all. The Makeblock has the advantage that one of the
products that appeal to very young age groups, and after you have made the
necessary upgrades and used Arduino's resources, you can also use the same kit for
high school groups. This is a great deal of flexibility because when you look at other
brands, they are always targeted separately. We do not generally see a product for
children from primary school to high school in other kits. Makeblock provides this
flexibility. " (R14 — on flexibility)

According to respondents view sustaining robot itself through the education of
students from elementary school to high-school is crucial. Learning content in
education also incrementally changes through the education life of students, so an
adaptable robot or robotic construction kit which is used in diverse learning activities
is preferred by educators rather than purchasing new robots for each age groups. A
robotic system that allows further development be essential to fulfil educator’s goals
for different age groups of learners. In line with the robots used in education, an
adaptation of programming software to various levels of learners is another critical

issue [63]. One respondent state that issue as:

"There are interface troubles. Some interfaces are very complicated; some faces are
very simple. The child says: "I will put the scratch codes, but after | put the codes, |
want to do that." That interface will be straightforward, it not improve him. It must

be a level between intermediate and very difficult. There should be proposals for
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every project directed at the child. We have experienced them. Also, possibilities for
programming are limited in general. Robots have limited capacities. You can not
reflect the command you gave every time, the algorithm you thought you gave each
time to the robot. Because they are not very advanced systems. You can not do a lot
of programming on mid-level robots. They give errors, do not get the commands,
reset themselves, or they're resetting while you are coding. " (R10 — on adaptability

of robots to diverse age groups)

In line with the robot’s physical attributes, adaptability of programming software due
to different learner levels is regarding robots for education as a unified system with
skills required to use computers. To implement and guide doable robotic projects,
educators play a vital role in the learning environment. Therefore, an adaptable robotic
system which can be used to support educators in terms of designing activities related

to variety of skills and subjects become an important issue.

4.3.1.3 Compatibility

Considering robotic system design compatibility is another mentioned category by
respondents. The respondents refer compatibility involves two distinct perspectives;
firstly, from learning perspective as compatibility of robotic activities to learning
environments and secondly as design perspective that concerned about features of a

robotic system.

From the learning perspective, application of robotic activities desired to fulfil
expectations derived from the school curriculum. Linking robotic project-based
activities with school curriculum is preferred by some respondents and seemed to be
a compatibility issue between schools and robots for education. Affecting factors
about the compatibility of robots in learning environments mainly concerned about,
the time required to build robots, supporting educators with academic materials, lesson
plans and intra-curricular activities [64]. Commenting on the strength and weaknesses

of robots for education one of the respondents said:

“Fundamentally, the curriculum to be applicable. If you can explain the Pythagorean
theory by using a robot, that's fine, but, if you cannot, then, it seems as if that robot
exceeds its area of use. Or, let me put it this way, if you can show germination in a

science class using a robot, that's fine. However, training programs have to be very
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well structured utilizing robots. Maybe they will be at a higher level because they can
not be done in class but rather in tournaments such as First Lego Leauge, sumo, or

ping-pong, which its work continues.” (R08 - on curriculum related robotic activities

)

However, integrating robotic activities as an intra-curricular activity in formal
education settings is still a challenging issue for the field of educational robotics.
Similar to other technological tools for learning in schools such as computers, tablets
and smart boards; robots also require an additional effort for practical use. Lack of
well-defined curriculum to integrate robots in formal education made robotic activities
inapplicable for the current exam-based assessment system because of the time
required for setups and activities for a variety of lessons. So, the educators prefer to
join robotic competitions with extra-curricular activity groups of students instead of
using robots in classrooms during the lesson hours. To overcome some difficulties
faced to integrate robotic applications into formal education, educators may come up
with different strategies by choosing familiar programming languages for students
[65]. For instance, one respondent said:

“In the information Technologies Software course, in 5th and 6th grade, we teach
Scratch in the coding section. Because we teach Scratch, the student uses the logic of
ardunioda, other than that you don't need to explain anything extra. There are only a
few extra blocks in the arduino-related parts, we show those and continue with the
process. You don't need to explain the editor (program) from scratch or say things
like, 'this is what blocks are for,' 'this how you use this.' That's the first step, and we
are able to continue right from the second step immediately, so, we don't have to deal
with the training of coding again.” (R06 — on how to integrate robots into the

curriculum)

From the design perspective, it allows for further development of robot by enabling
the use of wide range of sensors, body parts, mechanisms which some previous
researchers on educational robots referred as third-party components. Integration of
third-party components to purchased robotic construction kit or built-in robot for
education is not usually supported by many commercially available robots, and that
may create barriers for educators to address a wide range of learning activities with

robotic projects [66]. For example, one respondent said:
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“If 1 am going to work with a construction kit, I usually work with the Arduino
platform, and I prefer robot kits that support this platform. | usually try to stay away
from finished products. On the contrary, | am concentrating on more customizable
platforms. Frankly, | don't lean towards finished single-piece products, and besides, it
is also important that it is an open source. Its hardware compatibility is also important
to me. For example, If | cannot connect the sensor of a different brand; to me, this is
a negative aspect. So I would like to use this even if | have the change to change the

pin structure of the cabling.” (R14- on compatibility)

The comment of the respondent illustrates the importance of compatibility regarding
the use of compatible components, open-source documents and customizable
platforms for learning activities instead of built-in robotic platforms. Using a
combination of various robots or platforms from different brands is a desired feature
for the use in learning environments. Freedom of design, standardised connections,
open-source documents and an upgradable robotic platform is pointed out as the most
suitable robotic platform among others [67], as the respondent put it:

“This is the most investible product amongst the once you named. I studied mbot with
this and bought mbotu. There are many sensor connections on the board, when | get
the necessary budget, | can them and develop it further. Apart from this, its mechanical
part is a standard mechanical part; it supports Metric4 screw design. | can connect any
Metric4 screw or a piece | designed from a 3D printer directly to this because it does
not have its own rivet structure. They do not force you to buy their products. Also,
they share 3D models of their original parts free of charge. You can extract the same
from a 3D printer. For example, you do not need to buy its wheel, or you do not need
a gear structure, you can produce that gear from your 3D printer. Another attraction
is its compatible with Lego pieces.” (R14 — on compatibility issues with other

components)

Alongside with preferences on customizable and compatible components such as
sensors, 3D printed body parts and mechanisms, compatibility of several programming
languages are seemed to be found beneficial for diverse learners with different
backgrounds. By considering students existing knowledge, challenges offered from
programming software may also suit to educator’s goal [68]. Another respondent,

when asked about their programming language software preferences, said:
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“Generally, all robots come in with their own interfaces. As you know, we use these,
but if there are gifted children I show them Arduino, directly. | don't have them do
drag and drop programming, instead, | show them the common programming logic,
Arduino. | slightly go into C or Python fundament because it is needed. Ultimately, |
need to understand the basis of the programme running afore so I can help the child.
Other than that, | used the programs own software.” (R10 — on programming related

skills and issues)

As provided by the statement, respondent adapts learning goals based on students
competencies. Since the students may vary regarding knowledge background and
skills also programming languages for robotic systems may adapt their difficulty
levels to make valuable contributions to students learning [69]. On the following
question in the interview as a reason for programming languages preferences, the

respondent said that:

“Why did I choose this? We automatically prefer ready-made interfaces because they
are easier for children to use and they cause less problems and work in a more stable
way anyway. [ don't know the set either, it’s a new set for me as well, you start with
its own interface and its own program. Other than that, why did | prefer arduino? You
know how arduino is, it can work with almost any device. So 0:06:12 is an easy
interface, you do not have to know so much about synthax. My fundemantal
knowlegde is on C and pascal, and in high school I dealth with C and more or less
with Java. So, in order to improve them | chose these.” (R10 — on preferences on

programming interfaces)

Planning and implementing robotic activities require continuous dedication from
educators. However, there can be compatibility problems between different robotic
systems caused by programming language which affects the performance of the action
expected from the robot. As another respondent mentioned, unique programming
interfaces designed for robots sometimes may cause compatibility problems with other

text-based programming languages [70]. Talking about this issue, a respondent said:

“Now, the biggest problem we experienced was the interface of the robot itself in the
overall robot application itself. Or the software to be used with the robot worked best
with the programming language C, Piton. It doesn’t matter which one you use, the

problem occurs when the robot is not compatible with these programming languages.
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Maybe I have used all types of robots but I can confidently say that [ haven’t seen a
single robot that worked with a hundred percent, or even a forty percent compatibility.
A problem is bound to occur at some point. | mean the problems between the software
and the robot’s own physical program or the one that we made for it. What we need
to work on is the flexibility of the programs.” (R12 — on reliability issues with sensors

and programming environments)

Together these results provide valuable insights into adaptability feature of a robotic
system for learning environments. Adaptability feature of a robotic system is required
to provide flexibility for educational goals of respondents to build skills for students;
clarify abstract concepts by making demonstrations and experiments to empower
unique benefits attained from robots in learning environments. From the perspective
of the respondents, adaptability referred to variety of categories that merged under
three sub-themes namely: modularity; adapting to age; and compatibility.

Modularity involves features for robotic systems such as being flexible enough to
provide a wide range of robot designs; ease of assembly to provide reusability for
another purpose. Respondents also highlighted the importance of modularity to
enhance creative thinking for students. Modularity is also related to compatibility
issues that addressed under adaptability can be extended as, use of third-party
components in various robotic systems, use of different materials for design and
supporting educators by providing wide range of application areas between the
subjects. Some respondents argued that robotic construction kits provide enough
freedom of design regarding components to enhance creative thinking while others
thought that robotic construction kits limit the creativity of students and it is more
beneficial to build robots from scratch to enhance creative thinking.

Adapting to age is found as a valuable feature for both physical and digital aspects of
a robotic system. The overwhelming majority of respondents thought that suitable
robotic system for education as a modular system which can be used across all levels
in K-12. Considering student age groups, interaction design requirements for physical
components are based on the dimensions that are suitable for the use of different age
groups with different motor skills. Given adapting to age, physical features of robots
are related to safety and usability aspects of design requirements. Digital aspects of
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robotic systems for adapting to age are based on software complexity and level of
difficulty. Since the information given from elementary school to high school is
adapting to student’s age, the programming language and interface of robotic systems
is required to do so to provide acceptable challenges to improve students. Linking
robots with the curriculum is another concern of some respondents to increase
academic performance of students because most of the robotic activities are extra-

curricular activities and attended by only students with a particular interest in robots.

Compatibility is commonly related to curriculum, components and software features
of robotic systems. Compatible robot components such as sensors and construction
parts are one of the needs of educators to use more than one or more different robotic
systems for the learning environment. Specific to robotic construction kits, some
respondents mentioned their concerns about the incompatibility of thi' party
components to robotic construction Kits in line with the performance issues caused by
the use of different programming languages. Majority of the respondents shared their
views on their preferences for a robotic system which offers a wide range of design
variations while supporting the use of third-party components and other programming

languages.

4.3.2 Usability

Usability characteristics of robotic systems are broad, so in the scope of this study
mentioned issues based on respondents comments, usability characteristics are
examined under three categories namely: usefulness, ease of use, and learnability.
Although, there are many intervened statements of respondents which can be related
to usability but to relate user statements to usability, gathering under three categories
found beneficial to express design requirements for educational robots. The usability
section of design requirements may also enlighten issues that underlined by the
adaptability section. Afterall, all the mentionings of respondents are somehow

interconnected with each other as a part of a system.

4.3.2.1 Usefulness
Usefulness on a subjective basis might not have a constant definition for any human

being; it can change due to our emotional state, environmental condition and many
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other factors at that very moment of using a product or system. In the same way,
respondents mentioned about the usability characteristics of robotic systems in various
ways. While robotic systems that can adapt to their physical and digital properties
according to the pedagogical aim of the educator (including their programming
environment) found beneficial and useful. Other factors may also affect the use
educational robots in learning environments, such as cost and institutional support

[71]. As one respondent stated:

“It’s called usefulness. For it to be better both in terms of effort spent and in terms of
costs... When we purchase a material or a product, let’s say we bought it for Science
class... That’s why interfaces can be preferred when they are higher in number or
when we can include them in the curriculum. For example, if they have five or seven
versions, | would like to choose the one with seven versions to do an event with the
children. So instead of one, multiple purposes will create more difference in

education.” (R03 -on perceived usefulness of robots )

In this case, expectations of the educator are linking robotic activities with the
curriculum to provide educational benefits for a variety of lessons. The choice is
indicated on modularity to use diverse robot designs and compatibility to use a variety
of programming languages to offer a rich learning experience for students. Educators
perspective on usefulness is affected by the usability characteristics such as
compatibility and modularity as well as external factors such as cost and time. To gain
more insights about design requirements for educational robots, when asked about the

opinions of the respondent on a robotic construction kit [72], one respondent said:

“When you see that it is more compatible with Lego and that it can be used in exact
compatibility with Lego, you can clearly see that it is more suitable for open sources.
For example Arduino can be used in different environments and in different ways, and
therefore it is more different. It is more useful for the user in terms of the lesson or the
multiple users or maybe becayse it protects the user more.” (R12 — on usefulness of
mBot)

As a robotic system, offering rich design variations, compatibility with other robotic
platforms and third-party components while having an open-source community

enables the educator to widen activity area of robotics for students. Thus, opportunities
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and features offered by the specified robotic construction kit make educator feel like,
something positive coming from the providers of the robotic system which is defined
as protection, being loved, and sincere from the point of usability. Supporting
educators with open-source academic materials and activity guidelines are increasing
the quality of the user experience according to some respondents [73]. From this point
of view, the relationship between open-source and usefulness of a robotic system is

alluded by the same respondent as:

“These are more in terms of the resource groups.... Because you can use softwares,
the more programming languages you know, the more uses you can have for the robot,
as you probably agree. The more open sources you find if it’s not closed, the more
chances for use you have. At least these are my assessments.” (R12- on the

relationship between usefulness and compatibility)

Preferences highlighted by the respondent are associated with the use environment
supported by the adaptability of a robotic system. The more open-source support,
programming software compatibility the robotic system offers, it creates more
applicable areas in the learning environment for students. Overall satisfaction resulted
from the use of the robotic system is based on educator’s goals and compatibility of
both software and components. In addition to that prediction made by educators upon
the use time of a robotic system may cause disappointments that end up with the never
using the same robotic system again. Usage time of a robotic system is dependent on
its energy consumption and battery life which is constrained by the current state of the
technology to execute tasks in a more energy-saving way [74]. By pointing out these
issues, disappointment caused by a mismatch between expectations of the educator
and the educational robot, one respondent stated that:

“Now, in the engine, there is the iron component, there is the screw, when you can’t
get the whole tour right, then the engine does not work properly. And there is the
battery. The battery runs out too quickly, which I forgot to mention. For example, in
EV3 the battery lasts shorter for some reason; I don’t remember how many batteries
we used, it was 6 or 9. It didn’t even last for half an hour, ran out quickly. The batteries
are not cheap after all, it increases the costs and then you leave it somewhere.” (R15-

on reliability and battery problems of robots)
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Battery consumption of the educational robot is seemed to be at high level for the respondent
and affected the use time during the robotic activity. The educational robot stays on for half
an hour with a full battery which is not enough as understand from the statement. Moreover,
replacement of the batteries cost too much to end up the project, so the respondent is
dissatisfied by the educational robot and decided to not using it again. User experience
provided by the educational robot regardless of its other features is failed to satisfy the
respondent because of its low lifetime with batteries. The respondent did not find the
educational robot as useful because of the energy consumption with alkaline batteries.
However, most of the educational robots include rechargeable lithium-ion batteries which may
provide more extended time for usage, but it also requires time to recharge and having
additional rechargeable batteries in stock might be costly

4.3.2.2 Ease of Use

The definition and explanations for ease of use differ between respondents. From the
perspective of the respondents, statements on the ease of use of educational robots are
based on their programming interface, an assembly such as body parts, sensors. In
addition, some respondents use the ease of use to refer how easily tasks given to
students can be done by using educational robotics [75]. The diversity of functions of
educational robotics is also linked with the ease of use by some respondents.

Commenting on these issues, one respondent said:

“... it’s easy to use because as [ remember it can only perform single tasks. It follows
a line and you can choose colours and it carries them and does nothing else. Therefore,
it is easier to find a product for a single purpose.” (R06 — on minimal design and

simple tasks)

According to the view of the respondent when functions that provided from the
educational robot is limited with few options to do one task such as, following line
and recognising colours seemed to be easy to use. Without offering additional
functionalities beyond line following and recognising colours, it perceived as dull and
doing only a few tasks. However, there can be possibilities to enrich activities by
limiting functions and components of a robotic system, and it can be useful to enhance
creative solutions of student. It depends on the educator’s imagination to support

students with creative projects. Embodiment of robots effects ease of use of
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educational robots regarding ease of assembly and provide flexibility to allow design
variations to support educators [76]. As one respondent said:

“l used similar Kits before but I have not used this particular one. I can see the visual
here, to use this kit you mantle, mount the screw; it is easy to use because you don’t
have to deal with sources and stuff. As | said, | have used similar ones but the problem
here is that those parts are too small. The thing with Lego parts is that you spend a lot
of time trying to decide which part goes where” (R15 — on ease of use of the

consturction parts of robots.)

Assembling robots that have friction-based snapping parts is assumed as much easier
to use over using tools such as, screws, nuts and bolts and welding machines for the
assembly of robotic components or body parts. Respondent stated that the educational
robots which are built by using friction-based snapping parts usually have small parts
that cause loss of time to distinguish between parts and their characteristics. Some
respondents also mentioned their concerns on fluctuating for finding correct parts
which fit each other or serve to their purpose on design as a loss of time during the
building phase of the robot. Quite a few commercially available robotic construction
Kits are providing design manuals for their users to reduce affordances of educators to
build robots. For instance, providing design manuals and academic materials such as,
activity plans and robotic activitiy curriculums for diverse uses of robots for educators
is one of the services that offered by educational robotic manufacturers. Educators
may also benefit from open-source platforms that creates oppurtinities to sharing
projects on internet from other users of the same robotic construction kit. However,
using ready-made academic materials or replicating another one’s robotic activity is
dependent to educator’s choice [77]. Commenting on the ease of use provided by
design manuals, one respondet said:

“It should be easy but not as easy as Lego. We can talk about it in terms of assembling
the parts or in terms of installing the kit so we can talk about the set-up. It is not a nice
thing to put a thick catalogue in front of the kid and tell him to assemble some things
and make a model based on a schema. It must be flexible in terms of difficulty.” (R10

— on providing diverse difficulty levels)
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According to the statement, building robots through design manuals is perceived as an
easy way and not unapproved to conduct robotic activities. Respondent suggested that
there is a need for appropriate difficulty level for the ease of use of educational robotics
building and setup phase. Likewise, the difficulty level of the programming interface
may create barriers for students or can be too easy to provide enough challenge for

further improvement on student’s programming skills [78]. As one respondent said:

“...For example there was Adobe Flash, which was used to developed games. It had
a difficult language and you had to type this text-based language on a keyboard one
by one. When I tried to explain it in class, | could get the attention of maybe 3 students
in a class of 20 who were able to understand it. Now we have something called
“Scratch”, which is amazing or Google has a block infrastructure called “blockly”
where you can drag the codes and make it work. We have actually had a breakthrough,
now instead of typing the codes on a keyboard, kids can now just drag it and bring
them together like a pieces of a puzzle and see how the software works.” (R07 — on

comparison between text and block based programming interfaces)

With the advancements in the educational technologies which are designed explicitly
for non-adult use is maintain student motivation by enabling them to create projects
easily without facing technical obstacles. Relying on the respondent’s teaching
programming to students related experiences, the transformation of text-based
programming interfaces to drag and drop block-based programming interfaces seem
to have a revolutionary effect in learning environments. Before block-based
programming interfaces, respondent was using text-based programming interfaces to
let students design their games which implied as challenging issue for the
understanding of the computational concepts of text-based programming interfaces in
the learning environment [79]. As another respondent referred to ease of use provided

by drag and drop based programming interfaces, said:

“For it to be child user-friendly, it has to be engaging, and shouldn’t get stuck in syntax
or spelling rules. Children in this generation in the last five years or so want to go for
the result right away. Like adults, they want to see the result of what they have done
right away and they do not want to get stuck because of a semi colon, if you know

what | mean. Therefore, things like drag and paste that exist in Scratch make it easy
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and you can’t teach these kids anything without making it into a game.” (R10 — on

ease of use of programming environments)

Discarding syntax-based errors for the use of more natural programming interfaces for
students, using drag and drop based programming, supporting educators to provide
student motivation in the ways of quick demonstration of designed programme codes.
According to respondent, students are impatient to see results of their efforts so, the
quick feedback possibility and ease of error correction of using drag and drop based
programming reduce affordances of both students and educators. Despite the ease of
use provided from drag and drop programming interfaces, raising student interest
remain as a challenge to be overcome by the respondent as a gamifying learning
experience. Drag and drop programming interfaces promote student motivation by
enabling them to see quick feedback from designed behaviours of the robot. Text-
based programming interfaces require additional effort from students and educator
guidance through robotic activities which may extend the time spent on debugging

caused by punctuation errors [80]. As one respondent stated:

“This is the software part. As far as [ understand, it requires a bit of an effort and it’s
not something everybody can easily do because everybody has different skills. It
requires patience because you can forget a comma or a semi colon. Robots that work
with drag and paste mentality are more attractive because people actually want to see
the effect of what they have designed in the robot. They do not want to deal with the
writing part of the code but still what do they do when there is a whole block of codes?
When you drag and paste, you can see the final product easily hence getting rid of a
long and arduous method. This is the reason why | prefer it.”(R15 — on both visual

appeal and ease of use of programming interfaces)

To address students with different abilities is seemed to be a should as an educational
robot feature. Respondent related the likeability of an educational robot with the ease
of programming. From the perspective of the respondent, programming on text-based
interfaces require patience and skill from students who may not attract each student in
the learning environment. Students are motivated when they are provided with features
that grant quick feedback on robot’s behaviours instead of spending hours on

debugging syntax errors. As mentioned by the majority of the respondents in variety
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of ways, granting student motivation is an important issue to deal with for the use of
educational robots as well as for learning outcomes. Programming physical robots may
lead to distinct challenges beside programming on virtual environments. However,
respondents are adapted to situation of facing errors from robots during robotic
activities which sometimes wanted by some respondents to create additional learning
opportunities for students. Learning opportunities for educators may arise from
failures but sometimes it may also prevent novice students to attain fundamental skills
from the use educational robots. Most of educators regarded algorithmic thinking as
one of the fundamental skills for the use of educational robots [81]. For the attainment

of such skills, ease of use of robots plays a significant role, as one respondent put it:

“Here we conduct production-aimed education. That will support these and make
interfaces easier. Children won’t be scared when they first see it. The interfaces should
be easy so that they can learn the algorithm rationale first and then work on it. They
can learn new things later. Of course we can go forward in one way or another with
robots that do not create any problems but when we have frequent problems, we can’t
progress easily. There are almost no robots that do not create any problems, we have

problems in almost all of them.”(R12 — on complexity of programming interfaces)

Providing programming interfaces that have the minimal and straightforward
appearance to attract students instead of giving complex and challenging impressions
is an essential aspect for the respondent. Giving the impression of ease of use might
be a motivating aspect for students to overcome their drawbacks upon robot
programming which can be provided by reducing the sophisticated view of the
components on the user interface and may provide faster learning of programming
concepts. Using physical robots to attain learning outcomes is causing challenges for
programming because in real-world environments there can be design based problems
robot’s performance which may require slight arrangements in programme code such
as, mechanisms of the robot, friction between moving parts and so on [82]. As another
respondent, commenting on this issue with additional programming interface-based
difficulties, said:

(13

.. and the child has to calculate this: for example, in the tournament the child

completes the tasks in her robot on the table successfully but when she goes there,
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even if she applies a bit of extra pressue when pressing on the start button, the robot
maybe starts a millisecond late. The child has to go through this because she writes
the code taking into account all the possibilities and risks. This is not different from
the real life. You can come across different risks in life at any time and it teaches them
this. But somethimes we face software-related problems, which we can say are the
most challenging ones: the problems with the software interface. It is important for
the children to use user-friendly interfaces; also it takes time for them to understand
programming and when they also have problems with the interface, it becomes even
more difficult.” (R11 — on user error on lack of user-friendly interfaces)

Giving a start to the robot by executing programme code have various options
provided by the commercially available robotic construction kit which is used by the
respondent. Either programme code can be executed by pressing buttons or giving
commands from the programming interface via wireless communication, or it can be
executed by a programming code itself by using sensors or other commands depending
on the programming skills of the user. However, while showing similarities with some
respondent’s comments on this issue, students are preferred to execute the
programming code with physical interaction by pressing buttons which may cause
misalignment of robot’s starting position and ends with the unwanted outcome.
Misalignment caused by pushing buttons is related with the force that have been used
by students as well as robot’s overall weight. Because of new context of learning
programming with educational robots, students are learning new concepts that are
distant to their prior experiences which creates a further challenge for students. To
support students for in their new learning context, providing ease of use for physical
interfaces also, from the respondent’s statement; user-friendly programming interfaces

may reduce the affordances of the educators and students.

4.3.2.3 Learnability and Understandability

Learnability and understandability modalities directly and allusively referred by
respondents to address educational robot’s physical components and programming
interface. Understandability has a variety of aspects for respondents, using simplified
language to define programming concepts to students in the programming interface is
crucial to saving from affordances lost during the robotic activity. According to

diverse users around the world translations of programming, commands can be
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confusing and lose meaning when translated into another language [83]. By pointing
out this issue, as one respondent said:

“There is this matter in the interaction interface of the robots, it is similar to how
children have a hard time when the interfaces they use have English words. They end
up having a hard time using the program, however when using coding softwares
Turkish equilavant of words become absurd and while child tries to corelate concepts,
his own basis for language is very different from context of English which can cause
problems. Alongside words and keywords, what | could want for these interfaces is
understandability and usability.” (R13 — on software learnability and language-based

problems)

Language-based problems are mostly experienced in elementary school level as
mentioned by another respondent on elementary school student’s abilities on
programming; they are novices at reading and writing abilities even in their native
language. On the use of programming interface, students use different language than
their native one to create programme codes. Thus, for the better understanding of
students, translation of the programming terminology to student’s native language
should be made carefully to not to create false relations about concepts in the student’s
mind. Without any professional support, the definition of given programming concept
by the educator may be irrelevant from the original one or lose meaning. From the
viewpoint of the respondent’s use of language is an essential aspect for learnability of
programming interface of robots. Programming interface complexity by covering
icons and texts, is also equally important to teach students efficiently about

programming concepts [83]. As one respondent said:

“People who create these software training programs know software and imagine their
audience to be able to conceptualize as people who know topics. This is while for
people who don’t know software imagining concepts is a really hard task to do, there
is a difference in teaching someone with knowledge grounds for a creation and
someone who doesn’t have any idea about these topics. This is where I think the
biggest problem of these training softwares is...”(R11- on learning how to use the

software)
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Criticism of the respondent has been given to a locally produced robotic construction
kit which is currently in development. According to the statement, programming
interface should be designed to support users who are unfamiliar and without
experience with the concepts of programming. As users, students and educators,
programming interfaces for educational robots should have understandable
identifications of programming commands which are designed to suit users without an
engineering background. Adjusting the intensity of the given information according to
user’s knowledge level may provide ease of use of programming interface while
enabling progressive advancement through learning activities. Easy to learn
programming interface is crucial for students and educators to manage robotic
activities regarding time. Because of the loss of time generated by the lack of
understandability of a programming interface creates barriers to meaningful learning
of students as well as educator’s motivation. To empower student’s understanding of
computational thinking concepts and for the transition of the use of educational robots,
use of same programming interface which is previously experienced by students is

preferred by some respondents [84]. As one respondent said:

“When we look at Code.org, it gives applied training books to instructors while its’
content is free and works online without any need for installation. It also allows the
instructor to open his account and track students easily which makes this a successful
first step for training. The visual basis of this makes it easy for us during the transfer
to robotics. When you have to start working on a completely stranger interface waste
of time becomes a concern which is why scratch data interfaces makes more sense for

the first step.” (R14 — on software and compatibility)

The respondent prefers non-profit educational platforms such as, (https://code.orq)

that support educators in various ways by providing advantages on the track of student
progressions, releasing the burden of installing software and offering learning
activities for teaching computational concepts. Transition to use of educational robots
benefits from the prior experiences of the students with programming concepts which
they have learned earlier by using drag and drop based programming interfaces.
Regarding time limitations spared for robotic activities in the school environment,

using familiar programming interface parries the adaptation phase of students and
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saves time. Despite learnability and understandability issues of programming
interfaces of educational robots, students and educators may also need time to
understand and be able to manipulate physical components of the robots.
Understanding how sensors work was a learning-based challenge for students which
is mentioned by the respondents. Teaching students about how sensors work and doing
projects by using sensors may create additional challenges for students learning [85].

As one respondent put it:

“It was not such a big problem to find its plus or minus or to see if there are any, we
only needed to look loser. At the beginning we have problems; for example, for some
two legged sensors we know its plus and minus but with four-legged and five-legged
sensora we have to look up from the internet to see which legs are positive and which
ones are negative and what the other legs do. In some cases, for example it says it is a

heat sensor.” (R07 — on learning components)

When compared to building robots from construction Kits, building robots from
scratch as more challenging for students because designing robots without using
ready-made compatible parts require more problem-solving and content knowledge
on robotics. The connection of the electronic components such as, sensor pins, requires
knowledge about how sensors work and how should be connected through pins
accurately to correctly work, which may also require additional research and tutorial
watching for the use. Building robots from scratch are offering more learning
opportunities but require more affordance to conduct robotic activities.
Understandability of sensors and other components by merely touching or examining
is not helping novice users about how to use them or connect them. Additional efforts
must have done on the internet or another platform of research to access datasheet how
to make things right. Some respondents choosing to watch tutorials while others are
obtained information of explanatory materials from other resources such as few
electronic component providers put datasheets with on-sale components in their web-
based sale platforms. Supporting educators with learning materials and provide easy
access to another kind of resources such as sensor datasheets is a critical issue because
in learning environments they should reflect on the educator’s needs according to their

goals in learning. To support educators, provided learning materials should be easy to
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understand and learn both for students and educators [86]. As one respondent

commented on this issue, said:

“As | mentioned, the visuals not being very clear influences them (students) and
makes it hard for them to find the right piece. There are times that pieces look a lot
like each other and when in the software it doesn’t look clear, it makes it confusing

and hard for students to identify.”(R09 — on provided design manual)

Designing robots through design manual require explicit recognition between
components from students. However, representative images of the shown components
are sometimes confused because some of them showing similarities regarding
appearance. The distinction was made with colours and geometry of the components
helps students to locate wanted part within the robotic construction kit but, having too
many pieces like puzzles consumes time while searching. Design manuals are stated
by the respondent as not having clear comprehension for building robots. Likewise,
within the robotic construction kit, some components are commonly confused by the
students during the building process. Design manuals which are provided by
educational robotics producers are to support educators in their learning activities,
however; sometimes it is sometimes desired it is not found beneficial and mentioned
by some respondents as limiting student’s creativity. Nevertheless, design manuals are
beneficial to improvise familiarity for novice users, and they can be remixed with
students’ ideas on robot design to lead unique solutions. Using robotic construction
Kits instead of built-in robots have a higher learning curve because they may have
numerous tiny parts, connection elements and electronic components to provide
freedom to users to allow unique creations [87]. Regarding time spent to attain

familiarity on a robotic construction kit, as one respondent said:

“This is completely related to time spenditure by the student. | had the same problem
becayse when | bought my first robotic set, it took me three hours to create the first
robot, I didn’t know the components. For example, right now if it is not really
complicated we can assemble a robot in 45 to 50 minutes, it has become a hand skill,
the more you do the more you own the processes. It wasn’t a problem with the set we

bought...” (R0O4- on getting familiar with the system)
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Some of the respondents linked the learnability and understandability issues of
educational robotics with time-spent to get familiar with provided construction parts
and electronic components. However, designing an educational robot and expecting
adaptation from educators and students or any other users is inappropriate to design
user-centred products (Hartson & Pyla, 2012). Respondent’s experience with the
mentioned educational robot is two (2) years, and they are preferred to design robots
from design manuals which are provided by the purchased robot’s company. The
respondent notes progression as, on the first use of robotic construction kit while it
took three (3) hours to build one robot, later on with attained familiarity to mechanisms
and others, the building time reduced around two (2) hours. However, to support
educators for their use of educational robots, time consideration is a crucial aspect in
and out-of-school robotic activities. By covering all aspects that mentioned by the
respondents, educational robots that are easy to learn are promoting learning
opportunities by reducing the time required for users to adapt and build robots.

4.3.3 Likeability

Along with the goal-oriented use of educational robotics to attain cognitive and meta-
cognitive skills, likeability of educational robotics is an important aspect of sustaining
the use of educational robots in learning environments by providing aesthetically
pleasing designs to address both students and educators. Likeability term is used to
address attractiveness and visual appeal of an educational robot by considering various
aspects such as, colour, shape, size, appealingness of design manuals, and materials
that used for the components. From the perspective of the users, likeability has a direct
influence on the perceived usability of a product or system which seems crucial for
the integration of the technologies such as, educational robotics in learning
environments (Sonderegger & Sauer, 2010). Likeability aspects mostly derived from
the prior experiences of the respondents and the media shown in the interview. In line
with their subjective views on the attractiveness of an educational robot, respondents
also remarked the likeability aspects of educational robotics for students too [88]. As

one respondent said:
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“By its’ appearance I think it could be a set impressive as “LEGO”. There are no
colors available here, I’'m picking on colors again, but it is important for children.”

(RO2 — on likeability regarding colour choice of design )

According to the comment of the respondent on a single coloured robotic construction
kit, the physical appearance of the robotic construction kit seemed to be failed to give
an impression of a useful educational tool. As a cause for not being a useful learning
tool, respondent remarked that customisation of robot’s design by students as an
essential aspect which may affect the use of colours on components. Students may
want to design their robots with their favourite colours or add a non-functional
accessory to create aesthetic values on their designs. Due to the respondent, student
engagement on customisation or building robots is deeply related to the use of colours
and their choice of colours on components. Student’s choice of colour and preferences
on components within the robotic construction kit are associated with their personal
interests and characters [89]. Highlighting the interrelation between student’s personal
interest and likeability and reflections of these aspects on the student behaviours in a

robotic activity, as one respondent put it:

“It is about habits, one might like wheels and somebody else might like things that
cover their head. As these are indivual factors, personal preferences become more
important. Even colors can be important, kids might ask from the beginning that they

want a piece which is red.” (R01 — on likeability aspects of robots)

Selection of materials and collaboration in teams while working on a robotic project,
students are making decisions on which parts they want to build based on components
attractiveness. Personal interests of students are reflecting their robotic activity as,
selecting components with specific colours and features such as mechanism or wheels.
Offering colour choices to students seemed like an important aspect to attain student
interest in using educational robotics in learning environments. However, colours may
be used as an indicator of specific features to create a distinction between components,
and usually, robotic construction Kits include a limited number of components. So in
large groups of students, students who are attached and insisting on the use of one
specific colour to build a robot may generate barriers for the educators to provide

enough materials for all students.
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4.3.3.1 Visual Appeal

Just as how visually appealing products have effects on perceived usability of a
product. Additionally, design manuals also evoke emotions of students and educators
on the difficulty level of presented robot design. These emotions may create positive
starting boost for a robotic activity however it has some drawbacks if the design
manual is not transparently communicating with users. Design manuals provide design
examples to create robot designs from a scheme which sometimes might deceive
students and educators about the difficulties of the robot design. Difficulties faced
during the building phase of the robot may lead unwanted outcomes such as, losing
students who participated and excited for the robotic activity [90]. Commenting on

this issue, one respondent said:

“| first asked our students what to do since they were bored of making cars. Then |
used a source with Lego designs and discussed a design | chose with students to see
if they are interested. The students got excited as the appearance was different. They
decided to start the project for because of its’ interesting appearance, but then those
who had a hard time in making it separated from their groups.” (R01 —on visual appeal

of robot from a design manual)

According to the statement, respondent considered the past robotic activities with
students and realised their boredom on building car-like robots then tried to select a
different model than before which may seem like a visually appealing robot design for
students. From the design manual, (in this case, | do not know if it is hardcopy or
digital) robot design attracted students to build the robot and gain competencies that
respondent planned to provide. However, the thrill that evokes from the attractive
robot design that is offered was not enough to maintain student motivation; it was
temporary. Moreover, design directions given from the design manual are not clear
and caused students to ignore big picture while building a robot. To maintain student
motivation using educational robots in learning environments is mostly dependent on
educator’s pedagogic approach and role in the robotic activity, at the same time,
educational robots may only support educators to realise their ideas. Supporting
educators with educational robots contribute to student’s learning experience in

various ways. As a free to touch a physical artefact in a learning environment,
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educational robotics open pathways for educators to balance between instruction and
fun. Some educators have remarked the fun aspects of robots, and some of them linked
the fun aspect of robots with the physical appearance of the robot design [91]. As one

respondent put it:

“External design of the robot should be appealing to them, at least | think so since robots that
look like cars get students bored. They expect robots to be looking good and be attractive to

buy. ”” (R15-on visual appeal)

By a majority of the respondents, fun aspect of robots keeps students active during
robotic activities and prevent the boredom of students by offering ongoing
engagement through activity hours. The decision mechanism to purchase educational
robotics for students is not based entirely on students view because they are not adults
with financial income. However, student view on the purchase or making of an
educational robot is vital for their better engagement in robotic activities. Regarding
different age groups in education, educational robots which are found visually
appealing to students may generate positive effects in learning on different as groups
[92], [93]. As one respondent said:

“l think the face of the robot looks a bit cold, the color versions look much more
attractive in terms of use in training. For example, female students usually stay far, a
good appearance could raise interest for them as it could seem more sympathic and

warm.” (R03 — commenting on mBOT)

“Honeslty, this is the first time | see this robot, similar to how it looks in the
photograph it seems like it can attract little children. I think this robot does a good job
in attracting and keeping the interest of children. For example you can give mBOT to
preschool students or ROBOTIS. What | mean is that | like the approach of
introducing software and its’ capabilities in this robot, it is possible to start small and

develop a basis.” (P04 — commenting on Romibo)

Teaching programming to elementary school level students is have unique challenges
because they are not familiar with mathematical concepts as other levels do. The
complexity of a design system may generate various interaction possibilities.
However, students are interacting with educational robots based on the educator’s

teaching goals and educational robot’s flexibility and allowance on the use of
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components. Robot’s morphology is one of the most useful aspects of likeability on
first sight, in this case, a social robot which interacts with users differently than others
such as, using language and conversation and have a cute fluffy animal-like
appearance which also attracts students for further interaction such as, touch.
According to the statement, using similar robots in elementary school to aid educators
in teaching programming for novice students can be useful, and the appearance of a
robot is playing the dominant role to raise student’s interest [94]. Commenting on
likeability and its effect on the interaction between student and robot, another

respondent said:

“Regarding OZOBOT, it is highly interactive for children because it has visuals. |
think young groups make good interactions with this robot but are limited in things
they can do. The robot offers color selection and games inside itself, I think it finishes

after a while since children have a way of consuming a game.” (R02 — on boredom

caused by lack of variation and appealingness)

Educational robots with minimalistic appearance such as having a single body,
perceived by some of the respondents as having fewer capabilities when compared
with robots with complex appearances such as robots with no component casings and
exposed wires. While remarked built-in robot found beneficial and appropriate to
attract students for programming activities, respondent does not find the built-in robot
useful for long-term interaction with students because of its non-customizable and
non-flexible components. Respondents generally perceive built-in robots as non-
flexible and restrictive for a wide range of robotic activities which are usually
preferred to use for inexperienced robot users such as, elementary school level students
or below because of the simplicity of tasks and robot design. Adaptation of robot’s
design to specific age groups all along elementary school to high-school may require
changes in robot’s physical appearance to address students with different interests. For
some respondents, visual appeal of an educational robot plays a vital role to address

students in different education levels [95]. As one respondent put it:

“Designs of the robotic systems are commonly look like too industrial or too cute there
is no appearance option between these two. Even when we consider their forms they

can give an impression of a toy. Considering robots for education, they can be
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designed in a way to give an impression between toy-like serious designs.” (R10 —

on physical appereance and programming language preference)

The physical appearance of educational robots also gives clues about which age group
it refers for educators. The toy-like appearance of robots is seemed to be appropriate
for younger students below high-school level while more machine-like, serious
looking educational robots are perceived as more appropriate for high-school level
students. According to the statement, respondent exposes their needs by considering
student’s attraction on robot’s physical appearance; there is a need to keep a balance
between toy-like and machine-like robot appearance. Adaptation regarding physical
aspects of robot design, such as, colour, material, and size affect the likeability of the
targeted age-group interest and engagement in robotic activities which highlights the
importance of likeability of educational robots for the learning experience.

4.3.4 Maintainability

Maintainability term referred to identify educational robots, maintenance including
repairing of robots by providers or users themselves and accommodation of
components. Maintainability of educational robots is another crucial aspect for overall
robot design while this aspect already provided by the companies, except built-in
robots’ students, may also show additional effort on their robot design to provide
maintainability for their robots, for instance, replacing a low battery during the

competition.

Educational robots are used by few educators when we compared to a number of
students who interact with them. Therefore, when we consider the use scenarios of
students between ages of 7 to 17, it can be unpredictable and if an educational robot is
not durable enough for the use of children it may require more maintenance than other
products or it can not work at all. Moreover, sending broken robots to technical service
may cost time and prevent robotic activities for a considerable time length which is
not a wanted situation for most of the respondents because educators always have
limited time to conduct such activities [96]. Commenting on the maintainability issues

of educational robots, one respondent stated that:

“Here, child can learn the basics laws of motions (in physics), but this doesn’t become

a long-term work. Additionally, they use digital which can transfer data and this pump
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up the prices when maintanence is needed while the possibility of them getting broken
is high. Since we are using these robots in school, more rigid designs are required and

ones that we can fix ourselves.” (R14 — on durable and replaceable components)

Because of the high cost of educational robots, most of the respondents are showing
additional care and provide additional instruction for students to keep robots secure to
extend educational robot’s lifetime for other students. Sometimes students can be
reckless when interacting with robots and give damage to components so, regarding
various harming situations for educational robots in learning environments, producers
may provide instructions or make it easy for personal maintenance by the user
themselves. Regarding consumer electronics, most of the damaged products are
replaced instead of repaired which is also acceptable for educational robot’s
components, such as, microcontrollers, sensors and other electronically sensitive parts.
However, construction parts or body parts of educational robots when damaged or
broken may lose their functionality in that case replacement of parts or another

solution may be required [97]. As one respondent said:

“Some problem happens regarding the robot, for example a component gets broken
from a simple part of it and when it becomes hard to find it or we lack budget for it,
we immidietly change the topic there. Imagine, we change the training because they
don’t change the robot and we can’t find components.” (R10 — on changing activity

plans according to avaiable components)

Not having additional fabrication potential except low-fidelity prototyping methods in
learning environments such as 3D printers and laser cutters, may bring additional
challenges for maintainability of the used educational robot. Replacement of body
parts of robots can be difficult for educators in a short period because of the time
required for shipping from the producers. To solve faced problems during the robotic
activities due to broken components, respondent uses a strategy as changing the task
given to students by discarding the requirement of using a specific component/s; in
this case, the broken was discarded from the use in the robotic activity task for
students. The viability of educational robotics components, for instance, body parts
from diverse materials, electronics, and connection parts is often stated by the

respondents as a locally problematic issue. Besides, robot design that made by students
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and educators also should be designed by considering maintenance to enable
replacement of batteries and making changes on robot design due to faced problems

[98]. As one respondent commented on this issue, said:

“For it to be strong and stable, we tell them that it needs to be in form of a rectangular
prisms. Cables need to be organized, they should be gathered in a way that doesn’t get
caught around and be stabilized in its’ place. Batteries need to be replacable,
accessible in design, this is something we think about. We pay attention to the remot
being directed towards us, it is important in “Lego”. We assemble the wheel according
to the panel, we use wide wheels, to cover more area in smaller amount of time. We
arrange the front wheels in a way that prevents undesired movements.” (R02- on the
student design of robots and maintainability of designed robots)

According to the statement, just as the designers who thought about the maintainability
of a product that is sold on the market, students are designing their robots to allow
ease of maintenance and adaptable to changes on the main design. Constraints when
designing the robot was given by the respondent to guide students for suitable robot
design for the robotic competition. There are many aforementioned challenges of
robotic competitions, one of them is the replacement of batteries during the
competition the battery level effects the overall performance of the designed robot
which may result in unwanted behaviours from the robot. Thus, from the view of the
respondent, designing robots to allow ease of assembly and disassembly is important
for students to keep in mind for further improvement of robot design and granting
success in robotic competitions. The battery is almost most remarked problematic
issue for educational robotics, including energy consumption and other issues caused
by the high-level energy consumption of robots such as replacement of batteries both

rechargeable and non-rechargeable [99]. As another respondent put it:

“After design phase, usually the problem we face is that robots energy can finish really
fast. We are continuously changing battereies, this is the biggest problem, when the
battery finishes the work gets half done and become meaningless.” (R15 — on

replacement problem of batteries)

During the robotic activities, custom designed robot by the collaboration between the
respondent and students has high-level energy consumption which can depend on
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various factors from optimisation of programme code to used motors in the system.
However, designing robots from scratch may bring additional challenges for the
robotic activity. Unlike well-optimised components for energy consumption of robotic
construction Kits that serves for direct use of students and educators, students are free
to purchase several motors, sensors and microcontrollers from different producers who
may bring additional technical challenges while building robots from scratch. For
educators with limited time spared to robotic activities building robots from scratch is
the long way to reach goals but in long-term, students gain more profound insights and

understanding of technical issues of robotics.

4.3.5 Reliability

Reliability term refers to effectiveness on the use by considering technical and
functional features of educational robotics that used in learning environments.
Educational robots as a relatively new learning tool in learning environments,
complexity of robot design may create uncertainty and chaos in robotic activities for
educators. The complexity of robot design or designing robots to fulfil tasks in
learning environments derives from the mixture of knowledge required from different
areas such as, mechanical engineering, computer science, physics and design which is
simplified to be appropriate for non-expert users. Students and educators often blame
themselves when they are failed to accomplish a goal in their mind by using
educational robotics. However, the interaction between the robot and the students is
weak regarding providing opportunities for further exploration of robotics without

external support from educators or experts from the field of robotics.

Regarding reliability aspects of educational robotics, the effectiveness of educational
robots is interrelated with the prior knowledge of the user amongst the disciplines in
robotics to design a functional robot. Educational robots that are used below the
undergraduate level of education specifically designed to make things easier for the
use of inexperienced users. However, they may face various challenges to fulfil their
expectations in the light of educator’s goals on learning activity or to design a robotic
project to provide learning goals. Some of the respondents stated their frustrations on
reliability issues about battery when using educational robots [100], [101]. As two
different respondents commenting on the same issue, said:
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“While ineracting with the ronot they first write the program. The design of the robot
can be reversed or straight according to thus. They sometimes can place the robot
reverse and command as if it is straight, which causes them problems sometimes.
While programming children might use the robot with a low battery and get a result,

the same program can give a really different result with a full battery.” (R02- on

mismatch between users input and robots output)

“Qur biggest problem is battery usage, for the battery being usable for one hour, two
hours or just a minute makes huge difference. These are problems that are not being
optimally addressed and we are having too many problems. For example, in
competitions, whenever there is a surge in battery or change of functioning, robot can
malfunction and cause problem or do nothing at all.” (R12 — on functional

properties of robots)

Errors that have been made while programming such as, putting wrong inputs and
outputs in the programming code may cause false expectations on the actions of the
robot to do the desired task and may end up with frustrations. Some of the educational
robots are not some purchase and directly use end products such as, televisions or
computers it is desired to create challenges for learning outcomes that lead students
for debugging activities to attain them various experiences on robotics. However, a
step by step debugging of programme code or checking the connections and assembly
between components is not offered as a strict guideline such as curriculums and
improved with experience or by the guidance of more experienced users such as,
educators and open-source communities. The performance of the educational robot is
also affected by the battery level and may create different outcomes on low and high
battery levels as stated by the respondent. Reliability on programme code is related to
various factors such as battery level, environment, and physical aspects on robot’s
design. Respondent stated the battery-based problems caused to a mismatch between
the desired action of the robot and the programming code as a problem and may desire
a robot which can act same while the battery is fully depleted. Besides battery-based
effects on robot’s behaviour, students may also affect the action of robots while
pushing starting buttons and cause small displacements from the starting point [102].

As one respondent said:
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“Robot works really well here, we go there and when their power source gets affected
their starting mode gets influenced or it doesn’t start from the line. Even tiniest amount
of disturbance can prevent the robot from reaching its’ goal. In the meanwhile,
children learn how to deal with these emotions.” (R11 — on executing the robots

program)

Students can be hasty and to provide an excellent collaboration between student teams
as aforementioned earlier in a student at benefits of educational robots, educators may
assign specific roles to students in robotic activities such as starting up the robot’s
programme code manually by pressing buttons. Usually starting point of robots that
used in learning environments is important because they are not fully autonomous
systems to adjust themselves. Student’s one pushing touch on the robot may cause
undesired effects on robot’s expected action. Moreover, as educators, respondents are
having unexpected outcomes caused by the environmental changes such as, light
intensity, while using an educational robot which is tested and approved for the desired

action [103]. As one respondent put it:

“Before students come, you arrange the robots to every bit of it but then during class
you face problems, this affects both students and the educator. For example, when I’'m
working with color sensors the environmental light itself can affect it or reflections.”
(RO9- on ways of starting programme code and sensor reliability)

Use environment of educational robots is a significant issue to consider because the
real-world environment is everchanging and providing a stable laboratory
environment for physical robots might demand space and additional cost for most of
the learning environments. As new learners, students are not capable of creating
advanced programmes as well as educators because advance programming skills may
require specific content knowledge on robotics and effort which may not be feasible
for most of the educators regarding required time to build skills. Thus, supporting
educators on the use of educational robots by providing ease of use on programming
interface and offering open-source solutions to commonly faced problems may elevate
their skills to create advanced solutions in learning context with less effort on learning
advanced programming. Some respondents are using virtual environments to ignore

environmental effects on physical robot programming to advance on teaching
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programming concepts to students by saving time from happening errors and
debugging during the robotic activity. However, while using same programme codes
in the real-world environment, there can be slight changes in the programming code
to adjust robot behaviour to its environment [104]. As one respondent commenting on

these issues, said:

“Children want to see results of the program they have written, but sometimes we tell
them its’ not possible or the robot doesn’t work as expected. For example, in O-bot
they ask you to rotate the robot 360 degrees, the kid decides to rotate the robot four
times 90degrees in a minute but it doesn’t become complete 90 degrees because there
can be various complcations. Lookin a these deviations, robot doesn’t reach where it
should, these can compare to a lot of topics in the real world.” (R11 — on test of tasks

between virtual vs real world)

Values that have been used in the programme the robot is crucial for students to make
calculations or predictions about how the robot is going to behave and act. According
to the statement, respondent had some difficulties which are caused by the simulation
software and programming language about adjusting values for robot’s motor control
such as, activation of a motor for the desired period. The conversation of given
numeric values to another for motor control is causing non-desired actions for the
robot, and the respondent stated that it might because of the not accurate calculation
of the software. Assigned values were changing from second to minutes on the used
programming software, and it confuses both respondent and students during the
robotic activity. In addition, mismatch of the programme code in virtual environment
and physical one is not aiding knowledge-based mistakes of the users by providing
appropriate feedback or an advice to reconsider the differences between real and
virtual world. Programming interface and physical components of robots’ act as two
different aspects of educational robotics for interaction, making connections between
two and provide appropriate feedback to enhance learning experience is remarked as
an important issue by respondents. Compatibility of educational robot with different
programming languages and components is another aspect for reliable use of
educational robots for diverse learning environments [105]. Remarking this issue, as

one respondent said:

171



“Not every robot is usable for every project, this kind of a robot doesn’t exist and its’
not expected either. The most repeating problem | have had is that we can have
difficulty in relation between the interface and the robots, robots don’t really work
coordinated with normal programming interfaces...” (R12 —on mismatch between

interface and robots)

According to the statement, use of educational robots with different programming
interfaces may generate compatibility problems during the robotic activities. Problems
that derived from the incompatibility between the owned robot and programming
language may negatively affect the flow of the learning activity by causing frustrations
and uncertainty for both students and educators. Use of different programming
interfaces on robots is crucial to support educators for enabling them to address diverse
applications with educational robots and conduct various projects to offer rich learning
experiences for students. Also, compatibility of an educational robot may offer
freedom of component and appropriate programming interface choice for educators
who work on different levels in education. Majority of the statements did not cover
the reliability problems in detail; anyhow they might lead to insights on mistakes made

or frustrations while using educational robotics based on the user’s perspective.

4.3.6 Durability

Durability term refers to the physical durability of overall educational robots and
components that been and will be used in learning environments. Educational robots
in schools and out of school environments such as, robotic summer schools and
workshops are used by numerous students and educators which may wear down the
components and construction materials if they are reusable. Thus, alongside with the
maintainability aspects such as, maintenance, the durability of educational robots is
remarked as an essential aspect for sustaining the robot itself to enable wider audience
of students to use them in learning activities. More durable the educational robots may
create less demand for maintenance and replacement of components. Commonly
electronics which take place in robotic construction kits or components that purchased
such as, sensors and motors, perceived as fragile and sensitive products from the
viewpoint of the respondents. Some commercially available educational robots are

designed by considering the usage scenarios for students who can damage, throw or
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harm the components and create durable components. However, educators who build
robots from scratch may not be able to provide durable components just as
commercially available products because most of the components they attained does
not have protective casings or durable shells to provide more freedom which are also
used by professionals [106]. Commenting on the durability aspects of a commercially

available robotic construction kit’s durability, one respondent said:

“What Highschool students do under the name of workshop session in four hours, can
turn into much better work in six. When middle school students enjoy using robot
components it becomes sensitive. We don’t have a problem with our Robotis sets,
even when the processor board drops on the ground which it does as the students do
throw it, or they decide to fight with the robots on the ground. Which is why | decided
to not use it myself, not to have such problems.” (R0O4 — on age based concerns to

damage robotic platform)

Students often want to play with their designed educational robots in various ways so,
the durability of the components and robot’s overall design is become important to
endure diverse situations caused by students. Respondent stated that the currently used
construction kit is durable enough to endure falling to the ground and play activities
of the students but also highlighted that it is risky. The material of the educational
robots plays a significant role to imply durability of the product to users. Moreover,
for a long-term use of educational robots and their components, durability of parts is
essential. However, it may not be possible in learning environments with lots of
students who are curious, discovering and experimenting about almost anything, for
instance, students may want to see how durable the parts are or for black-box
components they might want to see what is inside of the component and open by
breaking it. For some respondents, sensitive components such as sensors and other
electronics are not durable for students when exposed or provided the freedom of
soldering [107]. By considering electronic components and durability, another
respondent said:

“We are really scared of electric circuit components getting harmed because just as
we are doing the circuit some elements come off, break or malfunctions. When these

happen, we try to cover it for the students at the end of the sessions or during the next
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classes, but the student needs to get the training during that session.” (R07 — on the

durability of electronic components)

Considering building robots from scratch, students without prior experience with
electronic components may not be aware of the sensitivity and fragility of them so,
because of the nature of being a child, they can act recklessly without warnings of the
educator or experience of their own by damaging or breaking a component. While
building robots from scratch or learning electronics students learning by mistakes and
those mistakes can be transformed into learning opportunities by educators. So,
according to the rarity of the sensors or microcontrollers that have been used, backup
supply might be needed which can increase the cost of robotic activities for the
institutions. To avoid such instances, educators play a vital role to instruct students on
fundamentals of electronics and may demonstrate the commonly faced failures while
conducting robotic activities.

4.3.7 Safety

Safety of educational robotics is covering large are when we consider the physical
interaction between autonomous robots and humans. However, the term safety which
is used in here is considering the use of tools to create high and low fidelity prototypes
and possible injuries that may happen based on the use of educational robots.

Robotic construction kits may include a variety of different sized construction parts to
offer rich design variation to enable students to build a robot as they want.
Construction parts of the kit may assemble in various ways such as, by snapping
together or using nuts and bolts or many others. Usually, most of the robotic
construction Kits do not require additional tools to assemble to provide ease of use in
various contexts but sometimes assembled parts may require aiding tools to remove

connected parts in avoiding minor injuries [108]. As one respondent said:

“Since | work with young children I get concerned. Accidents such as swallowing the
components doesn’t happen but sometimes while separating small pieces from
eachother they don’t use separator. They use their hand and as their hand are small,
their nails get in the middle of the pieces. If the components were slightly larger, these
wouldn’t happen but these are completely relevant to the students age groups in terms

of to what extend they harm themselves.” (R04 — on safety concerns
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Respondent remarked the safety issues based on minor injuries on the use of robotic
construction kit but also stated that after gaining enough experience on how to
assemble and disassemble parts of the robot, students are not hurting themselves.
Learnability of the robotic construction kit decreases the time required to be familiar
with robotic components regarding how parts are connected, and which ones have
physical constraints to only fit with specific parts. Hence, the more learnable the
educational robot, it may decrease the possible minor injuries caused during the
assembly of robot parts during the building phase of the robot. Besides using plug and
play based components of some robotic construction kits for learning activities, using
electronics which require soldering for the use which may also create possibilities for

injuries because of the hot part of the soldering iron [109]. As one respondent put it:

“Generally, children get concerned on how to connect some pieces and we give the
training like soldering the pieces. During the training however, since they don’t have
any experience with the materials they might burn themselves.” (R05 — on safety

issues of soldering)

According to statement goal of the respondent it to teach students about how to solder
electronic components and basics of wiring. However, as novice users with little or no
experience with tools like soldering iron, minor injuries happen. Respondent stated
that students are sometimes hesitating to use soldering iron because they are afraid of
getting hurt again. Because of safety concerns, most of the robotic construction Kits
are not using components which require soldering. Alongside with the possibility of
hurting themselves, proper ventilation in the learning environment is another thing to
consider because of the harmful gases released when soldering components. To attain
students with various skills from the use of educational robots respondents following
diverse strategies based on their goals and their choice of robotic activity shapes
according to their pedagogical approach. Some of them believe that use of real-life
tools (screwdriver, wrench, soldering iron and more) is more beneficial for students
while some of them focus on programming skills rather than building robots [110].
Commenting on the safety issues considering soldering and other tools to create

models, one respondent said:
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“Children don’t want to solder electronic components, you can do it with middle
school children but since personaly safe envrionments and personal safety measures
are not available, it is better not to do it. There was a set which children would learn
electronic components and their roles and connect them with magnets. They would
teach how to make circuits but students could only make the available designs,
developing more projects or researching wouldn’t be possible because of the default

templates.” (R10 — on soldering issues and learning electronics)

Due to the comments of the respondent, let students solder components and use of
hazardous materials for their robot designs which are used in industrial settings is not
recommended for robotic activities because of the safety concerns. Moreover, in the
robotic activity safety precautions are required while students are designing their
robotic projects by using various modelling tools these precautions are predominantly
dependent on the educator’s attitude such as instructing the student on how to use razor
cutters and hot glue guns before making models. With sufficient financial support from
institutions, educators may provide diverse workshop materials for robotic activities
to empower student projects which are also may encourage students for creative

solutions for the overall robotic activity.

All in all, according to comments of the respondents, safety issues regarding
educational robotics are mostly dependent on student’s experience on electronics and
design tools with external issues considering learning environment which can be
examined under the two folds: firstly, taking safety precautions by considering
environment which takes place for the robotic activity and secondly, for the use design
tools to create models including surrounding objects around the robot and robot itself.
Safety precautions can make for the environment by providing suitable space to work
which also includes first-aid equipment. Tools for modelling and soldering can select
by educators according to age-groups of students by providing them age-appropriate
materials and tools that specially designed for the use of children. The classroom is
not seemed to have suitable physical space to work on robotic projects additionally,
not corresponding safety considerations of the respondents.
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4.4 Discussion of the Findings

4.4.1 Discussions on Benefits of Educational Robots

The vast majority of the results outcome on the benefits of robots are based on PBL
robotic activities. PBL approach of using robots provides a suitable ground for the
development of 21st-century skills by encapsulating technical challenges that require
diverse thinking skills, social interaction, and use of a variety of tools to solve real-life
problems (Stephanie Bell, 2010). Since robotic activities are occurring as an indirect
transfer of knowledge and mostly based on self-directed learning of students.
Exploration of unknown territories of multi-facet knowledge is providing rich learning

opportunities for students to develop a variety of skill sets.

Diverse student age groups from kindergarten to the high-school level required to
develop different skills than each other. Different levels of education have their
constraints based on knowledge and skills due to the developmental needs of the
students. Thus, STEM-related robotic activities adjusted by experts to fit specific age-
group needs and interests to motivate to continue learning activities by designing
robots. Regarding different education levels, from kindergarten to 5th-grade robots
used for engaging interest in robotic activities by tangible programming, direct control
(remote control) of robots while above 5th grade participating to competitions and
developing skills become a priority (Barker, Nugent, Grandgenett, & Adamchuk,
2012). Critical thinking, problem-solving, and communication skills are highly

observed acquisitions when using robots for educational purposes.

The diversity of tools to work with robots develop student’s cognitive skills by
providing ill-structured real-life problems to solve. These tools may vary from
programming languages, real-life assembly tools such as, screwdrivers, bolts, nuts,
and digital manufacturing equipment that require 3D modelling skills by using CAD
(computer-aided modelling) programmes. Educator’s goals differed from each other
according to the type of robot they used for activities. Thus, educators who prefer to
build robots from scratch needed more manufacturing equipment when compared to a

pre-assembled robot or robotic construction kit user. Moreover, a multidisciplinary
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aspect of robots requires teamwork in order to overcome multifaceted challenges that
offered by programming, mechanical design and task-based analysis of robots.
Working on a robotic project requires technical background knowledge as well as
social interaction between teammates and other people such as mentors or experts
from various fields. Based on the theme of the robotic projects students may need to
get in contact with experts in doing interviews and collecting information from diverse
sources. Therefore, their social skills develop through interaction with their teammates

and other humans who may provide potential help.

Robots provide a variety of tools to work on both design, construction and programme
code to students; therefore, offers plentiful opportunities for innovative solutions.
Iterative nature of designing robots leads students to creative solutions through trial
and error and lessons learned from made mistakes. To overcome the frustration of
failure working in teams and social interaction between project members (including
mentors, facilitators and experts) may aid self-regulating strategies of students. In the
long term, self-control and self-criticism on occurred mistakes help students to
improve their self-regulation strategies to move on to project without external
motivating factors (Dweck, Walton, & Cohen, 2011). Results based on the benefits of
robots, commonly addressed the development of student self-confidence, participation

in other subjects and emotional control are also related to the previous studies.

Benefits of robots are widely taken into consideration to aid future career choices of
students and for the acquisition of 21st-century skill sets. In the previous studies,
student motivation is profoundly affected by the use of robots in the learning
activities to attract students to STEM-related career choices or subject as well as to
develop self-regulation strategies of students (Leonard et al., 2016; Lye et al., 2013).
Also, amongst the three roles of educational robots in a learning context, the robot’s
role as a learning tool and learning subject is most preferred by educators. However,
using robots as a learning subject is more commonly adopted role when compared to

using robots to teach subjects or science concepts in Turkey’s educational context.
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4.4.2 Discussions on Challenges of Using Educational Robots

Challenges of using educational robotics for learning purposes are based on the
context of use, stakeholders, and external factors such as affordability of robots,
institutional support and politics. Most of the robotic activities with learning outcomes
occur as out-of-school programmes, private workshops, and competitions. For the
implementation of robots as learning tools in school curriculums, challenges opposed
to the design of the educational robotics as a system and stakeholders involved in
learning environments. Regarding results related to the challenges of both educators
and students. Using robots for learning activities are required time investment for
planning activities, design and test of robots, and prepare classes or workshops from

educators.

Moreover, educators have some personal challenges because of using relevantly new
tool for teaching by adopting alternative instruction strategies when compared to
traditional ways of teaching through direct instruction. Personal challenges of
educators are matches with the findings of the previous studies that are investigated
educator-based challenges (Sullivan & Moriarty, 2009). Training of educators is
crucial for the acceptance of robots for learning activities in school settings. Training
of educators regarding programming, mechatronics and general knowledge
background on robotics field can make them more confident about using robots. Other
concerns that matched with the previous studies are based on lack of availability of
lesson materials and physical space provided by the school authorities (Mataric et al.,
2007).

Also, educators mentioned the student-based challenges as lack of familiarity with
robots, lack of design skills, and lack of teamworking abilities in school environments.
There are implications found on current difficulties of using robotic construction kits
in school environments regarding losing unique parts in the box and creativity
limitation caused by the provided lesson materials and design manuals. However, to
enable students to design unique robot ideas is related to educator’s expertise on robots
as well as to provide possible design advice in an open-minded way. Design skills of
students are supported by providing design manuals or open-source communities to

solve faced problems during the process. Considering the use of Lego Mindstorms in
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robotic activities, a student who is familiar with Lego parts are more easily adapted to
the design process of robots when assembling or disassembling the robot (Strautmann,
2011).

Also, robotic kits may limit student behaviours during the design process and prevent
their transformation of ideas into physical artefacts because of the physical constraints
of the parts that are contained in the kit. Possibilities to do with construction kit is
limited to physical constraints of the designed connectors, gears, beams and other
structural elements additionally with the provided compatible sensors and actuators.
Building robots from scratch leave the all design decisions to users by allowing the
use of a variety of construction materials, manufacturing techniques, and physical and
digital tools (Vandevelde & Vanderborght, 2013). However, building robots from
scratch requires much more time than designing robots by using construction kits. The
complexity of the design is also essential for the interaction of students with the
connection modules such as plugging/wiring sensor/actuator input and outputs
(Blikstein & Sipitakiat, 2011). The complicated and messy appearance of the micro-
computer board caused a bias towards building robots and students afraid to make
mistakes while plugging electronics.

Most of the respondent’s robotic projects are worked in student teams with educators
acting as mentors or facilitators. Used tools for robotic activities are computers,
robot’s programmable micro-computer, construction parts and other electronics such
as sensors and actuators. However, some schools may not have enough funding or
laboratories to provide one computer and robot for every student; thus, students with
the same interests become unable to work together. Previous studies provided
solutions to support educators during robotic activities to preserve their role as
facilitator or mentor of the project. Distributing students to teams according to their
role of interest is crucial to provide the useful division of labour and communication
between teammates (Bers et al., 2002). Otherwise, one student dominates the
computer (especially mouse and keyboard) and not allow others to work on the
programming code or construction materials to build the robot (Hourcade, 2007).

Other challenges stated by educators are depended on the external factors such as the
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availability of low-cost robotic platforms which is also a global challenge for the

implementation of robotics in learning settings.

4.4.3 Discussion on Design Requirements of Educational Robots

Extracting design requirements based on the educator’s needs is required an overall
understanding of the school environment, different age groups of students as users,
and other tools that are used in robotic activities. Shared use experiences of educators
with different brands of robotic construction kits and toy robots provided a general
understanding of the educator’s needs from robotic construction kits. In general,
school authorities are deciding which robot type to use in extra-curricular robotic
activities or for the preparation of robotic competitions. In schools with a small
number of budgets, educators prefer to use micro-board sets with a wide range of
options to balance the number of the kits with students. Therefore, building robots
with micro-boards and sensor Kits requires more technical knowledge than other
robotic construction kits because non-optimised sensors and actuators can be
unreliable even for a simple task like following a line. So, students required to solve
more technical problems and design unique mechanisms to externalise their ideas
which extends the time required for the robotic activities. Rapidly realising ideas is a
critical issue for constructionist learning activities to attain further knowledge through

feedback of educator and the physical artefact itself (Stager, 2005).

Educators choose robotic construction Kits as a learning tool to provide students with
a wide range of design possibilities and practical reasons for designing robots more
quickly than building robots from scratch. Moreover, designing robots without ready-
made compatible sensors, actuators and structural elements require more tools such as
3D printers, soldering irons, jumper wires and so forth. Thus, building robots from
scratch can be more expensive rather than using robotic construction kits. Most school
budgets are not high enough to purchase every newly released robot so, educators need
robots that can adapt their utilities, size, and complexity according to incremental
levels of education also to student age-groups. Age-appropriate design of robots is
vital to develop abilities based on physical and cognitive capabilities according to age-
group. Also, using one robot which can adapt to diverse age-groups by reducing the

complexity of design is preferred by respondents. Resnick et al., (2007) maintained
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design principles which cover adaptability aspects of robotic construction kits by using
low floor, high ceiling, and wide walls analogy to enable novice users to quickly
realise ideas while providing further access for experienced users to work on complex
projects. Modularity of the system it deemed to be a real need of respondents to
provide them flexibility in learning settings. Modularity and flexibility issue is
provided by previous studies as an essential design consideration for educational
robotic toys (Robins et al., 2010; Zuckerman et al., 2005).

Usability aspects derived from the results are found related to perceived usefulness of
the educational robots with different roles, ease of use, understandability of the
interfaces and components, and learnability of the system (Bartneck et al., 2009;
Hassenzahl, 2001; Yanco, Drury, & Scholtz, 2004). Comparison of different types and
roles of robots with each other also provided implications for the factors that affect
educator’s preferences on educational robotics. While some respondents only prefer
using robots as a tool for learning, others welcomed the robot’s role as a tutor for
teaching language in small age groups. Robots with a variety of construction parts
perceived by respondent as flexible robotic construction kits that provide a full range
of design variation to use in robotic activities. Pre-assembled robots such as Ozobot
and Romibo attributed with limited capabilities for learning in school environments.
Being capable of using robots for more than one subject and age-group is commonly
referred to as useful. From the perspective of the respondents, usefulness is highly
related to the flexibility of using compatible programmes and third-party components

as well as the modularity of the robot.

As a learning tool, robots encourage physical interaction between students and
tangible learning materials from programmable micro-computers to electronic
components. Also, there are other materials that aid learners such as RFID tags and
cards act as a communication medium (or act as a semantic representation) (Juarez,
Bartneck, & Feijs, 2011). Conceptual understanding of interaction interfaces is crucial
to empower learning activities. Design of the system required to provide student’s
understanding of what things mean in representational forms and how things behave
through cause and effect. Moreover, to provide a clear understanding of the physical
and digital aspects of the system, student’s need to understand the relationship between
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how things appear and respond (Antle, 2007). However, regarding students from
different age groups, their cognitive, perceptual and physical abilities differ; so,
designed affordances for the robotic system can have limitations to communicate

relationships between digital and physical aspects of the design (Hartson, 2003).

Other design-related aspects that are expressed for educational robots are concerned
about both functional and non-functional requirements. Functional requirements are
based on the operational capacity of micro-computers, input and output ports, the
reliability of the system, and durability of components. Most of the respondent has
more experience with Lego Mindstorms. Some respondents criticised Lego
Mindstorms by not having enough input and output ports also for its incompatibility
with third-party sensors and actuators. Reliability issues are expressed mostly
considering the compatibility of purchased robots with third-party components and
programming interfaces. Previous studies that are used Lego Mindstorms for rapid
prototyping expressed similar issues for limited processing speed and memory and a
limited number of input/output ports of sensors and actuators (Bartneck & Hu, 2004).
However, Lego Mindstorms is a popular robotic construction kit, a large number of
respondents are using Lego Mindstorms in their robotic activities because of ready-
made lesson materials and chance to participate in world-wide robotic tournaments.
Benefits of the popularity are enabling worldwide users to access open-source
resources and community of other users to ask questions. Respondents prefer to use
robotic platforms/construction kits that offer prosperous open-source community and
resources for the robotic activities. Aesthetics of the robots is found pleasing by
respondents mainly on the first impression and affected by colour and form.
Likeability aspect of robots by students seemed to be a significant determining factor
for the use of respondents. Cute appearance of robots and exciting options are
preferred over single tones of colours to address the diverse interests of students. Also,
likeability aspects are affected by the personal customisation; people tend to like more
personalised products/robots over standard ones (Sonderegger & Sauer, 2010; Syrdal
et al., 2007).

Respondents frequently state external factors regarding cost, supporting educators in
various ways, and as safety issues. Safety issues related to robots are concerned about
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the physical safety of students in the learning environment. Robotic construction kits
used for learning activities are designed by keeping children use of the product in
mind. Hence, except for extreme use scenarios, robotic construction kits do not pose
a danger for students under the educator supervision. However, building robots from
scratch requires more tools to work with such as soldering iron, craft knife,
screwdrivers, hot glue guns and so forth. If precaution is not taken such as ventilation,
first aid Kits, and so forth students may harm themselves in the short term or long term

based on various factors.
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CHAPTER 5

5. CONCLUSIONS

This chapter summarises the overall study of the thesis and presents the reflections
from the findings to generate a set of design requirements for programmable
educational robotics. First, research questions are revisited to provide information
about how they are answered at the end of this study. Then, regarding challenges have
been faced through the research limitations of the study is discussed. Finally, future
implications of the study are presented to provide a better starting point for the future

studies.

5.1 Reflections on Findings to Extract Design Requirements

Use of robotic tools in formal and informal learning contexts is a relevantly new trend
and offer promises for the development of 21%-century skills. Robotic applications that
are suitable for student use, design and learning activities are found beneficial to build
future work environment abilities as well as to provide a fundamental understanding
of technologies. Robots that are used in learning environments differ regarding
preferences of the educators and policymakers based on their benefits for learning of
students. There are diverse types of educational robots to aid learning such as
language, science concepts, social sciences, robotics, design education and so forth.
However, due to availability and cost-related issues of intelligent robots, educators
prefer cheaper robotic construction kits or building robots from scratch by gathering
components from different providers. Also, a comparison of different types of robots
provided valuable information about the perception of educators in different robotic
activities, robot types and requirements of the design. For an overall reflection on the

findings of the study, conclusions are made by revisiting research questions.
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The primary research question is:

= What are the requirements of user and robot interaction to support learning in

educational robotic activities from the educator’s perspective?
Sub-questions to support the primary research question are:

= In which ways the interaction between the user and the robot can be improved
to better support the learning experience? What are the expectations and needs

of educators regarding educational robots?

Regarding exploration of diverse robotic activities of the respondents, suggestions and
use experiences of diverse users provided broad information for design requirements
under functional and non-functional requirements. These requirements are commonly
based on respondents’ prior experiences with robotic construction kits and shown
informative usage videos of different types of educational robots in the study. The
literature on designing robotic construction kits and robotic toys for educational
purposes provided a suitable ground for the overall investigation on design
requirements. Also, understanding of student’s interaction with robotic systems
regarding age-groups with different needs and requirements on design. According to
significant findings of the study, design requirements for educational robots as a tool
for learning are concerned about the adaptability of the robots, usability aspects,
likeability, maintainability, reliability, durability, and safety considerations of robotic

learning tools. These requirements are further expanded as follows:

= Designing an Adaptable Tool — Adaptability is based on modularity,

compatibility utilities of robotic construction Kits that provide suitable use

scenarios and constraints for age-appropriate robot designs, programming

activities and projects. These features of robots also cover other aspects of the

overall system (programming environment, construction parts, and electronic
components)

o Providing Modularity/Compatibility — Providing modular construction

parts which enable users to create various design variations is crucial

to expanding learning activities with one construction kit. Modularity

of the physical components have a direct effect on ease of assembly,
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reusability of the designed robot, and making improvements on the
designed system. Ease of assembly is mainly affected by the
connections between the construction parts of the embodiment. These
connections can differ based on the design decision such as magnets,
friction-based connections, or connecting parts by using traditional
fastening elements (bolts, screws, nuts and so forth). Compatibility
aspect is to support the use of a wide range of digital and physical tools.
Robotic platforms that are compatible with third-party sensors,
actuators and electronics as well as with other programming languages
expanding the possible project space for the educators. To support
educators on highly mentioned cost-related issues designing modular
and compatible robotic platforms are a crucial priority for the design.
Adapting to Age — Corresponding to cognitive, perceptual and motor
skills of diverse student age groups with single construction Kit is
another crucial issue when designing robotic learning tools. Educators
in this study are often concerned about not being able to use one
adjustable robotic construction kit for different age groups regarding
the size of the embodiment elements, input/output connections. Visual
representations on programming environment, size of the construction
parts of the embodiment, and signifiers that communicates the
relationship between connection ports with electronic components can
be adjustable on size, and information complexity to address students
with different motor skills and perceptual abilities.

Designing Easily Learnable Tools — Learnability of the elements that form

robotic construction Kits provides natural progress in robotic activities to

expand learning domains. Learnability of programming environment can be

empowered by identification of user’s behaviour during use by an additional

system operation that keeps track of the interactions and provides suggestions

according to user intentions. Passive helpers for learnability of programming

interfaces sometimes unnoticed by users. Robotic construction kits commonly

learned by users through demonstrations of necessary applications by trainers

of the purchased companies or tutorials. To overcome these difficulties
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providing visibility for the simple application guides and help desk is crucial.
Providing further information within the interface through feedback, the
language of the programme, visual representations of programming
commands, and testing programming command virtually or physically also
significant factors related to learnability. Offering a wide range of language
options enable world-wide users to contribute to design improvements as well
as to the open-source community for further collaboration between users.

o Supporting users to quickly realise their ideas by combining parts,
connecting sensors and actuators or building an embodiment for the
robot is related to ease of use of programming interface and physical
components. Providing simple interaction for the construction and
programming can reduce the cognitive load of the user and further
accelerates the adaptation to assembling robots and programming robot
tasks. In most school, students learn programming concepts with the
aid of internet-based programming games by using drag-and-drop
programming blocks specified with basic actions such as, move
forward, turn left/right, and so forth (Resnick, 2013). By using
computer-based applications students are develop algorithmic thinking
skills with programming activities in digital learning environments;
thus, gaining familiarity with the programming commands that are
similar to control robot movements and actions in real-life. Since
students are familiar with the block-based programming commands,
using their existing conceptual understanding to increase
understandability of programming interfaces is beneficial for both
tangible and digital tools for computing. Perception of ease of use by
respondents is strongly related to modularity and ease of assembly of
the components. Apparent understanding of physical constraints of the
parts also plays a vital role for the ease of assembly and to communicate
on how parts are fitting together or how far users can manipulate the
design.

= Designing for Likeability — Likeability aspect of robot design explored by

respondent’s comments regarding their experiences with students in robotic
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activities. Visually appealing robots are attributed to rising interest amongst
young students aged between 7 and 15. Providing colourful options for
construction parts enable students to personalise their robot design; thus,
empower the active engagement of students in robotic activities. Also,
customisation of the robot design is found related to likeability and
engagement of the students in robotic activities. Visually appealing robots’
designs are linked to attracting young students for programming activities to
build a fundamental understanding of computing and robotics by respondents.
On the other hand, for high school student’s likeability of robotic construction
Kits or pre-assembled robots are from a more functional perspective and rely
on the interaction capabilities of the robotic system.

= Designing a Durable System — Maintaining or repurchasing different sensors
or actuators to build robots can be difficult during school hours if we consider
shipping time to school or lack of backup robotic kits. Therefore, durability is
considered as a significant concern for educational environments while large
numbers of students use the same robotic construction kits or electronic
components. Compared to educators, students can be reckless when using
electronic products or toy-like parts to construct the robot; hence the physical
durability of the components that contains sensitive electronics is crucial to

preserve materials for the next activities.

To support educators teaching by using robots in the first place. Robotic construction
kits offering a wide range of design options to implement on different subjects;
educators believe that they are limited within the constraints of the provided
construction parts, mechanisms, sensors and actuators when compared to building
robots from scratch by using easily accessible components for lower prices. However,
to realise robotic projects from scratch demands more resources regarding time,
cognitive and physical effort and sometimes related to the complexity of the robot
design requires more financial investment. To implement robots as a learning tool in
educational environments, a clear understanding of national curriculum goals and
relating robotic activities with the appropriate robotic kits is a crucial issue.

Considering the use environment of the robots, designing such systems plays a vital
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role in addressing major challenging issues. For instance, by providing ease of
assembly and disassembly, robotic activities can be made in lecture hours or to use
same construction kit with different age groups modularity aspect of design can allow
the use of bigger parts, less input/output ports or tangible programming interfaces.
Also, compatibility of robot’s components with other programming environments and
components that are unique to robotic construction kits from different brands can
provide freedom for students to create remix projects from different communities of
robotic construction kit users. Creating a common ground for educational robots
regarding the programming environment and compatible components can empower
learning and collaboration among students, educators and other users by making the

transfer of knowledge easier through open-source communities.

In the context of education in Turkey, most of the educators are preferred to use DIY
robots, micro-controller Kits or robotic construction kits with students in order to cover
various subject areas with one tool. According to respondents, pre-assembled robots
are seemed to be found beneficial for teaching programming concepts for young
students who have no experience with robots while DIY robots are found beneficial
for all levels in education. Educators prefer DIY robot kits as learning tools over pre-
assembled robots because DIY robots can be easily used for various purposes
according to educator’s goal. Considering all aspects of the challenges that educators
faced while using robots as a learning tool in educational settings issues above can be
addressed through several design interventions. Table 10 provides some solutions for

the significant challenges and needs of the educators in the context of Turkey.
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Table 10 - Challenges and Possible Solutions

‘uonRdo Jayjoue aq ued syuauoduwiod
3|qeJredal Jo 3jqesde|dal Ajisea buisn ‘os|y “SIUSPNIS JO SINOIABYS]
3|geipaidun pue ssans |easAyd aunpus o3 syusuodwod buluibisag

Angesnay pue Ayjigeing [edisAud

uoNeINPa 71-3 Inoybnolyl s10qod 3|qeing

$10q0J pue s3uauodwod UMO 413U} ASILI0}SND 0}
sJ3sn mojje ybiw siaubissp ‘suondo uoesiwolsnd Jo abuel apim BulsO

uoljesiwosn) pue [esddy [ensip

SuapNIs AQ $30G01 pUE S|003 3|GeaH I

aezyul bulwwesboud pue ubisap Jo Ayixa|dwod
Buiseaiour Aq suasn Jadxa 03 a21A0U Woly sabua)ieyd [eauswaioul buipirold

Ajl|igepueisispun pue syusuodwod) ajqelo|dx3

sJasn Jo abuel apim buissalppy

3lA3s uoIBUUD pue azis ul sabueyd 1oj smojje ey syied bulubisag :

qneduwio pue Ayeinpoy |

dnoub abe juapnis 03 5|00} bundepy g

S)UaU0dLIOI SNOLRA JO 35N U3 104 SMOJ|E LPIYM W)sAs Jejnpow Bujubisag ﬁ

uoneibaju| Jusuodwo) Apled pig pue Ajuenpoyy ﬁ

$13/gns snoLiea uj asn 03 AJIqIxa|4 g

Jaded ‘pieogpued ‘Aep se ons sjelssyew buidAjojoid Ayapy-mol Jo asn :

Ayiiqeurejuiely #

10q0./5|00} 3|qeployy g

jJuawaanbay

poaN

191



5.2 Limitations of the Study

In the first place, finding respondents that use robots as educators were challenging.
Majority of the educators work in schools are not able to meet for the interview except
for holidays because of heavy work-load. Regarding finding contacts and arranging
interview meetings with the respondents from different schools took between six-
seven months. Only half of the contacted educators positively returned while some of
them did not even give any response to invitations. Interviewed educators are not
selected according to their expertise or occupation in the K-12 level of education.
Educators who teach elementary, middle, and high schoolers are contacted randomly
through phone calls to school managers. It may take more time or decrease the number
of respondents if the specific level of education is addressed in the study because the

use of robots by educators is not well established in Turkey.

Secondly, for the comparison part of robots in the interview made by using video
footages and printouts of programming interfaces to criticise their design and possible
use scenarios in learning environments. Using videos and printouts of robots instead
of real ones also remained limited to provide enough information about robots. Some
respondents had hard times understanding the real capabilities of the robots also there
is a possibility that they might imagine non-existing additional features on robots.
Using physical robots for the comparison would be more beneficial to stimulate
respondents by providing the experience of robots in the first hand. However, it was
not possible to purchase four different educational robots personally without external

financial support.

Finally, the study was concerned about understanding the use of robots from
educator’s perspective by excluding student users. Respondents evaluated robotic
systems from the perspective of the student as educators which can be misleading.
Educators who work in private schools are more occupied and have more workload
because the use of robots occurs as extra-curricular activities; thus, requires educators
to devote their free time after work. Majority of the respondents are educators from

private schools this can also be a limitation of the study. Since, a private school can
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adopt additional curriculums and learning activities, exploring how robots can
implement into schools from governmental school educators can maintain different

needs and requirements for robots.

5.3 Future Implications of the Study

This study was concerned about exploring various factors which might support by
design of educational robots in a learning context. Media used in the interviews are
limited to provide real experience of robots. Also, the context of learning with robots
usually occurs in the classroom or out of school settings and actual use of perceived
robots by respondents may create additional challenges in a real context. Using
physical robots with educators will allow them to experience in the first hand which
can maintain more reliable outcomes for the design requirements. Also, using different
types of robots through the same tasks with incremental difficulties may provide

valuable information about the actual use of robots from an educator’s perspective.

Respondents in the study are commented about how students use robots, how students

overcome challenges, and how robots can be designed to address student needs.
However, information provided by the educators can be unreliable and biased. For the
future studies, educators and students can be involved together in the real context of
robotic activities for the design-based evaluation of different robotic products.
Involving students in further studies can provide a more general understanding of how
products can be designed for the joint use of both adult and child users. Investigating
collaboration within the robotic activities can be another option, robotic products are
commonly used for collaborative tasks, and students collaborate when designing
robots for acommon goal. Design related issues can be examined through observations
or testing of prototypes to support collaboration between users on the same product.

There is a tendency to train educators for the practical use of robots in educational
settings by school authorities and other private companies. Regarding educator’s

training on robots, workshops aimed to make educators more comfortable and
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confident while using robots. Simultaneously design based evaluations of the robots
might examine through qualitative research methods by design researchers.
Multidisciplinary nature of robotics requires work from different fields, and designers
can remain insufficient to think about all aspects of the educational robotics
individually. Therefore, when designing a study to extract design requirements in
collaboration with other disciplines such as developmental psychology, education, and
engineering through a design process can be crucial as well as beneficial. Regarding
education, design and social aspects, educational robotics field offering multi-facet

challenges and there are numerous issues to explore
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ABBREVETIONS

HRI: Human-robot interaction

cHRI: Child-robot interaction

HCI: Human-computer interaction

Al: Artificial intelligence

PR: Personal robots

PSR: Professional service robots

IR: Industrial Robots

UCV: Uncrewed vehicles

STEM: Science, technology, engineering, mathemetics
STEAM: Science, technology, engineering, arts, mathematics

ER4STEM: Educational robotics for STEM education
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APPENDIX A

[001] “Egitimsel faydalari dedigim gibi 21.yiizy1l becerilerinin gelistirilmesi
noktasinda 6nemli bir yerde goriiyorum ben bunu yani bu becerileri gelistirmek
bizim asil amacimiz olmali, ¢iinkii gelecek bundan ibaret olacak hatta bugiin bile
bu ihtiyaclara bu becerilere ihtiya¢ duyuyoruz... analitik diislinebilen ve sorun
cOzebilen insanlar yetistirmek acisindan bunu onemli bir yerde goriiyorum.
Ayrica psiko motor becerilerinin gelistirilmesinde de énemli bir yer ediniyor,
clinkii [Ogrencilerin, robotun] pargalarini takip dengeye alip sikistirmalart
gerekiyor ve burada da yine tasarim giicii 6nemli. Biz genelde hazir mekanik
parcalar kullanmayiz, 3 boyutlu yazicidan kendimiz c¢ikartiyoruz. Bunlarin
cogunu o6grencilerimiz kendileri tasarliyor, bir boliimiinii de biz ekip olarak
kendimiz onlara sunuyoruz”

[002] “Robotlar yardimiyla aynen bir hesap makinasini kullanirken nasil bir
rahatlik varsa belli gorevlerin robotlara yiikleniyor olmasi 6grencilerin daha
yaratici faaliyetlerde zihinlerini kullanmalarini kolaylastirir. Bu agidan smif
icerisinde tamamen biligsel bir faaliyete yogunlagmis bir beyin artik sosyal bir
faaliyete ve ayn1 zamanda yaraticiliga yonelik bir faaliyete de yogunlasacak hale
gelir. Ciinkii Robot onun yerine belli siradan yapilmasi gercken fakat zihni
yorabilecek isleri {stlenmis olur. Bunu hesap makinast kullanimiyla
Ozdeslestirebiliriz. Hesap makinas1 nasil bize bir grafik ¢iziminde yardimeci
oluyorsa nasil belirli istatistik hesaplarini hizli yapmamizi sagliyorsa bundan
kazanilan zamani1 6grenciler 6gretmenlerin yonlendirmesiyle daha {ist seviye
becerileri gelistirmek i¢in kullanabilirler.”

[003] Bence ¢ocuklarda kalici 6grenmeyi daha ¢ok sagliyor ve ben mesela hep Oyle
diisiiniiyorum 6zellikle arduinoyu kullanirken elektrik var yok sistemini yani bir sifir bir
sistemini kullanarak cocuklardaki ileride gorecekleri Fen ve Teknoloji ve Matematik
dersindeki elektronik kisimlarini daha iyi anlayacaklarini diisiiniiyorum. Bunula Direngin
ne oldugunu goérebiliyorlar hani evet direncin nasil bir formiile edilip ortaya ¢iktigimi
bilemiyorlar ama direncin akima karsi koymak oldugunun farkindalar bir sistemin
calisabilmesi i¢in bir enerjiye bu enerjinin de elektrik enerjisi oldugunun farkina
vartyorlar”

[004] ““Sadece iki motoru takip da bir robotu yiiriir hale getirmek bile bir is sonugta pargalari
dogru birlestirmesi lazzim motoru dogru yere takmasi lazim bunlarin her birini
yapamadiginda ¢ocuk hatay1 goriip problemi dnce tespit edip sonra ¢ézmeye calisiyor.
Birinci olarak problem ¢dzme becerisi, ikinicisi dikkat yogunlagmasi. giiniimiizdeki
¢ocuklarin ¢ogunda dikkat yogunlasmasiyla ilgili sorunlar oldugu soylenirken ... Ben 2
saat bir gocugun bir robotun tizerine yogunlastigini gézlemleyebiliyorum. Dikkati toplama
Ozelligini gelistiriyor, problem ¢dzme becerisini gelistiriyor, algiy1r gelistiriyor hem
gorsel(estetiksel) algiyr hem isitsel algiy1 gelistiriyor”
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[005] “sayisal zeka olarak gelisimine katkisi var o kesin... ikincisi de algoritma
gelistirme acgisindan faydas1 var. Uciinciisiide tasavvur edemedigi (abstract
concepts), hayalini kuramadigi seylerin gerceklestigini gorebilme hissi insanlara
her zaman bir zevk vermistir. Bu agidan 6grencilerde bir sonraki asamada neler
yapabilirim sorgusunu sorgulayabildigi i¢in gelisimi biraz daha hizli oluyor. Yani
cocuklar acisindan 4 yilda gelistirebileceginiz bir yetenegi bir bakiyorsunuz ki 1
yilda gelistirebiliyorsunuz.”

[006] “Farkli zeka yonlerini kullandigi i¢in zeka gelisimini artirtyor fiziksel
olarak, dokunarak bir seyler yaptigi i¢in. ... ne kadar ¢ok dokunuyorsak o kadar
hizl1 6greniriz ki zaten kiiglik yas grubu mutlaka dokunmak istiyor deneyimlemek
istiyor, deneyimlemek de gelistiriyor. Robot motor yeteneklerini gelistirdigi gibi
entelektiiel olarak da cocugu gelistiriyor. Motor yeteneklerini hesaplamali
tasarimli bir alanda kullaniyor ¢ocuk”

“Hani bu zaten bu bir siire¢ baslangicta bir sey bilmeden geliyor ¢ocuk ama sonrasinda
bakiyorsunuz artik problem ¢6zme becerileri gelistiginden hani el seylerinin becerilerinin
de gelistigini de ¢ok rahat hissedebiliyorum yani hani dénem sonuna baktigimizda ciddi
bir gelisim gosteriyor”

[007] “zihinsel olarak diistinmenin hayatin pek ¢ok yerinde ¢ok boyutlu diistinmeye gittigini
diisiiniiyorum. Yani bir siirii degisken var bir siirii parga var. Onlar birlestirerek bir seyler
yapacak. Bir sey koyacak ortaya. Her seyden once kendi 6zgiiveni artacak. Bir sey yaptigi
zaman ¢ok mutlu oluyor. Hareket ettigi zaman, istedigini yaptig1 zaman hem 6zgiiveni
yerine geliyor hem de ince kaslar1 (fine motor skills) cok gelismis oluyor. Motor becerisi
artmig oluyor. Bunlar da on-iki, on-ii¢ yasindaki ¢ocuklar i¢in bence hos tecriibeler diye
disiiniiyorum”

[008] “Ogrencilere sagladigi faydalar bir kere gocuklar da dzgiiven gelisiyor.
Yani bir seyi orda yapip calistigini gordiigli zaman ¢ocugun 6zgiiveni gelisiyor
mesela ben ¢ocukken iste televizyonda goriiyorsunuz iste o filimler de falan
cihazlar nasil gidiyor geliyor en ufak fikrimiz yok merak ediyorsun
¢Ozemiyorsunuz ama simdi ¢ocuk orada bir 15181 yaktigi zaman o ona yetiyor
bununla beraber Fen dersinde 6grendigi sayilar ile ilgili veya elektrik ile ilgili
6grendigi konuyu tekrar etmis oluyor veya iste demin sdyledigim gibi matematik
de olan konular1 tekrar etmis oluyor onlarin uygulama imkani olmus oluyor veya
hayal kuruyor yeni seyler kesfetmek i¢in hayal kuruyor onlari sunuyor birbirleri
ile yaris igerisine giriyorlar”

[009] ... Sebep-sonug iliskisini gozetleyebiliyor diger secenekleri gérebiliyor...
bu giizel bir sey. Tek basina yapmuiyor, yetersiz kaliyor bir takim c¢aligmasimin
icine giriyor sosyal davramslann degisiyor, gelisiyor. okul zamanm ile
sinirlanamayan bir siirecte bunlar okul zamani disindaki serbest zamanlarini
verimli bir sekilde degerlendiriyor tanidig1 gordiigii bildigi farkli sistemlerin daha
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degisik kullanilabilir oldugunu goriiyor bunlar onun biraz daha STEM etkinlikleri
dedigimiz size teknoloji, miihendislik, matematik alanlarina yakinlagmasinin ve
bunun sonucunda da iyi bir noktaya gelmesini sagliyor.”

[010] “ben robotu verip atiyorum yanina da programi verip atiyorum biitiin destegi yapip
¢ocugun sadece onlar1 bir araya getirmesi de degil. Rehberlik edip rehberliginiz disinda
cocugun kendisinin bazi seyleri 6grenmesi lazim. Cozmesi gerek bunlart yaptirdiginiz
zaman cok faydali bir sekilde problem ¢6zme mantigi(skill), arastirma mantig: (skill), ve
en sonunda da iiretim mantig1 kavramis oluyor. ... Arastirmadan da sonrasinda girisimcilik
yonleri de artryor. Belli bir sekilde ¢ozemedikleri zaman ya robotun kendi firmasindaki
elemanlarla veya bunu bilen bagka insanlarla birebir iletisime gegebiliyor ... birisinden bir
bilgi alacaklar1 zaman nasil alacaklarim bilebiliyorlar.”

[011] “Robotun sadece masada belli gorevleri yapmasi bekleniyor ama diger
tarafta proje gelistiriyor ¢cocuk o projenin gelisim siirecini iyi tantyor boyle bu
yasta bir projeyi yonetmek, baglatmak arastirma, bolme yapmak iste etik bir takim
ilkeler dogrultusunda ilerlemek bilgiye ulagsmak dogru bilgiyi segmek vs. ...
baslarken amacimiz robotla programlama yapmasiydi. Ogrencinin ¢ok daha farkli
kazanimlar1 oldugun goérdiik. Heyecanini yenmesi... o yenilgi duygusuyla bas
etmesini 0grenmesi gibi...”

[012] «“...atiyorum yanlig par¢a takmis o arada/ sabir konusunda ¢ok hiper-aktif
olan gocuklarda bunu bile astik yani su an. Mesela parcalayip atabilir yani yanlig
yaptigi i¢in. Hayir diyor bulacagim yanlisi / hani o sabr1 gostermesi bile bence
karakter olarak gelisimini de etkileyen bir sey. Ben diyor burada yanlis yapmigim,
bunu sokecegim, takacagim. Hi¢ ariza ¢ikarmiyor yani o konuda kendi isini
kendisi hallediyor”

[013] “Yani dersi eglenceli hale getiriyor. Eglenirse 6grenir ¢ocuk derse katilir. Daha aktif
olur. Ogretmen de kendi enerjisini ¢ocugu derse cekerek harcamaz. Ordaki konuyu
anlatima ya da oradaki konunun ¢ocukta kalici olmasi lizerine kendi enerjisini harcar. Ama
diger tiirlii 6gretmen merkezli anlayislar ile gittiginizde bu sefer sinif atmosferi okul
atmosferi veya o siirecin belirtilmesiyle ilgili sikintilar yasiyoruz. Ama bu tip uygulamalar
yaptigiiz zaman ¢ocuk keyif aldigi i¢in zaten 6grenci ilgileniyor ve 6gretmen konunun
onemli kismina daha ¢ok kafay1 yoruyor.”

[014] “6zgiiven ag¢isindan hakikaten ¢ok O6nemli ... akademik basarisi yiiksek
olmayan bir ¢ocuk robotta kendini bulup bir anda herkese yol gdstermeye
baslayan bir gocuk oluyor ve etrafina topluyor... Kisilik olarak katkisi o anlamda
6zgiliven, mutlu oluyor. Hocam neden iki saat diyor bu ders? Haftada mesela bizi
diyor su dersten alabilirsiniz tekrar devam etsek gibi falan/ hem keyif aldigi hem
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de bir ders yani bir dersten bu kadar keyif almasi onun da hosuna gidiyor yani
keske diyor hep boyle olsa”

[015] “Fizik, Kimya, Biyoloji dallarindaki derslerde yapacaklari igerikleri 6gretmenlere
belirleyip bizde onlara uygun bazi modeller ortaya koyup onlar1 kendilerinin bitirmesini
bekledik. Genelde proje bazinda yaptik. ... Siiregte hem derslerin igeriklerini onlarin
amaglarin1 kazanimlarini aldilar ve o kazanimlar1 aldiktan sonra kendileri de zevkli bir
sekilde bir iirlin elde ettiler. Buradaki 6grencilerden gelen en biiyiik art1 daha isteyerek
daha zevkli yaptilar. Bir ders gibi olmadig1 i¢cin daha c¢ok bir eglence gibi gordiikleri i¢in
eglenerek daha zevkli bir sekilde dersi 6grenmis oldular”

[016] “Bu birazda su damlasi misali ¢ocuklar kendisinde olumlu bir gelisme gordiigii zaman
da digerleri de ondan etkilenerek olumlu goriismeyi veya olumlu gelismenin igerisine dahil
oluyor yoksa korktu mu hepsi korkuyor ama yapabilir oldugunu gordiigiinde bir¢ok seye
inandirtyorsunuz. Bir insanmi da bir konuya inandirdiginiz zamanda onu sekillendirmek
daha kolay hale geliyor”

[017] “Ben daha ¢ok gergek hayattan 6rneklerle dersi yaptim. ... devrelerin kutusunu agip
gosterdigim zaman ¢ocuklar ilk basta korktular, ne yapacagiz falan dediler. Aslinda orada
cocuklara ben bir kag ¢esit sensor gosterdim. Isik sensorii arabalardaki far olayi, 1s1 sensorii
otomatik c¢alisan klima sistemlerini diislindiim sicaklik arttik¢a hava iiflemeye bagliyor.
Veya iste joistikte bildigimiz iste playstation kolundaki malzeme ayni aslinda mantik
olarak ayni. Bunlar1 diisiindiikge ¢cocuklar ve gercek hayatta bildiklerinden dolay1 ... biz
buna benzer bir ¢alisma yapacagiz dedigimizde ¢ocuklar icin ... en biiyiik sey motive edici
sey oluyor”

[018] “Ogrencilerde ¢ok sey kesfedebiliyorlar 6grencilerin kesfettikleri seylere
de agik olmasi lazim yani ¢ok asir1 didaktik bir tarz degil de biraz daha boyle
yoldas gibi arkadas gibi olmasi daha uygun olur. Ciinkii neticede ¢ok parga
birlestirmede karmasik bir is yapilmiyor burada bir otoriteye bilgi otoritesine ¢ok
gerek yok. Bir nevi Lego pargalar1 6gretmen ve 6grenciyi esitliyor diyebilirim*
Daha bdyle alt seviyede pargalar o agidan o an 6grencinin aklina daha iyi bir fikir
gelebilir buna agik olmak lazim ve bunun paylasgimini desteklemek gerekiyor. Her
yeni fikrin bir sekilde herkese anlayisla sunulmasi gerekiyor. Ogretmenin o
anlamda bir biitiinlestirici giic olmasi lazim.”

[019] “Ben robota ara¢ goziiyle bakiyorum... egitimde kullandigimiz araglara bakarsak;
gorsel araclar var bu gorsel araglar genellikle iki boyutlu olabiliyor 3 Boyutlu olabiliyor,
tahta bir gorsel ara¢ yaziyorsunuz gorsel arag, televizyon bir gorsel arag goriintii
gosterebiliyorsunuz yada 3 boyutlu bir model mesela bir iskelet modeli gorsel bir arag
bunlarin hepsinden daha fazlasi bence robotik etkinlik ¢iinkii neden fonksiyon var {izerinde.
Fen bilimlerinde miifredatt var deney araci olarak kullanabiliyor ¢ocuklar
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programlayabiliyor. Kendisi yapiyor sonucunu goriiyor. Egitimde yaparak yasayarak su
donemde egitimdeki en 6nemli anahtar kelime... Diger biitiin araglarda ¢ocuga biz ya
izletiyoruz ya dinlettiriyoruz ama bunu g¢ocuk deneyimliyor burada en Onemli sey
deneyimlemek diye diigliniiyorum...”

[020] “Egitim siirecinde robotlart kullanmamizin amaglar1 ¢ok farkli degil
normalde bizim miifredatlarimiz da bulunan derslerin islenmesi ve derslerdeki
yapilan herhangi bir dersin kazanimlarinin bir sekilde gorsel olarak elle tutulur
sekilde Ogrencileri gosterilmesi ¢iinkii soyut olan seyleri 6grencilerin anlamasi
¢ok daha zor biz bunlar1 somut olarak robotla birlestirdigimiz zaman ne bileyim
bir yerden bir seyin alinip gotiiriip konulmasini ¢ocukla somut olarak robotla
yaptirdigimiz zaman daha etkili yani oradaki yazilan teorikteki olan seyleri
pratige dokmekte ¢ok kullaniyoruz biz bunlar1 bu da bize ¢ok faydali oluyor
egitimde”

[021] “Bahsettigimiz gibi ¢ocuk bireysel ¢alisiyor birebir ¢alisiyor yani kendi yaraticiligini
direk bir nesneye aktariyor, ikinci olarak ekip ¢alismasi yapiyorsa ekip ile caligmay1 6greniyor.
Ugiincii olarak birden fazla zeka yoniine hitap ediyor aynen bahsettigimiz gibi multidisipliner
calistyor e bunlar ¢cocugu gelistiriyor ve egitime de katkis1 oluyor dordiincii olarak egitim
ortaminin boyle iste sirada masada oturup sonugta bunlarin hepsi robotla saglanabiliyor ha
egitim ortamini sadece bdyle masa, sira, tahta, sandalye iste siniftan gikartiyor sonugta robot
denilen al bir tane drone gibi tasarlansin ve sokakta havada ugurursun veya iste denizalti
kullanabilirsin anlatabiliyor muyum egitim ortamini ¢esitlendiriyorsun sinif olmuyor egitim
ortami1 kendin bir platform tasarliyorsun sonugta tasarim var sonugta ¢ocuk {iretiyor”

[022] “AutoDesk firmasinin yapmis oldugu bir sey var yazilim var TinkerCad ¢ocuklar
icin yapilmis olan bir versiyon, tek yapman gereken kare {iggen yada daire yada farkli
aklina gelebilecek biitiin sekiller var bunlar1 keserek bigerek ve birlestirerek ve en sonunda
bunlar1 biitiin hale getirerek bir tasarim olusturuyorsun ve aslinda orada geometrik
sekillerin ti¢ boyutlu sekilde nasil gériilecegini gérmiis oluyorsun. Aslinda burada biz robot
yapiyoruz ama egitim tarafinda baktigin zaman geometri yapiyoruz. Iste atryorum sana
sensOr diyorum sensor tarafinda bitki yetistirmek i¢in su su sensorleri aldigin zaman ortam
sicakligini 151811 falan ayarliyorsun Fen’e kattin, Sosyal Bilimlere ge¢iyorsun bir kuraklik
ile ilgili bir konu var daha sonra bu alana katiyorsun daha sonra sanata geciyorsun sanatta
bir ¢izim yaptirabilirsin bunu robotlarla yaptirabilirsin sanat alanina da girebilirsin yani
kadar ¢ok alana teknolojiyi entegre edebilirsin ki yani bunun sonu yok egitim alaninda her
yere katilabilir diye diiginiiyorum”

[023] “Pahali! Daha ucuzlamali bu anlamda. Daha ¢ok iste erisebilmek anlaminda
ozel okullardaki 6grenciler bunlara erisme agisindan daha uygun olabilir ama her
gruba hitap etmeniz lazim bu anlamda bdyle bir sorun oldu. Siire anlaminda ise
Milli Egitimin bir miifredat1 var, miifredatta da vermemiz gereken dersler var.
Robot kuliibiine ayrilan siirede bunu da diisiinmemiz gerekiyor. Belki bu dersleri
okullarin agilmasindan 6ncesine veya sonrasina ya da hafta sonuna koyabiliyoruz.
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Dogal olarak da yeterli gelmeyebiliyor. Egitim programlar1 da daha esnek
cercevelerde hazirlanabilmeli daha ucuz olmali okullar alabilsin”

[024] “Ornegin 24 dgrenciniz varsa bir sinifta 24 adet kit olmak zorunda is yapabilmemiz i¢in
yani 2 dgrenciye bir tane koyalim falan vs. yok bir de her 6grenciye okuldaki tim dgrencilere
aldirmak istersek maliyetler inanilmaz yiiksek ¢ikiyor veliye bunu aldirabilmek i¢in de ciddi
sekilde kisint1 yapmak gerekiyor paketin iceriginden buda bizim isimize gelmiyor dolayisiyla
siifin olsun ama tam olsun mantigindayim”

[025] “Su sikint1 gikabiliyor 6grenciler agisindan baktigimizda hani gruplar her smifin 3
tane var ve siniflarin ortalama 18 kisi oldugunu diisiiniirsek bir grupta 6 dgrenci oluyor
hani kimi tamamen ilgilenirken kimi bir sey yapmiyor ayr1 durmay1 sadece bakmayi tercih
edebiliyor robota dokunmadan gegirilen siiregleri oluyor bazi 6grencilerin hani bunu
yasadik mesela robotla etkilesime girmeyen 6grenciler oluyor”

[026] “Ogretmen goziinden bakarsaniz is biraz zora biniyor ¢iinkii tasarlamak i¢in
burda 6gretmene ekstra zaman gerekecektir. Tasarim becerisi 6gretmenin bir nevi
robotlarin egitimdeki faydasini da etkiler bu agidan ¢ok biiyiik tasarim becerisi
yoksa Ogretmenin hazir tasarimlara ihtiyacti vardir o agidan dokiiman
olusturulmas1 gerekecektir. Egitimdeki faydasini arttirabilmek adina 6gretmenin
cok desteklenmesi gerekebilir. Ya da bu igin dogas1 geregi bir 6gretmen adina bir
6diil mekanizmasi konmasi gerekir ki 6gretmen yaraticilikla ilgili bir eylemi daha
motive olacak sekilde yerine getirsin.”

[027] “Ornek model bulamiyoruz. Mesela diyorum engellilere yonelik renk
okuma ile ilgili bir 6rnek var mu? Tirkiye’de bakiyorsun yok. Yurtdisi
kaynaklarda Japonca anlatnus adam mesela Japonca videolar izledim. Ben
Japonca bilmiyorum ama adamlar orada bir seyler yapinca ha bu olabilir su
olabilir diye deneme yanilma yontemiyle yaptik. Bir iki kere boyle kablo yandi...
sensorler diizgiin okumuyor diizglin okumayinca kime danisacagini
bilmiyorsun... Yani iiriin satiliyor ama danisabilecegin kimse yok sorunlar o
danigma eksikligi var”

[028] “robot isi veya elektronik devre isi yapilacaksa 6gretmenlerin gercekten egitilmesi
lazim ve 6gretmenlerin de kendi de sunu farkinda olmalar1 lazim, gocukla beraber ben de
nasil bu isin i¢inde olurum bu ¢ocuk nasil igsellestirir bu isi. Cilinkii cocuklara var erismek
icin 6gretmenin ¢ocuklardan ¢ok daha hevesli olmasi lazim ki devamli ¢ocuklara yeni bir
bilgi asilasin ¢ocuklari, devamli motive etsin, ¢ocuklarin merakini artirsin. Motivasyon bu
is icin gerekli motivasyon 6grenciyi motive etmek 6gretmenin bu konuda kendini yeterli
hissedip ¢ocuklara yeterli verim istedikleri cevaplari verip onlari tatmin edebilirim, onlari
yonlendirebilirim, onlara farkli fikirler diigiinmelerini saglayabilirim olay iste orasi sey
herhangi bir sekilde maddi bir seyle karsilayamazsiniz bu tamamen 6z insanin i¢inden
gelen 6gretmenin icinden gelen bir durum bu”
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[029] ... Ogretmenler en ¢ok bize direng koyan kisiler ve Bilgisayar Ogretmenleri
daha dogrusu bunun sebebi de ¢iinkii kendilerini yillardir bu sekilde Word, Excel
bu tarz programlari kullanarak kendini alistirdig1 i¢in zaten biliyor... yeni bir sey
ogrenmeye acik degil. Ciinkil yeni bir sey 6grenmesi icin her hafta derse gitmeden
once o dersi ¢alisip o dersin planlamasini yapip ¢ocuklara aktarabilmesi lazim.
Bunu da 6grenebilirse aktarabilir, 6gretmen i¢in kendine ¢ok fazla yiik goriiyor.
Bunlarin asilmasi gerektigini diisiiniiyorum tabi burada en biiyiik set bizim
onlimiizde Ogretmen. Sonugta 6gretmen Ogrenmezse Ogrenci hi¢ bir zaman
ogrenmez. Ogretmen Ogrenciyi yonlendirmeli ki 6grenci farkli noktalara
gelebilmeli diye diisiiniiyorum

[030] “Birincisi en basiti yetismis 6gretmen bu konu ciddi bir problem bu isi
genelde Bilisim Teknolojileri Ogretmeni yapar, genelde temel bilgisayar 6gretimi
ile alakali calistyorlar ya bu alanlarda zayif olarak geliyor bunu biz kendimiz
egitimler vererek ¢cézmeye calisiyoruz ya da es kaza kendini gelistirmis insanlar
¢ikabiliyor bunlarin arasinda onlar tizerinden ilerliyor bu konu”

[031] “Bunun yaratacagi bir 6grenme yiikii var. Daha fazla sey 6grenemek zorunda
kalacaksiniz robotu daha iyi hale getirmek i¢in cok zaman alici diyebilirim. Ozellikle vucut
pargalarini yerine getirmek bir araya getirmek zaman alici. Hepsi hata verebiliyor kablolar
falan ¢ikabiliyor. Onun yarattigi sorunlar var. Fazlasiyla elektronik bilgi gerekebiliyor.
Kimi zaman ¢6zemiyorsunuz problemi seyin ayariylada ilgili sorun olabiliyor kablolarin
direngleri falan filan. O anlamda hani bir direktor bilgisi de gerekiyor ekstra”

[032] “Her ¢ocugun oniine Yyeteri kadar malzeme koyup, malzemeleri kullanimi konusunda
¢ok 1yi bir sistem getirmeniz lazim yoksa her taraf robot parcalariyla dolu karmasik bir
atdlyeye doniisebilir. En biiyiik problem bu oluyor. Baska simdi diisiiniiyorum. iki ¢esit
cocukla karsilasiyorum gocuklarin bir kismi tasarimla ¢ok ilgileniyor, bir kismi da aslinda
programcilikla da ¢ok ilgilenen ¢ocuklarda var. Buradaki dengeyi iyi saglamak gerekiyor.
Ciinkii cocuk programcilikla ilgilenmeyebiliyor. Orda da takim ¢alismasi yaparak iki tane
programcilikla ilgilenen ¢ocuk iki tane tasarimla ilgilenen ¢ocuk bir araya getirirseniz
ortaya faydali isler ¢ikiyor.”

[033] “program siirecinde d6grenmek hani her hafta bizde ona gore ¢aligmalar
yapiyoruz Ogrenciler gelmeden once hani sadece orada zaman zaman sikinti
yasaniyor yada yapiyorsun milimetrik ayarliyorsun hani 6grenciler gelmeden
once deniyorum ama ders sirasinda ufak bir sikint1 ¢ikiyor o anda mesela olmuyor
o anda sikint1 yasanabiliyor 6grenciler tarafindan da etkili 6gretmen tarafindan da
etkili mesela ben renk sensorleriyle alistirma yaparken ortamin 15181 bile hani onu
etkileyebiliyor onun duracagi yeri yansimasindan dolayi etkileyebiliyor.”
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[034] “Mesela yeni bir sensor kullanacaksin projede sensoriin nasil ¢aligtigini  bilmen
gerekiyor. Ondan daha ¢ok bir de demin ((asamada?)) konustugumuz gibi sistemi ¢alistirman
gerekiyor mesela seri bir sekilde. O yiizden sensoriin nasil ¢aligtigini tamamen bilmen gerekir
ki o sekilde kodlayasin. Burasi dedigim gibi cok uzun zaman aliyor belki haftalar aliyor sensore
gore degisiyor..”

[035] “Yani robotun kendisini 6grenmek basli basina bir mesele haline gelebiliyor.
Dolayisiyla 6grenciler tam olarak 6zgilir olamayabiliyorlar. Kimisi bundan ¢ok keyif
alirken kimisi aym sekilde ayn1 oranda keyif alamayabiliyor. Kimi 6grenciler i¢in biligsel
bir yiik dogurabiliyor. Kimi 6grenciler igin o kadar biiyiik bir yiik dogurmuyor o anlamda,
aslinda robotlarin kullanimi 6grencinin aktif oldugu bir ¢aligma seklinde olabilse ¢ok iyi
olur”

[036] “bzel ilgi duymazsa algortmik olarak diisiinemiyor bundan kagiyor bunu
terk ediyor birakiyor zahmetli is igerisine girmiyor bazilarinda da mekanik oluyor
nedir onlar bilgisayar1 yetersiz kaliyor mesela ¢ocugun aile yeni bilgisayar
almiyor okuldaki bilgisayarlar da belirli bir asamaya kadar kullanabiliyor ¢iinkii
biz onlarin evine gotiirmesine izin vermiyoruz okuldaki bilgisayar1 dogal
olaraktan 6grencinin elindeki makine yetersiz olunca birakiyor yapamiyorum
edemiyorum gibisinden moral bozuklugu icerisine giriyor”

[037] “Ogrenciler agisindan baktiginzda hani gruplar her sinifin 3 tane var ve
smiflarin ortalama 18 kisi oldugunu diisiiniirsek bir grupta 6 6grenci oluyor hani
kimi tamamen ilgilenirken kimi bir sey yapmiyor ayr1 durmayi sadece bakmay1
tercih edebiliyor robota dokunmadan gegirilen siiregleri oluyor bazi 6grencilerin
hani bunu yasadik mesela robotla etkilesime girmeyen Ogrenciler oluyor.
IstemeyenHani ¢ok genelde bunlar kiz égrenciler oluyor ilgi alanim1 cekmeyen
ogrenciler oluyor bazilarimin gergekten ilgi alaninda olmuyor robotlu bu tarz
seyler igine yaramayacagini da diistiniiyor ileride onlarin ilgisini ¢gekmiyor biraz
daha uzak durmay1 tercih ediyor.”

[038] “Baska bir sey simdi bizim ¢alistigimiz kisim 6zellikle ortaokul ¢ocuklar1 bu ergenlik
doénemindeki ¢ocuklar simdi bu yastaki ¢ocuklarda ¢ok fazla seyle ilgili 12-13 yasindan
itibaren degisik problemler ortaya ¢ikabiliyor bu da ilgi kayiyor hani bir bakiyorsunuz
bambagka seylere mecralara kaymis oluyor”

[039] “Cok el becerisi gelismemesinden yani o kaslara hakim olamamasindan. Bir de tam
kontroliinii saglayabilen bir yas grubu degil... Hani ¢ok daha/ beden kas koordinasyonu
(kontroliinde) degil. Ama ugrasa ugrasa yapa yapa dedigim gibi onlarda da epey o hiper-
aktivitenin Oniine gegtik. Derste yerinde oturmayan gocuk, robota geldigi zaman hareket
etmiyor. Demek ki bu bir problem degil yani tamamen ¢ocugun ilgisiyle alakali”
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[040] “genelde Ingilizce bu isler gocuklarimizin da tamam ben yabanc dilde ¢ok
sikinti yasamiyorum ama ¢ocuk da gelismis bizim ¢ocuklarimiz bu arada ekip
olay1 itibaren haftada 8 saat Ingilizce falan goriiyorlar ama hig biri Ingilizce
bilmiyorlar bir makaleyi okuyup anlayacak kadar Ingilizce bilmiyor
konugmalarindan falan bahsetmiyorum temel seviyede okudugunu anlamaktan
bahsediyorum ger¢i Tiirk¢ede de okuduklarini anlamiyorlar ama yani bdyle
sikintimiz var”

[041] “Robotlarda en biiyiik sorunun robotlar1 6grencinin goziiyle, 6grencinin robotlari
hangi gozle algiladigim kontrol etmek zor, dncelikle sey asamasini anlatmak gerekiyor,
robotta biling olmadigini anlatmak kolay olmuyor. Vermis oldugunuz komutlarin robotun
sensorleri tarafindan en fazla diinyayla iletisim kurarken o sensorler tarafindan
olabilecegini 6gretici bir sekilde giris yapmak gerekebilir. Sensor kavramini ¢ok kolay
Ogrenemiyebiliyor 6grenciler bir nevi sayisal deger yani renki gosteriyorsunu onun renk
oldugunu degil, onun fenomenel anlamini degil de sayisal karsiligini algilamasi lazim
Ogrencisinin bu bir nevi zihinsel bir doniisiim.”

[042] “Cocuk hayalinde iste soyle hayaller kuruyor mesela ben bir aynadan girecegimde
obiir taraftan 1sinlanip ¢ikacagim ¢ok ucuk ayagi yere basmayan hayallerle geliyor sana
projelerle geliyor sen onun ayaklarini yere basman gerektigi i¢in robotta da ayn1 sey gecerli
yani o dyle bir robot hayal ediyor ki kafasinda gergekten cyborg hayal ediyor merhaba ben
geldim nasil yardimci olabilirim falan bir seyler hayal ediyor tabi setleri gériince hafif bir
hayal kiriklig1 yastyor hani setlerimiz ¢ok gelismis degil birinci olarak gocuk burada sikinti
yastyor, ikinci olarak ... ¢ocugun bununla ilgili no....yok zaten duyumu yok o yiizden
oncelikle bir robot nediri bile bilmiyor anladin m1 kumandalar1 bile robot sanabiliyor veya
robot deyince direk cyborg geliyor aklina”

[043] “Mesela hi¢ Lego yapmayan ¢ocuk oluyor bazen hani geliyor ve burada
yapmak istemiyor 1srarla en biiyiik sikintimiz 0 oluyor bazen ama hani yaptik¢a
kendi bireysel olarak yaptikca hosuna gidip yapmaya basliyor hani sadece tek
karsilastigim o onun disinda gayet ilgili istekli gelen ¢ok 6grenci var”

[044] “Cocuklarin bazilar1 korkabiliyor ¢iinkii iste kiz ¢ocugu mesela hayati
boyunca hig¢ biz de klasik sey vardi ya erkek ¢ocugu tornavida tutar kiz gocugu
tutmaz falan kafas1 vardir ya ¢ocuk hig tornavida tutmamig olabiliyor veya hig
Lego takmamis olabiliyor ve yapamayacagim diye korkabiliyor ¢iinkii onun igin
yeni bir sey ama onlar1 astyoruz problemler bu sekilde oluyor”

[045] tasarim kisminda séyle... sibiz hazir kit kullanmadigimiz igin sifirdan
onlari birlestirmemiz gerekiyor. Bu kisimda da 6grencilerin gii¢liik ¢ekiyor yada
kullandiklar1 aletler kesici oldugu igin zorlamiyorlar. Bu sekilde engeller
¢ikabiliyor. Yeri geliyor bazi ¢ocuklar hani bir yerini de kesebiliyor ama bu ¢ok
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nadir rastlanan bir sey. benim karsimda gordiigiim engeller tasarim konusunda
biraz bu ve dedigim gibi bazi tasarim konularin1 da onceden alirsa derslerini
mesela 3D tasarim dersi gibi hani ¢ocuklarin birazcik daha 3 boyutlu diisiinme
becerilerini biraz gelistirirsek o engeli asabilecegimizi diisliniiyorum

[046] “elektrigi bilmiyorlar ¢ocuklar elektronik cihazlari ve hani 6nyargili olarak karmasik
biz buna bir sey yapamayiz gibi bir sey var bir iirperiyorlar iste baslangicta dokunmak
istemiyorlar hani o baslangigta seyi yeniyorsunuz iste dokunuyorlar, bagliyorlar bir iki
tanesinin ¢aligtigim gordiikleri zaman lizerinde devam ediyorlar hani ilk baslangicta hig
bilmedikleri i¢in kablolar1 karigtiriyorlar tabi yanlig yerlere bagliyorlar sonra bilgisayara
bagliyorsun ¢alismiyor farkli seyler olabiliyor ama iste zaman igerisinde sey ilerliyor hizl bir
sekilde ilerliyor”

[047] “Bazen ¢ocuklar kendileri devreyi yanlis bagliyorlar o yiizden iste kisa devre
yaptirtyorlar ama farkinda olmuyorlar ¢iinkii ¢ok iste telasli takarken kabloyu takarken o
bordur {izerinde deliklere ¢ok dikkatli takmak lazim bazen bir delige elektrik veriyor diger
ayni sirada delige takacagim diye fark etmeden takmis olabiliyor sonra devreyi yapamadim
diye bir sey oluyor durum ortaya c¢ikiyor kontrol ettigimiz zaman gercekten kabloyu ters
bagladig1 icin kisa devre yaptigini yada baska yerden bagliyor kabloyu bu tarz ufak tefek
sikintilar ¢ikiyor onun haricinde yasadigimiz ¢ok biiyiik bir problem yok”

[048] “Sensorlerle ilgili ¢ok sikinti yasiyorlar iste dedigim gibi robotun aslinda program
mantiginda baktiginda algoritmasina baktigimda programin dogru calismasini bekliyor ama
kullandig1 parcalar robotun tasarimindan dolay1 verdigi siire igerisinde o isin dogru hedefe
gitmedigi i¢in iste baglattig1 yer 6nemli robotun sagina taktig1 bir parca var o isi yapmasi i¢in
o parca onun hafif saga dogru kayarak gitmesini neden oluyor drnegin agir geliyor orada
ergonomiyi diisiinmesi gerekiyor, fizik kurallarini diisiinmesi gerekiyor bunlar karsilastigi en
6nemli sorunlar"

[049] “Genel olarak yasadigim problemler, tasarimin ben ¢ocuklarin yapmasi gerektigine
inantyorum*, Cocuklara tasarim ilkelerini veriyorum, tasarim ilkeleri bunlardir bunlara gore
tasarlamalarim1 bekliyorum, tasarlarken her ¢ocuk bireysel olarak kendisi yapmak istiyor,
burada karsilastigimiz durum herkes kendi tasarimini empoze etmeye ¢alisiyor. Goreve
yonelik bir sey koymaktansa herkes kendi bildigini empoze etmeye ¢alisiyor* ve bu konuyu
grup caligsmasina dondiirmekte zorlaniyoruz bireysel fikirler catisiyor aslinda

[050] “baz1 gocuklar bencillik yapip* programin basina ge¢ip sadece kendileri programlamaya
caligyorlar. Boyle bir sey var, insanin dogasinda var ¢cocuklarda da bu bencillik cok daha fazla
olabiliyor.** Paylagsmay1 bilmeyen ¢ocuklarda 6zellikle de tek ¢ocuklarda bu olabiliyor. Hep
kendisi yapmak istiyor cocuk programi. Onlarida degistirerek farkli gorevler vererek. Birazda
iste arkadasin yapsin.* Ahmet sen yap diye. Bazi ¢ocuklar kopabiliyor gorevden koptugu
zaman ¢ocugu ¢agirip 1, 2, 3, baglat gérevini ona veriyoruz mesela* kopan ¢ocuklari o sekilde
isin i¢ine sokuyoruz.”
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[051] “Bizim genelde sikinti yasadigimiz nokta su bizim Ogrencilerimiz takim halinde
calismaya uygun 6grenciler degiller aslinda genelde bireysel olarak ¢aligmaya tercih eden yani
gruptaki Ogrenci sayisi arttikca aslinda potansiyel olarak problemlerde artis gosteriyor
normalde gruba katilim arttik¢a isin daha kolay yiiriimesi gerekirken bizde tam tersi oluyor
grubu ne kadar kiigiiltiirseniz o kadar hizli bittigini goriirsiiniiz projenin en biiyilik
problemlerimizden bir tanesi bu yani 6grenciler aslinda birbirlerini kotii etkiliyor gruplar
icerisinde onun disinda gruplar1 olustururken problem yasamamak i¢in su tarz Onlemler
altyoruz 3D modelleme konusunda ¢ok iyi olan 6grencilerimiz var gruba muhakkak ondan bir
tane bu Ogrencilerden atiyoruz ¢oziim iiretebilen problem karsisinda ¢ocuklar var 6zgiin
diisiinebilen bunlar1 da yine atiyoruz oraya birde programlama konusunda basarili olan
¢ocuklar var gruba bir tane de ondan atiyoruz bu sartlar saglandiktan sonra zaten problemimiz
¢Oziilliyor tabi bir de el becerisi iyi olan gocuklar var onlarda montaj asamasinda ciddi
hizlandinyorlar sizi sikinti surada basliyor bunlan citlediginiz zaman bu tarz 6grencileri
birbirlerini yemeye basliyorlar dolayisiyla her grupta bu 6zelliklere sahip birer 6grenci tercih
etmek gerekiyor en biiyiik yasadigimiz problem bu”

[052] “Cesitli zamanlarda cesitli oyuncaklar boyle popiiler hale geliyor. Ne vardi
mesela 6onceden boyle topag gibi cevrilen oyuncaklar vardi. O oyuncaklardan
altyor bir ¢esitini aliyor sonra ikincisini aliyor ii¢linciisiinii aliyor o oyuncak bir
dénem sonra artik cazibesini yitiriyor, neden? tasarim bitiyor. Simdi bunu aldiniz
bunu ¢ocuk tiiketti bitirdigi zaman bagka bir sey yapma sansiniz yok ama “lego”
gibi “rex” gibi modellerde bugiin bunlarla bir ara¢ yaparsiniz yarin* insaat
makinasi yaparsiniz ertesi giinii ne bileyim kiip ¢6ziicii yapabilirsiniz. Imkanlar
daha sonsuz ve sinirsiz modiiler olmasini tercih ederim”

[053] “Cocuklar robot tizerinde kendi tasarimlarini yaptiklari zaman robotla etkilesimleri daha
yiiksek oluyor bu kapsamda bunu sdyleyebilirim. Bir gbérev robotu yaptiriyorsunuz, gorev
robotunda neler var; 2 tane teker var altta 2 motor var, iistte 1 tane controller var sevimsiz bir
sey ama ¢ocuga: "hadi bunun 6niine bir tampon yapin" dedigimiz zaman ve ¢ocuk ona bir
tampon yaptiginda arkasina da iki tane renkli far koydugu zaman o etkilesim daha farkli
oluyor. Cocuk onu artik kendi bir seyiymis gibi gériiyor. Robot olarak alip ta onu sadece gorev
robotu gibi gordiigiinde etkilesim daha diisiik oluyor ama ¢ocuk onu kendisi tasarimiyla
Ozellestirdigi zaman bu etkilesim daha iist seviyelere ¢ikiyor. Kendi tasarimiyla 6zellestirme
de diyebiliriz.”

[054] “Modiiler olmali, sensorleri rahatlikla ¢ikarilabilir olmali ki sonraki derse hazir
olsun. Bu her 6grenci igin bir tane olmasi birazcik hayal ancak sinifa almak daha mantikli
dolayisiyla sinifa olduk¢a zengin sensor paketlerinden olusan, kolaylikla devresi kurulup
daha sonra kolaylikla bozulabilen bir tasarima sahip olmali.”

[055] “Bunlar ayn1 toplama bilgisayar gibi: islemciyi altyorum hard-diski alryorum, su
kasay1 aliyorum gibi keyfinize gore tasarlayabiliyorsunuz daha yaratici bence. Tabi ki de
farkli seyleri alip bir araya getirmek daha da uygun, yaraticiligi attirir. Hem de kullanighdir.
Sonugta yapmak ve tasarlamak istedigin ne ise ona 6zgii {irlinleri alarak burada yapilabilir.
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Bu biraz 6zgiirliik katiyor isin igine, bu 6nemli bence bir de dedigim gibi goriintii de ¢ok
sirin.”

[056] “Egitimi i¢in kodlama tarafinda faydasi olabilir. Geri kalan her sey
kendilerinin belirlemis olduklar1 sinirlarin disarisina ¢ikamazsin bununla belli bir
sinir1 vardir.Clinkii kullanilan sensor bellidir ve kullanabilecegin yapilarin hepsi
sinirlidir ama bunu sifirdan icat ettiginiz zaman su an bile piyasada bine yaklasik
sensor var. Farkli farkli sensorleri entegre edip gocuga farkli hayalindeki projeleri
yaptirabilirsin, burada ise sadece hayallerini sinirlarsin.”

[057] “Bizim o istedigimiz "Bir seyi" iiretmesi, hayal giicii, hayal kurmasi, yeni
seyler kesfetmesi, yeni seyler diisiinmesi... Bunu bir taraftan kisitlamis oluyoruz
yani onda sadece oyuncak gibi oluyor. Cocuktan sadece belli islemleri yapabilen
ve belli islemleri gorebilen bir seyi yapmasini ve onu gergeklestirmesini istiyoruz.
Bu sekilde bir puzzle ¢oziiyor gibi oluyor ama obiiriinde bastan, sifirdan bir tirlin
tasarlatmig oluyorsunuz. Yani bunda bir karton kullantyoruz belki gériintii olarak
digeri kadar hos olmuyor. Karton kullaniyoruz goriiyorsunuz iste kartondan onu
yapmis, kartondan onu yapmis orada bambagka bir sey yapmis yani iste yokluk
yaraticilig1 tetikler mi derler ne derler hani dyle bir sey vardir. Biliyorsunuz yani
onu ¢ézmesl, o tip problemlerle ugrasmasi bile bizim agimizdan énemli bu sekilde
arduino kullanmak bizim i¢in 6nemli.”

[058] “Pargalar1 ¢ok kiiglik miidiir? Kaybolur mu? Okul ortami sdyle bir ortam ¢abuk unutur
cocuklar her seyini. Parcalarin kiigiik olmasi bir dezavantajdir. Ciinkii o parcalar1 bulup tekrar
almak da ¢ok bir masraf. O yiizden belki soyle olur egitim sistemindeki robotlar1 boyle daha
biiyiik pargali ve yani belki Gyle bir sey olabilir. Ya da yasa gore parga biiytiyiip kiigiilebilir.”

[059] “Dedigim gibi (lego parcalari) onlarin gercekten el becerilerini gelistirir.ilk
basta, dersin disinda sadece bir seyi yetistirirken ¢ok az bir kismini1 yapabilirken
sene sonunda bir senenin sonunda ger¢ekten daha hizli yapabiliyor ya da bir sene
daha gegctiginde hani 0 yapamadig1 seyleri bir ders saati i¢erisine sigdirabiliyor.El
becerilerini gergekten ¢ok gelistiriyor.”

[060] “Hem alttakini tutacak hem tsttekini tutacak kenardaki bir par¢ay1 monte edecek. Hakli
olarak eli yetmiyor ¢ocugun. Gergi iki ele daha ihtiyacin var. Ama bunutek basina yapan da
var. O sirada ters bir hamle yapiyor, 6biir parca yere diisiiyor, tutturamiyor gibi ama bu da
tamamen degiskenlik gosteriyor. Yaptig1 robotla alakali. Kolay bir sey yaparsa kendisi zaten
tak tak tak yapiyor.”(

[061] “Par¢a kullana kullana gelisiyor. Zaman ge¢irmekle alakali robotun
tasariminda birazcik daha pargalara baktiginiz zaman daha kolay birbirine monte
olan seyler olsa boyle seyleri yasamazdi. ama bence boyle seylerin olmasi pozitif
bir etki. Zor olsun ki zor bir sey i¢in ugras obiir tiirlii iki parca tik diye birbirine
girsin is bitti yani. Hani mekanizmay1 gor. Niye buranin hepsini art arda yapmak
zorundasin? Ne yaptirmaya calisiyosun da bunu yapiyorsun? gibi bir durum var.”
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[062] “Makeblock hepsinden istiindiir. birde Makeblock’un sdyle bir avantaji var; hem
cok kiiciik yas gruplarma hitap eden bir iirtinii var, hem de gerekli yiikseltmeleri yaptiktan
sonra ve Arduino’ nun kendi idesini kullanarak Lise gruplarina da ayni kit ile egitim
verebiliyorsunuz. Bu ciddi bir esneklik ¢iinkii diger markalara baktiginiz zaman hep
hedefledikleri yarilar ayr1 ayridir. Ilkokuldan Liseye kadar bir {iriinii genelde gormeyiz
diger kitlerde. Makeblock bu esnekligi sagliyor.”

[063] ““Ara yiiz sikintilar1 var bazi ara yiizler ¢ok agir baz1 yiizler ¢ok basit. Cocuk diyor Ki:
"ben scratch kodlar1 koyacagim ama kodlar1 koyduktan sonra sunu yapmak istiyorum."
diyor.O arayiiz ¢ok basit olacak onu gelistirmiyor. Cok kolay ile ¢ok zor arasinda ara bir
seviye olmali. Aslinda ¢ocuga yonelik olan her projeye yonelik oneri yaziliyor tadinda bir
sey olmali. Bunlar1 yasadik genelde programlama konusunda tabi kisitli imkanlar da var
robotlarin kisithi kapasiteleri var senin her verdigin komutu her verdigin disiindiigin
algoritmay1 aktaramayabiliyorsun sisteme ¢iinkii ¢ok gelismis sistemler degil bunlar. Orta
seviye robotlarda ¢ok biiyiikk programlama yapamiyorsun.Hata veriyor,almiyor,
resetleniyor veya kodu yaziyorsun sifirlantyor.”

[064] “En temelde miifredat programinin uygulanabilir olmasidir. Hani siz eger Pisagor
teorimini robotla anlatabiliyorsaniz tamam ama Pisagor teorimini robotla anlatamiyorsaniz o
zamanlar o robotun o an orada kullanim alanini gegiyor gibi veya nasil diyeyim fasulyenin
¢imlenmesini Fen dersinde robot iistiinden gosterebiliyorsaniz tamam. Ancak burada egitim
programlarinin robotlar {izerinden ¢ok iyi kurgulanmasi gerekiyor belki biraz daha iist
diizeylerde olacak bunlar ders i¢inde yapilamadigi icin zaten su an turnuva oldugunda First
Lego Ligi veya ¢izgi izleyen sumo yapan veya pinpon toplarini atan sistemler gibi ¢aligmalar
devam ediyor.”

[065] “Bilisim Teknolojileri Yazilim dersinde 5.ve 6. simifda kodlama kisminda ne dersi
kodlama kisminda Scratch'i zaten anlatiyoruz. Scratch'i anlattigimiz i¢in, Scratch'i arduinoda
yani orada Ogretilen mantig1 kullaniyor. Onun disinda ekstra dan bir sey O6gretmene gerek
kalmiyor sadece arduino ile ilgili olan kisimlari birka¢ tane ekstradan blok var onlari
Ogretiyoruz ve yolumuza devam ediyoruz. Yani sifirdan iste editorii tekrar anlat, ne bileyim
bloklar su ise yariyor sunu soyle kullantyorsun? Gibi bir seye gerek kalmiyor. O, birinci adim
oluyor hemen ikinci adimdan da devam etme imkanimiz oluyor yani tekrar kodlama kisminin
egitimi ile ilgili kismiyla ugragsmak zorunda kalmiyoruz”

[066] “Eger kit olarak ¢alisacaksam genelde ben Arduino platformu ile ¢alisiyorum ve bu
platformu destekleyen robot kitleri tercih ederim. Hazir bitmis {irlinlerden genelde uzak
durmaya ¢alistyorum. Buna karsilk daha Ozellestirilebilir  platformlar tizerinde
yogunlasiyorum. Bitmis tek parga iiriinlere ¢ok fazla sicak bakmiyorum agikgasi birde agik
kaynak toplu olmasi énemli bunun yaninda donanimsal uyumlulugu da benim i¢in 6nem arz
ediyor. Ornegin; ben farkl1 bir markanin sensériinii baglayamayacaksam bu benim icin eksi bir
degerlendirmedir. Gerekirse kablolama pin yapisimi degistirebilecek bile olsam ben bunu
kullanmak isterim.”

[067] “Saydiklariniz arasinda en yatirim yapilabilir {irin budur (robotis) ¢linkii ben bununla
mbotu inceledim ve mbotu aldim. Boardun iizerinde bir ¢cok sensor baglantis1 var gerekli
biitceyi zaman ben bunlar1 alip tekrardan gelistirebiliyorum. Bunun disinda mekanik aksami
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da standart bir mekanik aksam Metrik4 vida tasarimu destekliyor. Herhangi bir Metrik4 vida
ve benim tasarladigim bir 3D printerdan ¢ikmis bir parcay1 buna dogrudan baglayabiliyorum
¢linkli kendine has per¢inli bir yapist vs.yok. Sizi ondan {iriin almaya zorlamiyor ve bir de
sOyle bir seyi var ki bunun kendi orijinal pargalarmin da 3D modellerini de {icretsiz olarak
paylasiyorlar. Dilerseniz aynisin1 3D printerdan ¢ikartabiliyorsunuz. Ornegin; tekerini satin
almaniza gerek yok ya da bir disli yapisim1 ya da o disliyi siz 3D printerdan iiretebilirsiniz.
Satin almaniza gerek yok. Uretemediginiz pargalar1 sadece alabilirsiniz. Bir diger giizelligi de
Lego’nun parcalar1 ile de uyumlu onunla birlikte de ¢alisiyor.”

[068] “Genelde biitiin robotlarin kendi arayiizleri geliyor. Biliyorsunuz ki bunlardan
kullaniyoruz ama ben bunlarin disinda yetenekli cocuk varsa iste cocuga direk arduino
gosteriyorum. Siiriikle birak programlama yaptirmiyorum da direk bildigimiz programlama
mantig1 arduino gosteriyorum. Biraz hafiften C veya Python tabanina kendim giriyorum ¢iinkii
lazim oluyor. Sonugta 6nde ¢alisan programin temelini benim anlamam lazim ki ¢ocuga da
ondeki seyi veya sikintiyr ¢ozebileyim diye onun disinda programlarin kendi yazilimlarini
kullandim”

[069] “Neden tercih ettim bir kere hazir ara yiizler zaten ¢ocuklarin kullanabilmesi i¢in ve
daha sikintisiz daha stabil ¢alistiklar: i¢in otomatik olarak tercih ediyorsunuz. Seti bende
tanimiyorum sonugta benim i¢inde yeni bir set geliyor karsina kendi ara yiiz ve kendi programi
ile basliyorsun onun disinda arduinoyu niye tercih ettin arduino biliyorsun nerdeyse biitiin
cihazlarla calisabiliyor. Yani kolayda bir arayiiz ¢ok da boyle synthax bilmene gerek yok
benim temelimde C ve pascal vardi.Lise egitimimde zaten C ile ugrasiyordum java ile az ¢cok
ugrastyordum 0 yiizden de onlar1 kendi agimdan, arkada onlar1 gelistirmek i¢in bunlar1 tercih
ettim.”

[070] “Simdi en ¢ok sikinti yagsanan sey robotik uygulamanin genelinde robotun kendi ara
yiizilydii veya robotla calisacak program bu en iyi programlama dili C’de olabilir, Piton’da
olabilir hangisini kullaniyorsunuz hi¢ fark etmez bunlarla robotun birbiriyle uyumsuz olmasi.
Belki biitiin robotlart kullanmisimdir ama tam birebir yiizde yiizde yiizde yiizii birak yiizde kirk
yiizde elli ¢aligsan bir robot gérmedim diyebilirim. Cilink{i her zaman bir sekilde bir problem
¢ikiyor. Yani programla robotun kendi fiziksel ve oradaki bizim yapmis oldugumuz program
arasindaki sikintilar... Yapilan uygulamalarin her tiirli flexible her seye uygun olmamasi
parcasi her seye uygun degil o uygunlugu daha da ¢ok gelistirmek lazim.”

[071] “Kullanigli denir. Hem emek hem para yoniinden daha iyi olmast... Eger bir
malzeme ya da bir iriin alipta ya da bir Fen bilgisi dersi i¢in aldik diyelim... Bunu
bir den fazla sey i¢in kullanabileceksek bu bizim isteme ve tercih sebebimizdir.
O yiizden araylizler ya da bunlar ne kadar fazlaysa ya da bunlari ne kadar
miifredat ile iliskilendirebilirsek o kadar tercih edilebilir. Ornegin; bunun bes ve
yedi versiyonu varsa yedi versiyonu olani ¢ocuklarla dyle bir etkinlik yapmak
isterim. Yani tek bir amag degil birka¢ amag egitimde daha farkli olur.”

[072] “Legoya da uyumlu oldugunu da goriiyorsun Legoyla birebir de
kullanilabildigini goriiyorsun buda agik kaynakliklara cok daha yatkin oldugunu
gosteriyor bize zaten. Arduinoydu gibi degisik seylerle ortamlarla
kullanabildigimiz ve sensorleri ¢ok fazla ve fazla oldugu igin ayni sekilde ¢ok
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fazla da degisik. Fazla ders agisindan, fazla kullanilabilirlik agisindan, ¢ok daha
veya kullaniciyr korudugu mu diyeyim yoksa kullaniciyr ¢ok daha sevdigi mi
diyeyim kullaniciya ¢cok daha yakin bir sey.”

[073] “Bunlarda biraz daha fazla kaynak gruplari agisindan ...yazilimlar kullanabildigin
icin yani ne kadar ¢ok programlama dilini ¢ok kullaniyorsan bir robotta o kadar ¢ok fazla
yerde kullanabilirsin sende katiliyorsundur ne kadar ¢ok a¢ik kaynak bulduysak kendisine
kapali degilse o kadar ¢ok fazla kullanma sansin vardir. Bunlarda da benim gordiigiim
seyler o yani degerlendirmelerim genelde o sekilde.”

[074] “Simdi motor sdyle demir aksam var burada vida var burada tam turunu
tutturamadiginiz zaman disa atiyor motor tam calistiramiyor bunu bu seferde istediginiz
gibi gitmiyor. Birde pil olayi, pil ¢cok ¢abuk bitiyor onu sdylemeyi unutmustum simdi
hatirladim pil ¢ok ¢abuk bitiyor. Mesela EV3’de de nedense bu robotlarda nedense pil biraz
daha yavas gidiyor az gidiyor bunuda ben hatirliyorum 6 tane mi,9 tane mi pil
kullantyorduk? Yarim saat bile gitmiyordu hemen bitiyordu. Pil de ucuz degil sonugta
maliyet artirtyor ondan sonra da birakiyorsunuz bir koseye.”

[075] “...kullanimui kolay ¢ilinkii sadece anladigim kadariyla yalnizca tek isleri
yapabiliyor. Cizgi izliyor hem de renkleri se¢iyorsun siiriikliiyor bu kadar onun
disinda bir islev yapmiyor. Onun igin tek iste iirlinii daha kolay buluyorsun.”

[076] “Simdi ben mesela bu kitin benzerini ben kullanmistim bunu kullanmadim
ama burada gorselini goriiyorum bu kitin kullanimini yani sok, tak mantig1 vida,
kaynak maynak isi olmadig1 i¢in rahat dedigim gibi benzerini kullandim fakat
buradaki sorun su parcalar ¢ok kii¢ilik lego parcalarin 6zelligi hangi parcay1 tam
nereye takacaksin onun i¢in ¢ok zaman kaybediyorsunuz.”

[077] “Lego kadar kolay olmamali bir sey kolay olmali, Simdi birlestirme agisindan da
diyebiliriz buna kurma agisindan da diyebiliriz yani set up konusundan da bahsedebiliriz.
Simdi ¢ocugun karsisina boyle sayfalarca katalog koyup da bir seyleri birlestirip de
semadan maket olustur gibi olusturmasi giizel degil. Bu hem zorluk hem de kolaylik
agisindan degisken bir sey olmasi lazim.”

[078] ... adobe flash vard: iste genelde oyunlar hep onun iizerine gelistiriliyordu zor bir
dildi ve bu metinsel taban tek tek oturup aslinda klavyede yazmak gerekiyordu. Ciinkii bunu
cocuga ben o zamanlar hani derslerinde bunu anlatmaya calisirken bdyle yakaladigim
mesela 20 kisilik sinifta 3 6grenci oluyordu bu isi anlayabilecek ama suan "Scratch" diye
bir sey ¢ikt1 miithis bir sey veya Google ‘i "blockly" diye blok alt yapisi var siiriikle ve
birak kodlarini galigtirabildiginiz. .. Milat oldu aslinda programlama sadece klavyeden takir
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takir yazmaktan ziyade ¢ocuklar bunu siiriikliiyorlar ve yap boz pargalar1 gibi birlestirerek
o anda programin nasil calistigini gdrebiliyorlar.”

[079] “Cocuklara kolay kullanim olmast igin ¢ocugu birinci olarak
biktirmamasi,synthax’a ,kurallara ¢ok takilmamasi lazim. Cocuk yeni neslin yani
su anki neslin son bes senedir neslin cocuklarinda hemen sonuca gitmek
istiyorlar. Sanki yetiskin egitimi gibi bir sey yaptigi zaman onu hemen canli
gormek istiyor ve bir noktali virgiile takilmak istemiyor bilmiyorum anlatabildim
mi? Haliyle siiriikle birak, onla gel Scratch'te bunda siiriikle- birak seyler oldugu
icin ¢ok kolay ve tabi ki oyunlastirmadan bu ¢ocuklara bir sey veremiyorsun.”

[080] “Yazilim kismu1 gergekten bdyle, hani gordiigiim kadariyla boyle biraz daha zahmetli
bir i herkesin de yapabilecegi bir is degil herkesin de farkli bir yetenegi var. Sabir
gerektiren bir ig bir virgiil bir noktayr unutabiliyorsunuz ama siirikkle birak mantigi ile
calisan o robotlar biraz daha albenisi olan robotlar oluyor.Ciinkii kisi zaten tasarladig1 seyi
robotun davranisi aslinda onu gérmek istiyor. Yazma kismiyla pek ugragmak istemiyor
ama yine kendi yapmak istiyor blok olunca bu sefer ne yapiyor? Siiriikkle birak en son
iiriiniide rahat bir sekilde goriiyorsun o uzun ve mesakkatli olan yoldan kurtulmus
oluyorsun. O yilizden 6zellikle benim agimdan tercih sebebim o0.”

[081] “Burada tiretime yonelik egitim yapiyoruz. Bunlar1 destekleyecek ve bir sekilde ara
yiizlerinde kolayliklar saglayacak. Cocuklari ilk basta gordiikleri zaman tirkiitmeyecek.
Ara ylizleri kolay olmali ki algoritma mantigini 6nce algilayip daha sonra gelistirebilsinler.
Bir sekilde bir yerlere daha sonra gitsinler tabi ki sorun ¢ikartmayan robot veya robotlarla
bir sekilde ilerlerken her dakika sorunlar ¢iktigi zaman ¢ok biiyiikk problemler
yastyoruz.Robotlarda da sorun ¢ikmayan robot da yok neredeyse hepsinde bir sekilde
sikintilar yasiyoruz.”

[082] “... ¢ocuk sunu da hesaplamasi gerekiyor; Mesela robotunu ¢alistiracak
turnuvada masadaki robotunda buradaki denemelerinde gorevi basan ile
tamamliyor ama oraya gittiginde baglatirken bile diigmeye basarken bile daha
fazla basing uyguladiginda robot bir mili saniye belki ge¢ bagliyor. Cocugun bunu
da yasamasi gerekiyor ¢ilinkii bu sekilde biitiin olasiliklar1 ve riskleri dikkate
alarak yaziyor. Gergek hayatta da bdyle. Hayat her an karsina farkli riskler
c¢ikabilir ve onu gormesi a¢sindan da aslinda iyi ama yazilimsal sikintilar oluyor
karsilagilan en 6nemli sikintida bu diyebiliriz. Yazilimsal ara yiiz ile ilgili
sikintilar... ¢ocuklar agisindan daha boyle kullanici dostu ara yiiz ile ¢aligmak
baska bir sey birde daha zor yani zaten programlamay1 anlamalari zaman aliyor
birde olayn ara yiiziinde sikintilar yasarlarsa is daha zorlasiyor.”

[083] “Tamam robot ile etkilesim ara yiizde hani sdyle bir sey var hani kiigiik yasta
cocuklarda eger kullanmis oldugumuz ara yiizler biraz ingilizce terimler fazla ise bazen
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anlamakta zorluk cekebiliyorlar ama tabi bir de s0yle bir durum var bazi kodlama yapilarin
Tirkge karsiligi gok sagma oluyor ve ¢gocugun bunu iliskilendirirken aslinda mesela kendi
kafasindaki olan yapi ile o ingilizcedeki terim ¢ok farkli bir yapiya sahip bu yiizden bdyle
terimler arasinda bir sorunlar ¢ikabiliyor terimlerin yaninda ara ylizde diyebilecegim bu
olabilir yani anlasila bilirlik, kullanilabilirlik ve anlasila bilirlik”

[084 “... Code org’a bakarsak hem Ogretmene i¢in uygulama kitapgiglr veriyor hem
igerikleri icretsiz internet iistiinden ¢alisiyor herhangi bir kurulum yapilmasina gerek yok
bunun disinda Ogretmen hesabini rahatlikla acip Ogrencilerini takip edebiliyor...
dolayisiyla bu bir kodlamaya baslangi¢ i¢in 6nemli bir adim gayet de basarili buluyorum
oradan egitiminden gorsel 6zdeki yatkinlik aslinda bizim robotige gegisimizi kolaylastiran
bir sey simdi ondan tamamen zit bir seye gectiginiz zaman bu sefer zaman kaybetme
durumu s6z konusu robotu programlamak i¢in o yiizden Scratch vari ara yiizler daha
mantikl1 {lkokul kademesi igin konusursak”

[085] “Yani art1 eksi kismin1 bulmada ya da artist eksisi var m1 yok mu onu belirlemede
¢ok da biiyiik bir sikint1 degildi sadece biraz daha dikkatlice bakmak gerekiyordu. En basta
bizi sey yaparken sikint1 oluyor bazi sensorler simdi iki bacakli sensorler de sey belli artisi
eksisi ama mesela dort bacakli, bes bacakli sensorler var mesela iste bunlarin hangisi arti
bacak hangisi eksi bacak iste diger iki bacaklar ne ise yariyor iste bunlar konusunda ne
oluyor internetten arastiriyoruz mesela bazi durumlarda atiyorum 1s1 sensorii diye yaziyor.”

[086] “Yani dedigim gibi o gorsellerin bazen ¢ok agik olmamasi hem onlar1 da
etkiliyor ya da dogru parcay1 bulmakta sikint1 gekiyorlar bazen. Iginde hem gok
fazla parga var hani atiyorum mesela ultrasonik sensér diyorsun ona benzer bir
parca daha oluyor o senstre benzer bir parga daha oldugu zaman kafalari karisiyor,
ya da motorlar iki tane genis motor var large motor, medium motor var onda
sikinti yasiyorlar medium motor hangisiydi large hangisiydi bunda sikinti
yastyorlar ¢ok benziyor ikisi birbirine onlarda sikint1 yasiyabiliyorlar.”

[087] ““Ya bu tamamen ¢ocugun tamamen vakit gecirmesi ile alakali... benim i¢in de ayni
sikint1 vardi/ ¢iinkii ben de ilk seti aldigimda atiyorum bir robotu olusturmak {i¢ saatimi
almigti. Tanimiyordum pargalari. Atiyorum simdi ¢ok komplike bir sey degilse bir saat
icinde ya da 45-50 dakika i¢inde ((sumo?)) robotu yapip ortaya koyabiliyoruz. Tamamen el
becerisi. Yapa yapa aligmasi ve hakim olmakla alakali yoksa aldigimiz sette bir problem
yoktu...”

[088] “Ama goriiniis itibariyle “LEGO” kadar etkin bir egitim seti olabilecegini
disiiniiyorum. Renk yok tabi burada yine renklere takiliyorum ama renk yok
renk* ¢ocuklar i¢in dnemli ¢ilinkii ¢ocuk bunun Gniine bir kolye yapayim dese,
kolye de gri olacak, koporta da gri olacak”
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[089] “Biraz aligkanliklar ile ilgili yani kimisi tekerleri ¢ok seviyor. Kimisi beyinin
etrafindaki seylerden hoslantyor onunla ilgilenebiliyor. Burada bireysel faktérler oldugu
icin. Kisisel ilgi alanlar1 daha etkileyici oluyor. Renkler bile etkili olabiliyor. Renk bile
basli basina kirmizilart alacagim diyebiliyor ¢ocuklar yani iste beyazi alacagim renk bile
fark ettirebiliyor.”

[090] “Once oOgrencilere ben danistim ne yapalim ne edelim ¢ocuklar arabalardan
sikilmiglardi yani bir sey tasarlamistik biz ilk basta otokar tasarlamistik ¢ok ilgi gekici
gelmedi baslangicta sonra benim kullandigim bir kaynak vardi robot lego tasarimlari olan
oradan boyle en ilging olan bir tane se¢ip 0grencilere danistim bunu yapabilir miyiz?
Ogrenciler heyecanlandirdi, ¢iinkii degisik bir griiniim vardi. Gorsel olarak, dolayisiyla
ilgilerini ¢ekti sonra gruplara boliindiiler basta ¢ok hevesli olan arkadaslar zorlaninca
ayrilmak istediler”

[091] “robotun dis tasarimi da ¢ok hoslarma gitmeli yani ben kendi adima
sOyleyeyim biraz arabaya benzeyen robotlar 6grenci acisindan biraz sikici oluyor
bu mu robot diyor 6grenciler albenisi olmal1 dis goriiniisii giizel olmal1”

[092] “Biraz daha ara yiizii soguk duruyor robotun bence, (renkli varyasyonlar) bunlar daha
sevimli duruyor daha ¢ok dikkat ¢ekebilir egitim agisindan daha hani dedim ya kiz
ogrencilerde genelde uzak duruyor belki onlarinda dikkatini ¢ekebilir biraz daha sempatik
sicak gelebilir.”

[093] “Valla begendim ilk defa goriiyorum bunu dedigim gibi bdyle birazcik fotografta
oldugu gibi kiigiik yas grubundaki ¢ocuklarda ilgiyi ¢cekip devamini getirmesi agisindan
pozitif bir robot bence. Hani ¢iinkii okul 6ncesine sunu [mBOT’u gdsteriyor]| veremezsiniz
ya da ROBOTIS’1 veremezsiniz gel yapiyoruz diye ama kiiclik yaslar i¢in bence dikkat
cekmek acisindan/ yani yazilim nedir ne yaptirabiliyorum duygusunu olusturmak agisindan
begendim. Kiiciikten baglayip bir temel olusturulabilir bununla”

[094] “OZOBOTta ise kii¢iik yas grubunda yiiksek etkilesim saglanabilir ¢iinkii gorselligi
var* kiigiik yas grubundaki ¢ocuklarin bu robotla iyi etkilesim saglayacagini diisiiniiyorum
ama tabi ¢ok kisith seyler yapilabilecegini degerlendiriyorum. Renk tanima var gordiigiim
kadariyla. Kendi cesitli oyunlar sunuyor igerisinde. Bir miiddet sonra biter diye
diisiiniiyorum g¢ocuklar ¢iinkii hani bir oyuncag tiikketme olay1 var”

[095] “tasarimlar genelde bu yénde ya ¢ok sirin ya da ¢ok endiistriyel tam evet arada ¢ok giizel
robotlar ama daha yeni yeni oldugu i¢in tam sey yapmiyor tasarimi bol olabiliyor ve yahut
sekil olarak daha dogrusu aslinda hani ¢cok oyuncaksi veya endiistriyel degil de ortada bir
tasarimlar ortaya cikabilir”
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[096] buradaki temel hareket kanunlarini 6grenebilir mi ¢ocuk 6grenebilir evet ama ¢ok uzun
vadeli bir ¢alisma olamaz bu bir de dedigim gibi fazlaca almak gerekiyor ve bunlarda dijital
sarmal kullaniliyor veri aktarabilen ve bunlar ciddi sekilde sisiriyor maliyetleri ariza durumda
da ciddi bir maliyet getiriyor bize ve ariza yapma olasilig1 da yiiksek okulda kullandiginiz i¢in
bize daha rijit dayanikli robotlar lazim ariza durumunda da bizim onarabilecegimiz robot
kitleri lazim

[097] “Robot ile ilgili bu sikint1 yaganiyor ha mesela bu robotun bir pargast bozuluyor bu arada
salliyorum kolun seyi bozuluyor ve onun yedek pargcasin1 bulmam ¢ok zor oldugu i¢in yada
biitgem olmadig1 icin orada hemen konuyu degistiriyoruz yani hani o zaman da bu goérevi dyle
yapmayalim ya su gorevi degistiriyoruz diislin ya hani robotu degistirmediklerine gore gorevi
degistiriyoruz ¢iinkii robotun par¢asini bulamiyoruz”

[098] “...dengeli ve saglam olmasi igin dikdortgen prizmasi seklinde olmasi
gerektigini soylilyoruz. Kablolarinin diizenlenmesi, kablolarinin saga sola
takilmayacak sekilde kablo diizeninin iyi saglanmasi. Bataryalarinin degisebilir
sekilde tasarimda bataryaya ulasilabilir sekilde bir tasarim yapmak, bataryaya
erisimi diigiiniiyoruz. ...kumanda panelinin bize donik olmasina dikkat
ediyoruz,”’Lego” da 6nemli bu*. Tekeri kumanda paneline uygun yerlestiriyoruz.
Teker boyutunu teker ¢aplarimi yiiksek kullaniyoruz, daha hizli ve kisa siirede
daha ¢ok mesafe igin teker c¢aplari. Arka tekerlerde yalpalamayi Onleyecek
sekilde diizenliyoruz...”

[099] “sonu¢ kisminda bizim genelde yasadigimiz sorun su bu robotlarin enerji olayi enerji
¢ok gabuk bitiyor. Siirekli pil degistiriyorsunuz... Pil kullantyorsunuz, lipo kullaniyorsunuz
en biiylik sorun o idi hemen bitince yarida kaliyordu bu sefer is hi¢ bir anlami kalmiyordu”

[100] “Robot ile etkilesime yonelik, robot ile etkilesirken programi once
yaziyorlar. Robotun tasarimina gore ters ya da diiz olabiliyor. Robotun
tasariminda ters koyup programi sanki robot diizmiis gibi robotun yoniiyle ilgili
sorunu yasayabiliyorlar. Batarya seviyeleri, programi yapiyor ¢ocuk batarya
seviyesi diigilkken program calisiyor, batarya seviyesi yiiksek replikasiyla
calistirinca daha farkli sonuglar alabiliyorlar. Bu tarz sorunlar oluyor.”

[101] “mesela en biiyiik problem batarya problemlerimiz her bir seferinde
bataryanin bir saatlik kullanimi ile iki saatlik kullanimi veya bir dakikalik
kullanim1 ¢ok biiyiik farkliliklar gosteriyorlar bunlar optimize edilememis ve
edilemeyen ¢ok fazla sikintilar yasadigimiz konular ben ¢ok fazla yarismaya
katildigim i¢in bu yarigsmalarda en biiyiik sikintimiz batarya sikintisi batarya en
ufak bir yerde bir sey yaptigi zaman biraz distiigli zaman iiriin degerleri direk
sacmalayabiliyor hi¢bir sey yapmayabiliyor.”
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[102] “burada cok iyi ¢alistyor mesela robotlari oraya gidiyoruz sarj1 etkiliyor iste ne bileyim
baslatma sekli etkiliyor tam o cizgiden baslatmiyor ¢ok az bir sapma robotun hedefine
ulagmasina engel oluyor vs darken arkaplanda aslinda ¢ocuk biitiin bu duygulari ile bas etmeyi
Ogreniyor.

[103] “Ogrenciler gelmeden Once hani sadece orada zaman zaman sikinti
yasantyor yada yapiyorsun milimetrik ayarliyorsun hani 6grenciler gelmeden
once deniyorum ama ders sirasinda ufak bir sikinti ¢cikiyor o anda mesela olmuyor
o anda sikint1 yasanabiliyor 6grenciler tarafindan da etkili 6gretmen tarafindan da
etkili mesela ben renk sensorleriyle alistirma yaparken ortamin 15181 bile hani onu
etkileyebiliyor onun duracagi yeri yansimasindan dolayi etkileyebiliyor.”

[104] “en siiper sastigimiz dedim ya gercek hayatta stirtinmedir yerdeki tozdur
vs.dir bunlardan yola ¢ikarak ¢ocuk yazdig1 programin sonucunu goérmek istiyor
ama diyoruz ki ona bazen ¢aligmiyor aslinda algoritmasinda hi¢bir sorun yok ama
robotta ¢calismiyor beklenen sonuca varmiyor yada iste belli bir derece donmesini
istiyoruz O-botlarda iste onlar 6yle bir mantik gelistirmisler iste bir dakikada 360
derece doner diyor simdi 0 ¢ocuk 90 derece dondiirecek 0 zaman bir dakikanin
dortte birini almasi gerekiyor ama tam anlamiyla 90 derece donmiiyor bir takim
sapmalar oluyor o sapmalar1 goriince de aslinda robotun varmasini istedigi hedefe
ulagsmiyor tamam gercek hayatta bir takim seylerle karsilagiyor iste hava
kosullaridir tekerdeki tekerin yipranmisi robotun tekerinde bile etki eden seyler
bunu da gérmesi gerekiyor belki ama program mantiginda simiilatorde de o tarz
sorunlar vardi yani bir saniye cinsinden siire geliyor derece dakika cinsinden bir
takim seyler yapiyor iste programini yazarken hesaplamalar yapiyor ama o
hesaplamalarin ¢cok netyapmiyor”

[105] “her proje dogal olarak her robota da uygun olmuyor bdyle bir robotta yok zaten
olmasi da ¢ok fazla beklenemez zaten bu tip problemler yasaniyor en ¢cok gordiigiim benim
biz ara yiizle robot arasinda o iliskide ¢ok sikintilar yasayabiliyoruz ve de normal
programlarla da robotlar ¢cok koordineli ¢aligmiyorlar.”

[106] “Lise 6grencilerinin atolye calismasi ad1 altinda yaptigi dort saat alt1 saatte cok daha
iyi isler ¢ikabilir. Keyif alan 6grenciler kullanildiginda ama bizim ortaokul i¢in benim igin
risk hassas pargalar ya bunlar. Bizim ROBOTIS’le ilgili boyle bir sikintimiz yok. Yani o
islemci yere bile diisse ¢ok siikiir bir sey olmuyor. Hani ¢iinkii bunlari yere atiyorlar. Yerde
doviistlirelim diyorlar. Onu yapiyorlar hani kendim kullanmay1 ¢ok tercih etmedim boyle
bir sey problem yasamamak icin.”

[107] “devre elemanlarinin bozulmamasi ¢iinkii ondan ¢ok korkuyoruz burada simdi ¢iinkii
tam devreyi yaparken devre elemanlarim kopartacak, kiracak veya iste bozacak diye
diisiiniiyoruz ¢iinkii hani gene tam o sey yapilir telafisi yapilir ders esnasinda olmasi bizim
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icin ¢ok biiylik sikinti olur ders esnasinda onun telafisini yapamayiz orada bir devre
elemanin kiracak olsa veya parcay1 diisiirecek olsa bir sonraki derste telafi ederiz ama o
ders igerisinde o ¢ocugun o egitimi almas1 gerekiyor”

[108] “Kiiglik ¢ocuklarla ¢alistigim icin ¢iinkii bazen endiseleniyorum.
Pargalar/ ger¢i yutma gibi bir sey olmuyor ama bazen o kiigiik pargalari
birbirinden ¢ikarirken sokiiciisiinii kullanmiyor. Elini kullaniyor parga ¢ok
kiiclik oldugu i¢in tirnaginin arasina giriyor “ah elim acidi” diyor. Parca
biraz daha biiyiik olsa bunlar olmaz ama bu tamamen yas rubumla alakali
benim artik 6grendiler kendilerine ne kadar ((minimumda?)) az zarar
verecegini.”

[109] “Evet iste yani genelde iste ¢ocuklarin baglantilari nasil yapacagini yapmasi/ mesela
bazen oluyor burada onun da egitimini veriyoruz. Lehim yapmak mesela simdi baglantilari
yapacagiz. Cocuk kablolar1 birbirine baglayacak ama nasil baglayacak? Bir lehim
O0grenmesi lazim. Onlarda birazcik sey/ daha once hi¢ yapmamislar, lehim nedir
bilmiyorlar. Birazcik 6grenmelerine burada biraz 6grenmeleri i¢in zaman gegiyor. Bazen
iste ellerini yakiyorlar korkuyorlar falan. O tarz seyler olabiliyor.”

[110] “...¢ocuk lehim yapmak istemiyor Ortaokul ¢ocugu lehim yaparsin ama
yapmamalisin yani saglikli bir kisisel giivenlik olarak is giivenligi olarak saglikli bir
alan olmuyor o kadar da endiistriyel olmamali sdyleyebilecegim bu...bir set vardi
cocuk genel olarak elektronik parcalarin kavramlarini ve iste gorevlerini anliyordu ve
bunlar1 miknatisla birlestirdigi i¢in hi¢ lehim falan yapmay1p birlestiriyordu ama sadece
hazir olan seyleri elektronik devre lizerinden iste verilen sablonlari yapiyor ¢gocuk nesil
cok aragtirip ¢ok iiretime yonelmiyor o tasarimda onu ona yoneltmiyor”
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APPENDIX B

INFORMED CONSENT FORM

This study is conducted by graduate student Cengiz Hakan Gtirkanli, Asst. Prof. Dr.
Giilsen Tore Yargin, and Research Assistant Asli Giinay and is a part of the METU
Industrial Products Design Department ID531 Methods of User Research course.
This form is designed to inform you about the research.

What is the aim of the study?

The study aims to understand the needs and expectations of educational robot Kits
used in K-12 education from the perspectives of educators. The information gained
will be useful in improving robot interaction and in designing new robot interactions.

What you need to know about participating:

Participation in this study is entirely voluntary. Data will be collected by voice
recording during the study. You can abandon the study at any time.

If there are questions that you do not want to answer during the survey, you may not
respond.

Data collected in the research and identity information will not be matched in any
way, and the research results in publications will be presented anonymized. Only the
researchers and course instructors will be able to reach the collected data. The results
of this research may be used for scientific and professional publications or for
educational purposes, but the identity of the respondents will be kept confidential.

If you would like to learn more about the research:

You can send your questions and comments about the study to the researchers:
hakan.gurkanli@metu.edu.tr, tore@metu.edu.tr, and agunay@metu.edu.tr.

I have read the above information and participate in this study entirely
voluntarily.

(Once you complete and sign the form, give it back to the practitioner).

Name Date

Signature
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ARASTIRMAYA GONULLU KATILIM FORMU

Bu ¢alisma ODTU Endiistri Uriinleri Tasarimi1 Boliimii ID531 Kullanici Arastirmasi
Yontemleri (Methods of User Research) dersi kapsaminda yiiksek lisans 6grencisi
Cengiz Hakan Giirkanli, Yrd. Dog. Dr. Giilsen Tore Yargin ve Ar. Gor. Asli Giinay
tarafindan yiiriitiilmektedir. Bu form sizi arastirma hakkinda bilgilendirmek igin
hazirlanmistir.

Cahsmanin Amaci Nedir?

Calisma, K-12 egitiminde kullanilan egitim robot kitlerine iliskin ihtiyag ve
beklentileri egitimciler perspektifinden anlamay1 amaglamaktadir. Edinilen bilgi
robot etkilesiminin iyilestirilmesinde ve yeni robot etkilesimlerinin tasarlanmasinda
fayda saglayacaktir.

Katiiminizla ilgili Bilmeniz Gerekenler:

Bu caligmaya katilmak tamamen goniilliiliikk esasina dayalidir. Calismada ses kaydi
ile veri toplanacaktir. Istediginiz anda ¢aligmay1 birakabilirsiniz. Arastirma esnasinda
cevap vermek istemediginiz sorular olursa cevap vermeyebilirsiniz.

Arastirmada toplanan veriler ve kimlik bilgileri herhangi bir sekilde
eslestirilmeyecek, arastirma sonucu yapilacak olan yayinlarda bilgi
anonimlestirilerek sunulacaktir. Toplanan verilere sadece arastirmaci ve ders
yiiriitiictileri ulasabilecektir. Bu arastirmanin sonuglari bilimsel ve profesyonel
yayinlarda veya egitim amacl kullanilabilecek, fakat katilimcilarin kimligi gizli
tutulacaktir.

Arastirma ile ilgili daha fazla bilgi edinmek isterseniz:

Caligsma ile ilgili soru ve yorumlarinizi arastirmacilara
hakan.gurkanli@metu.edu.tr tore@metu.edu.tr ve agunay@metu.edu.tr adreslerinden
iletebilirsiniz.

Yukaridaki bilgileri okudum ve bu calismaya tamamen goniillii olarak
katihlyorum.
(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Isim Soyad
Imza

—
a5
=
=
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APPENDIX C

INTERVIEW QUESTIONS

The research questions are aimed at creating design criteria for improving and
enhancing robot interaction in robot-based education applications.

QUESTIONS AIMED AT THE TEACHER

1. How long have you been teaching for?

2. Which branch or branches do you teach?

3. How long have you been personally using robotic applications? In which
branches do you use it.

4. How long have you been using robots for education? Egitimde (baska) hangi
dallarda kullaniyorsunuz?

5. Have you got any training on robots? What kind of training have you got?
What was the scope of the training?

6. What type of robots did you use? Did you choose these robots? If so, why?

7. What pieces of software do you use for the training process? Did you choose
these pieces of software? If so, why?

QUESTIONS AIMED AT EDUCATION

8. According to you, how should a robot, used for training purposes, be?

9. For what purposes do you use robots in the training process? Why?

10. Apart from what you mentioned, what other purposes can robots (robotic
applications) be used for? (In which situations can robotic applications be
used when educational purposes are considered?)

11. What are the benefits of using robots in education for students?

a. What are the educational benefits? Why?

b. What are the developmental benefits? Why?

c. What are other benefits? (are there any other benefits that come to
mind except educational and developmental benefits? If so, what?)
Why?

12. What are the problems or deficiencies that you encounter when using robots
for training? Why?

QUESTIONS AMIED AT THE PROJECT

Could you give an example of one of the most typical projects you carry out? Let's
discuss the questions that | will ask now with this project in mind.

13. What educational aims did you set when you created the project?
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14. Could you describe the project process? Did you have a plan? Could share it
with me? (If not: Would you describe the steps of the process? —Let’s write
together- Step 1: ... ) On the steps (for each stage):

a. What kind of problems do you have in interact with the robot at this
stage? Why? (Why do you think these problems arise?) Do you have
any suggestions for improving/ enhancing this interaction?

b. What kind of problems do the students have at this stage in
interacting with the robot? Why? (Why do you think these problems

arise?) Do you have any suggestions for improving/ enhancing this
interaction?

COMPARISON OF ALTERNATIVE ROBOT SYSTEM DESIGNS

15. Now let's talk about alternative robot designs that I will show you. (For each
alternative)

a. What do you think about this?

b. What can be the benefits be for education?

c. When you compare it with what you use, what are the positive aspects
of this alternative in terms of robot interaction? What are the negative
aspects?

d. What are the positive aspects of this alternative, in terms of robot
interaction, when compared to others? What are the negative aspects
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ROPORTAJ SORULARI

Arastirma sorulari, robot ile egitime dayali uygulamalarda, robot etkilesiminin
gelistirilip iyilestirilmesine yonelik tasarim kriterleri olugturulmasini
amaclamaktadir.

OGRETMENE YONELIiK SORULAR

1.
2.
3.

Ne kadar siiredir 6gretmenlik yapiyorsunuz?

Hangi dalda veya dallarda egitim veriyorsunuz?

Kisisel olarak ne kadar siiredir robotik uygulamalar kullaniyorsunuz? Hangi
dallarda kullantyorsunuz?

Ne kadar siiredir egitim i¢in robot kullaniyorsunuz? Egitimde (baska) hangi
dallarda kullaniyorsunuz?

Robotlar ile ilgili herhangi bir egitim aldiniz m1? Ne gibi egitimler aldiniz?
Egitimin kapsami nedir?

Hangi tip robotlar1 kullandiniz? Bu robotlar1 siz mi tercih ettiniz? (Ettiyseniz)
neden?

Egitim siirecinde hangi yazilimlardan faydalaniyorsunuz? Bu yazilimlari siz

mi tercih ettiniz? (Ettiyseniz) neden?

EGITIME YONELIK SORULAR

8.
9.

10.

11.

12.

Sizce egitim amacli kullanilacak bir robot nasil olmali?
Egitim siirecinde robotlar1 hangi amaglarla kullaniyorsunuz? Neden?
Bahsettikleriniz disinda robotlar (robotik uygulamalar) sizce bagka hangi
amaglarla kullanilabilir? (Egitim amaglar1 goz oniinde bulunduruldugunda
hangi durumlarda robotik uygulamalar kullanilabilir?)
Egitim i¢in robot kullaniminin 6grencilere sagladig: faydalar nelerdir?

a. Egitimsel faydalar1 nelerdir? Neden?

b. Gelisimsel faydalari nelerdir? Neden?

c. Diger faydalar nelerdir? (egitimsel ve gelisimsel faydalar diginda

akliiza gelen baska faydalar var m1? Varsa nelerdir?) Neden?

Egitim i¢in robot kullanimda karsilastiginiz sorunlar veya eksikler nelerdir?

Neden?
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PROJEYE YONELIK SORULAR

Yiiriittigliniiz projelerden en tipik olanlar birinden 6rnek verebilir misiniz? Simdi
soracagim sorulari bu projeyi diisiinerek tartigalim.

1. Projeyi olustururken ne gibi egitim amaclari belirlemistiniz?
2. Proje siirecini tarif edebilir misiniz? Buna iliskin benimle paylasabileceginiz

bir planiniz var miydi? (Yoksa: Siire¢ adimlarini tarif eder misiniz? —Birlikte

Asamalar iizerine (her asama igin):
a. Buasamada robot ile etkilesime yonelik ne gibi problemler
yastyorsunuz? Neden? (Sizce bu problemler neden kaynaklantyor?)
Bu etkilesimi gelistirmeye/iyilestirmeye yonelik onerileriniz var mi?
b. Ogrenciler bu asama robot ile etkilesime yonelik ne gibi problemler
yastyor? Neden? (Sizce bu problemler neden kaynaklaniyor?) Bu

etkilesimi gelistirmeye/iyilestirmeye yonelik 6nerileriniz var m1?

ALTERNATIF ROBOT SiSTEMi TASARIMLARININ
KARSILASTIRILMASI

1. Simdi bir de size gisterecegim alternatif robot tasarimlart iizerinde
konusalim.
(Her alternatifigin)

a. Bunun hakkinda ne diistiyorsunuz?

b. Egitim igin faydalari neler olabilir?

C. Kendi kullandiginizla karsilagstirdiginizda, sizce bu alternatifin robot
etkilesimi agisindan olumlu yanlari nelerdir? Olumsuz yanlari
nelerdir?

d. Digerleri ile karsilastirdiginizda, sizce bu alternatifin robot etkilesimi
acgisindan olumlu yanlar: nelerdir? Olumsuz yanlari nelerdir?
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APPENDIX D

ROBOTIS|STEM KIT]
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