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a b s t r a c t

Shaping children's experience, enhancing their imagination and affecting their behaviors, toys have great
importance. Recently, toys have gained a digital characteristic and many children have tended to use
them. For this reason, educational magic toys (EMT) were developed with augmented reality technology
in this study. It is called as EMT because virtual objects such as story animations, 3D objects and flash
animations appear on the toys. EMT has included puzzles, flash cards and match cards to teach animals,
fruits, vegetables, vehicles, objects, professions, colors, numbers and shapes for average 5e6 age children
in Early Childhood Education. The aim of this study is to reveal teachers' and children's opinions on EMT,
to determine children's behavioral patterns and their cognitive attainment, and the relationship between
them while playing EMT. Mix method was used and the sample consisted of 30 teachers and 33 children
aged 5e6 in early childhood education. As data collection tools, a survey, an observation and interview
form were used. This study revealed that teachers and children liked EMT activity. In addition, children
interactively played with these toys but not had high cognitive attainment. From this point, we can say
that these toys can be effectively used in early childhood education. However, collaborative and inter-
active learning with these toys should be provided. Moreover, this study will provide an important
contribution, present a new educational AR application, and fill the gap in the educational technology
field.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Playing is an essential part in children's development (Hinske,
Langheinrich, & Lampe, 2008) and it always been considered to
be of primary importance for children's learning. Therefore, early
childhood curriculums provide opportunities for children to play
and interact with toys (Yelland, 1999). The relationship between
play and learning is proved by researchers, practitioners and par-
ents. Especially integrating new technologies to learning environ-
ments bring some benefits for children (Plowman & Stephen,
2005). For example, it enhances the educational value of chil-
dren's play (Hinske et al., 2008) and enables physical objects to be
seamlessly connected to virtual content (Yelland, 1999). Combining
physical and virtual worlds such as traditional games and interac-
tive computer games is very beneficial for children (Hinske et al.,
2008). So, the nature of the concept of “toy” has changed consid-
erably over the last decades (Yelland, 1999).
revi@gmail.com.
Recently, many children have tended to use computer-mediated
toys (Kara, Aydin, & Cagiltay, 2012b) and spent a great deal of time
playing with them (Johnson & Christie, 2009). Shaping children's
experience, enhancing their imagination and affecting their be-
haviors, toys have great importance for them (Kara, Aydin, &
Cagiltay, 2012a; Kara et al., 2012b; Klemenovi�c, 2014). Equipped
with computers, digital materials and other smart technologies,
toys called as “smart toys” have gained a digital characteristic.
Smart toys have some advantages as they integrate multimedia
materials in traditional toys (Kara, Aydin, & Cagiltay, 2013).
Enriching their play with providing them a more creative envi-
ronment is one of their advantages. Another one is to increase
fantasy play and to enhance interaction (Lampe & Hinske, 2007;
Kara et al., 2013). Combining physical and virtual realities, they
also providemixed reality (Kara et al., 2013; Lampe&Hinske, 2007;
Stapleton, Hughes, & Moshell, 2002). Besides these advantages,
toys can be used for educational aims. In particular, early childhood
educators should be aware these educational potential, context for
learning and social aspects of play (Yelland, 1999). A toy-based
learning environment can provide physical interaction between
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toy and children. According to Lampe and Hinske (2007), the ideal
learning experience comes from the combination of physical
experience, virtual content and the imagination of the child. In
addition, learners can use the toy's abilities according to educa-
tional aims (Kara et al., 2012b). Some researches on educational
toys have been conducted in the literature. For example, Demir and
Sahin (2014) studied the scientific toys used to teach physics,
chemistry and biology concepts. They evaluated the toys according
to scientific creativity. Kara et al. (2012a; 2013) developed smart toy
for storytelling activity and examined storytelling skills, creativity
and narrative activities. Both of studies showed positive effects of
toys on their depended variables. However, there are few studies on
howchildren play with these toys (Johnson& Christie, 2009). These
smart toys facilitate child's social skills (Hinske et al., 2008).
Moreover, limited researches on integrating multimedia and new
technologies on traditional toys have been conducted. Some re-
searchers developed augmented toys for children integrating
multimedia tools on traditional toys, but not using AR technology
(Hinske et al., 2008; Marco, Cerezo, & Baldassarri, 2010). In this
study, we integrated 3D models, animations and videos on tradi-
tional toys by means of augmented reality (AR) technology.
Therefore, this study will provide an important contribution, pre-
sent a new educational AR application, and fill the gap in the
educational technology field.

AR can be defined as taking its' three properties into consider-
ation: combining the real world with virtual worlds, providing
interaction, and presenting three dimensional (3D) objects (Azuma,
1997). AR provides both virtual and real world simultaneously to
users. Although virtual worlds have several advantages like 3D
avatar, rich communication channels and rich interaction (Zhang,
Ord�o~nez de Pablos, & Zhu, 2012; Yilmaz, Baydas, Karakus, &
Goktas, 2015), real world experiences give valuable opportunities.
Especially, appearing of 3D objects in real world creates a magical
feeling causing a high degree of surprise and curiosity (Bujak et al.,
2013). In addition, texts, images, videos and animations as well as
3D models can be used for educational AR applications. These
characteristics of AR make it affective (Wang, Kim, Love, & Kang,
2013). Several AR researches have been done in various education
fields (See in Fig. 1). AR technology also provides numerous
educational benefits (See in Table 1). Bacca, Baldiris, Fabregat, Graf
and Kinshuk (2014) reviewed educational AR applications. Ac-
cording to their results, most of the studies on AR in educationwere
performed in higher education settings. Moreover, the target group
such as children in early childhood education should be explored
for the uses of AR in future. Besides, no study on educational toys
developed with AR has been encountered in the literature. Also,
while the potential of learning when playing computer games has
already been extensively explored, learning in mixed reality envi-
ronments such as AR has not been investigated yet (Hinske et al.,
2008). Therefore, we focus on children in early childhood educa-
tion and their play with educational magic toys (EMT) developed
with AR in this study.

1.1. Significance and rationale of the study

New technologies make valuable contributions to educational
technology field and researchers have been explored their effects
on students' effective learning and they have focused on “How can
modern software technologies support ubiquitous effective
knowledge and learning management solutions?” (Lytras &
Ord�o~nez de Pablos, 2011). Therefore, designers have developed
some online educational contents. However, they have not
captured the users' attentions for a long time because they are or-
dinary and boring. Besides, Wood and Bennett (1997) stated that if
playing provides valuable contribution to learning environments, it
should also add valuable contributions for teaching. From this point
of view, EMT providing opportunities for teaching has been
developed for children so that they interactively learn and have fun.
Interacting with toys is important in child development
(Butterworth & Harris, 1994 cited in Kara et al., 2012b). If rich and
proper interactions are not realized between children and toys,
these technologies may make children passive. As we know, AR
enables children to interact and provides rich interaction (Azuma,
2004; Bujak et al., 2013; Ivanova & Ivanov, 2011; Kerawalla,
Luckin, Selijefot, & Woolard, 2006; Wojciechowski & Cellary,
2013; Wu, Lee, Chang, & Liang, 2013). However, determining how
children interact with toys and which behavioral act is important
relates to deeper examination in interactions with AR. Especially,
children's behaviors with digital toys are important because they
provide self-motivation and lead them to learn about the world
(Johnson & Christie, 2009). For this, behavior pattern analyses for
AR applications have been performed in the literature (Chang et al.,
2014; Cheng & Tsai, 2014a, 2014b; Lin, Duh, Li, Wang, & Tsai, 2013).
Behavioral patterns enable us to understand the interactions in
depth and lead educators to conduct environments (Hou & Wu,
2011). Furthermore, they allow us to understand how instruc-
tional strategies can be embedded in our environments (Hou,
2012). Therefore, we examine children's behavioral patterns
while playing EMT. On the other hand, interaction with toys sup-
ports children's cognitive processes. Lin et al. (2013) suggested that
further studies for understanding the user's experience and
knowledge construction processes in AR application should be
carried out (Bacca et al., 2014). From this viewpoint, we also
determine children's cognitive attainment while playing EMT.
Especially, Cheng and Tsai (2014b) study was grounded on deter-
mining the variables of behavioral pattern and cognitive attain-
ment for different educational AR applications.

Lastly, we determine teachers' opinions about using EMT in
education. According to the literature, teachers should know how
to maintain a balance between traditional and new digital toys and
should become more sophisticated about digital toys (Johnson &
Christie, 2009). In addition, the choice of using a technology for
education depends on teachers' access and acceptance of the
technology. Therefore, we care their opinions in terms of technol-
ogy acceptance model (TAM). Therefore, this study will examine
the following research questions:

� What are early childhood education teachers' opinions about
EMT in terms of TAM?

� What are children's opinions on EMT activity?
� How do children behave and interact with each other during
EMT activity?

� What is the cognitive attainment of children when engaging in
EMT activity?

� What are the relationships between their behaviors and cogni-
tive attainment?

2. Method

2.1. Research design

In this study, triangulation method, one of the mix method, was
used. While teachers' opinions about EMT and children's behavioral
patterns were examined by quantitative methods, children's cogni-
tive attainment and opinions were revealed by qualitative methods.

2.2. Sample

Sample consisted of all female teachers (N ¼ 30) and children
(N¼ 33) aged 5e6 including 15 boys and 18 girls in Early Childhood



Fig. 1. Ar researches in some educational fields.

Table 1
Educational Benefits of AR applications.

Educational benefits References

Enhancing attention O'Brien and Toms (2005); Sumadio and Rambli (2010)
Providing attractive and effective

learning
Dünser and Hornecker (2007); Lester et al. (1997); Oh and Woo (2008); Wojciechowski and Cellary (2013); Zhou, Cheok and Pan
(2004)

Enhancing motivation O'Brien and Toms (2005); Sumadio and Rambli (2010); Serio, Ib�a~nez and Kloos (2013)
Enriching interaction Azuma (2004); Bujak et al. (2013); Kerawalla et al. (2006); Ivanova and Ivanov (2011); Wojciechowski and Cellary (2013); Wu

et al. (2013)
Facilitating learning Ivanova and Ivanov (2011); Nú~nez, Quiros, Nú~nez, Carda, and Camahort (2008)
Enhancing engagement Bujak et al. (2013); Ivanova and Ivanov (2011)
Providing cooperation Yuen, Yaoyuneyong, and Johnson (2011)
Triggering creativity Klopfer and Yoon (2004); Yuen et al. (2011); Zhou et al. (2004)
Developing imagination Klopfer and Yoon (2004); Yuen et al. (2011)
Enhancing spatial ability Bujak et al. (2013); Cheng and Tsai (2012); Wojciechowski and Cellary (2013)
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Education in Turkey. Convenience sampling method was used for
this study because we selected accessible and voluntary teachers
and their students.
2.3. Educational magic toys

EMT has included puzzles, flash cards and match cards to teach
animals, fruits, vegetables, vehicles, objects, professions, colors,
numbers and shapes for average 5e6 age children in Early Child-
hood Education. EMT's differences from other toys are to integrate
multimedia materials on toys and to provide magical sense by
means of AR technology. Aim of using the flash cards is to teach a
concept in these categories and to see its 3D views. Aim of using the
match cards is to teach matching two concept like an animal and its
color or an object and its shape. Lastly, aim of using the puzzle is
permanent learning providing a story about picture of what will be
taught on puzzle. It is called as EMT because virtual objects such as
story animations, 3D objects and flash animations appear on toys
with AR technology. In the designing process, firstly printed ver-
sions of toys were designed. Then, according to the printed designs,
story animation for puzzle, 3D objects for flashcards and flash an-
imations for match cards were developed. Lastly, AR technology
was integrated in these toys by Metaio Creator Program. Playing
with printed toys and then using AR technology with tablets or
computers were the major aims of these toys. Some printed ma-
terials were presented and a video about the samples of the
implementation was added in QR code in Fig. 2.
2.4. Research process

Before implementation, researchers firstly explained to children
how to use EMT. Then each child played with toys freely and then



Fig. 2. Samples of EMT.
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watched the multimedia materials on the toys by using computer
or tablet with their own teacher (See Fig. 3). Children could ask
teachers some questions. Similarly, teacher could direct them. The
mean of playing time was approximately 25 min
(Mflashcard ¼ 5 min, Mmatch cards ¼ 7 min, Mpuzzle ¼ 13 min). All
playing process was videotaped for behavioral pattern analysis.
After implementation, each child was interviewed to reveal their
cognitive attainment and opinions on the toys. Because children
could not write, structured interview method was preferred. In
addition, all teachers were interviewed to determine their opinions
about EMT.
2.5. Data collection tools

In this study, three data collection tools were used. For teachers,
5 Likert type survey including their opinions about EMT according
to the TAM was conducted. Four factors selected from Teo (2009)
survey according to research aim as perceived usefulness,
perceived ease of use, behavioral intention and attitudes toward
using EMT and 11 items were used. Reliability analyses were
determined and Cronbach's Alpha value was .81 for this study. For
children, an observation form and an interview form were used.
The observation form was prepared according to Cheng and Tsai
(2014b) study to understand their behavioral patterns. Their form
had parents' narrating, children's reading behaviors and in-
teractions with books and AR elements. For this study, related
major behaviors were selected as children's behaviors of operating
Fig. 3. Some Photos
EMT and children's interaction-oriented behaviors regarding the
AR elements. All observations were made on video records
captured children play with EMT. Cronbach's Alpha value was .83
for this study. The interview form had four questions to examine
their opinions and cognitive attainment of playing EMT. Detailed
information about all data collection tools is stated in Table 2.
2.6. Data analyses

Teachers' and children's opinions were analyzed by descriptive
method (frequencies, mean and standard deviation). Children's
behavioral patterns were observed via observation form. In obser-
vation process, researcher firstly observed all children behaviors
and then checked out again and corrected all data to provide reli-
able results. Each observed behavior was noted in the form andwas
counted from video records. Their counts, percentages and stan-
dard deviations were analyzed descriptively. The moment when
they engaged with toys, children's cognitive attainments were
determined via two interview questions. Each question was
analyzed within two categories as appearance description and
extensive description. If a child simply described what he had seen,
it was evaluated in appearance description. For example a chil-
dren's statement as “I saw a car. Its color was blue.” was coded as
two frequency counts in the appearance description category. If a
child stated own thoughts, imagination and comments, it was
counted for extensive description. For instance, a child said “I think,
police man on flashcard is very strong like my father.”was counted as
of EMT Activity.



Table 2
Selected items from literature for each data collection tool.

TAM Survey Teachers' opinions (Teo,
2009)

Perceived usefulness Using EMT will improve my work.
Using EMT will enhance my effectiveness.
Using EMT will increase my productivity.

Perceived ease of use My interaction with EMT is clear and understandable.
I find it easy to get EMT to do what I want it to do.
I find EMT easy to use.

Attitude toward using EMT EMT makes work more interesting.
Working with EMT is fun.
I look forward those aspects of my job that require me to use EMT.

Behavioral intention to Use I will use EMT in the future.
I plan to use EMT often.

Observation
Form

Behavioral pattern (Cheng
& Tsai, 2014b)

Children's behaviors of operating EMT Controlling The child controls the operation of EMT.
Turning The child turns the mobile device/web camera or EMT to view the

different dimensions of the AR elements.
Inspecting The child inspects the AR elements and tries to touch it.

Children's interaction-oriented behaviors
regarding the AR elements

Pointing The child points at the details of the AR elements.
Commenting The child makes comments on the AR elements.
Questioning The child asks questions about the AR elements.
Responding The child responds to the teacher's questions or comments on the AR

elements.
Repeating The child repeats the teacher's additional information regarding the

AR elements.
Interview

Forms
Children's opinions 1 Do you like EMT? Why? Can you explain it?

2 Which toys mostly attract you? Can you tell me why it is?
Cognitive attainment
(Cheng & Tsai, 2014b)

3 What AR elements did you see on these toys? Can you describe their appearance? Do they have any distinguishing features?
4 Do you have any other thoughts about the content presented by EMT? For example, the story you havewatched, the details of

the toys you have seen, or any interesting things that you want to share with us.

Table 4
Teachers' opinions about EMT.

Survey's factors N Mean SD

Attitude toward using EMT 30 4.70 .37
Behavioral Intention to Use 4.33 .40
Perceive Usefulness 4.30 .56
Perceive Ease of Use 3.96 .99
Total 4.32 .42
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one frequency counts in extensive description category. Lastly,
correlation test was conducted to understand the relationships
between their behaviors and cognitive attainment. As a result of
abnormal distribution of data, Spearman Correlation test was used.
To ensure the reliability and validity of the study, two instructional
technology experts checked all research process. In addition, all
data collection tools were selected from literature. Analyses of
cognitive attainment as well as behavioral pattern analyses was
performed by the researcher twice. Detailed information about
data analyses according to the research questions is presented in
Table 3.
3. Findings

3.1. Teachers' and children's opinions about EMT

In the present study, teachers' and children's opinions about
EMT activity have been determined respectively. Firstly, we asked
30 teachers depending on their age group and their positive or
negative attitudes towards EMT activities. All teachers liked this
activity (f ¼ 30) and they said the toys were used in 4e6 age group
(f¼ 25). Whenwe examined their opinions in detail, their attitudes
toward these toys had the highest value (M ¼ 4.70, SD ¼ .37). Their
general attitudes were positive (M ¼ 4.32, SD ¼ .42) and they
Table 3
Data analyses methods for each research question.

Research questions Data coll

1. Research question (Teachers' opinions) TAM Sur

2. Research question (Children's opinions) Interview

3. Research question (Children's behaviors) Observat

4. Research question (Children's cognitive attainment) Interview

5. Research question (Relationships between children's behaviors and
cognitive attainment)

Observat
Tsai, 201
perceived them as useful (M ¼ 4.30, SD ¼ .56) and easy to use
(M ¼ 3.96 SD ¼ .99). Detailed information are presented in Table 4.

Next, we examined children's opinions about these toys. They all
like them (f ¼ 33) especially flashcards and puzzles. While some of
them preferred magic puzzles because they liked stories, puzzles
and big toys, the rest preferred flashcards because 3d objects
appeared on cards and they seemed as if they were real and
magical. In addition, they stated that toys' reality and animation
preferences, and magical and funny effects made them attractive.
Detailed explanations are presented in Fig. 4.
3.2. Children's behaviors and interactions during EMT activity

In the present study, children's behaviors for EMTwere analyzed
with video recordings. All codes and their percentages are listed in
ection tools Data analyses methods

vey (Teo, 2009) Descriptive analyses (Quantitative
analyses)

form Content analyses (Qualitative
analyses)

ion Form (Cheng & Tsai, 2014b) Descriptive analyses (Quantitative
analyses)

Forms (Cheng & Tsai, 2014b) Descriptive analyses (Qualitative
analyses)

ion Form and Interview Forms (Cheng &
4b)

Correlational analyses (Quantitative
analyses)



Fig. 4. Children's opinions about EMT.

Table 6
Count of codes for children's cognitive attainment (N ¼ 33).

Cognitive attainment Total count Mean SD Max Min

Appearance description 152 4.61 2.74 10 1
Extensive description 48 1.45 1.14 4 0
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Table 5. Totally 2265 behaviors were counted. Children pointed at
the details of EMT mostly (Count ¼ 371, 16.38%). In addition, they
responded to teachers (Count ¼ 347, 15.33%), inspected AR ele-
ments (Count¼ 345, 15.23%) and turned toys (Count¼ 326, 14.39%)
while playing with them. That is, children preferred mostly point-
ing, responding and inspecting behaviors during EMT activity.
Children's behaviors of operating EMT (Count ¼ 958, 42.30%) was
relatively low compared to children's interaction-oriented behav-
iors regarding the AR elements (Count ¼ 1307, 57.70%).
3.3. Children's cognitive attainment during EMT activity

Children's cognitive attainments after playing with EMT were
determined via interview responses. Totally 200 codes were
revealed in terms of two category as appearance and extensive
description. The findings showed that there were 152 codes in the
category of appearance description to describe the appearance of
the AR elements. On the other hand, therewere only 48 codes in the
category of extensive description to describe them by using their
imagination. This can be explained that children's appearance
description (M ¼ 4.61, SD ¼ 2.74) were better than their extensive
Table 5
Count of codes for their behaviors (N ¼ 33).

Behaviors descriptions

Behaviors CIAR (Pointing, commenting, questioning, responding, repe
COMT (Controlling, turning, inspecting)
Total numbers of behaviors
Pointing at the details of EMT
Responding to the teachers' prompts
Inspecting the AR elements
Turning EMT
Children control EMT
Repeating teachers' additional information
Commenting on EMT
Questioning about EMT
Total numbers of behaviors

CIAR: Children's interaction-oriented behaviors regarding the AR elements.
COMT: Children's behaviors of operating EMT.
description (M ¼ 1.45, SD ¼ 1.14). Related findings are presented in
Table 6.
3.4. The relationships between children's behaviors and cognitive
attainment

In this study, relationships between children's behaviors and
cognitive attainment were examined through Spearman correla-
tion analyses and results are revealed in Table 7. All behaviors as
well as two categories of them (CIAR and COMT) and 2 description
categories of cognitive attainment were included in correlation
analyses. According to the results, both appearance and extensive
description were related to their behaviors. While behaviors of
pointing (r ¼ .40, p < 0.05), responding (r ¼ .43, p < 0.05) and
Count SD Percentage

ating) 1307 22.98 57.70
958 16.10 42,30

2265 35.82 100%
371 9.59 16.38
347 8.55 15.33
345 6.38 15.23
326 6.29 14.39
287 5.79 12.68
248 5.14 10.94
222 5.50 9.80
119 3.43 5.5

2265 35.82 100%



Table 7
The correlations between Children's behaviors and cognitive attainment (N ¼ 33).

Appearance description Extensive description

CIAR .37* .50**

COMT .43* .16
Pointing .40* .32
Commenting �.01 .66**

Questioning .01 .66**

Responding .43* .33
Repeating .19 .24
Controlling .31 .27
Turning .42* .14
Inspecting .20 .30

**p < 0.01, *p < 0.05.
CIAR: Children's interaction-oriented behaviors regarding the AR elements.
COMT: Children's behaviors of operating EMT.
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turning (r ¼ .42, p < 0.05) were related to appearance description,
extensive description had relationships with their behaviors of
commenting (r ¼ .66, p < 0.05) and questioning (r ¼ .66, p < 0.05).
Lastly, we can say that while CIAR was related to both appearance
description (r ¼ .37, p < 0.05) and extensive description (r ¼ .50,
p < 0.05), COMT were only related to appearance description
(r ¼ .43, p < 0.05).
4. Discussion

In this study, teachers' and children's opinions on EMT were
determined. Children's behavioral patterns and their cognitive
attainment while playing EMT and relationship between them
were also examined. Our results showed that all teachers and
children liked them. Teachers had a high level of positive attitude
toward EMT and perceived them as useful. When a new technology
is integrated in education, teachers' positive opinions is important.
If a teacher accepts the new technology, they will always want to
use it and maintain their intention to use it in the future (Teo,
2009). Individuals' inner judgment is also important to adopt
new technology. When they especially perceive the technology as
easy and useful, their attitude will be positive (Venkatesh, Morris,
Davis, & Davis, 2003). Therefore, determining the attitudes to-
ward a new technology is an important factor (Kucuk, Yilmaz, &
Goktas, 2014). Thus, we can say that teachers can use EMT in
early childhood education in the future because they accept and
have positive attitude towards these toys. Children's opinions as
well as teacher's are important. Theymostly like flashcards because
3d objects appear on cards. Appearing 3D objects makes them
attractive and provide real and magical sense. According to the
literature, AR application is perceived as magical by children
(Billinghurst, Kato, & Poupyrev, 2001; Bujak et al., 2013). In this
study, this situation can result from the quality of 3D objects and
being perceived as unique toys by them. Our qualitative results
have supported this assumption.

Whenwe examine children's behaviors, our results showed that
they prefer mostly pointing, responding, inspecting and turning
behaviors while playing with EMT. In Cheng and Tsai (2014b) study,
children mostly showed the behavior of controlling. However, the
number of our total behaviors is close their study. In addition,
turning and inspecting are mostly used behaviors in their study
similar with our study. These behaviors show us the reflection of
interaction. Interaction is one of the most important features of the
learning experience (Moore, 1993). Although interaction is pro-
vided in some cases, poor interaction designs cause ineffective
learning, leading to disorientation and cognitive overload (Calisir &
Gurel, 2003; Lustria, 2007). Therefore, interaction should be
properly provided. According to Sabry and Baldwin (2003),
multimedia components may increase users' interaction. Providing
proper interaction and having different multimedia components
can be said to lead the children to have high level of interaction
with EMT. This situation shows us the importance of using EMT in
education.

Whenwe examine children's cognitive attainment, it can be said
that they had low level of cognitive attainment. This is because
there were only 48 counts in the category of extensive appearance
description. Similar results were shown in Cheng and Tsai (2014b)
study. This result can result from children's less cognitive effort.
They only watched multimedia tools and sometimes ask questions
and respond teachers' questions. As can be seen in this study's
results, behaviors of questioning and responding were used at least.
Therefore, activities enhancing children's cognitive efforts should
be provided them. Besides, collaborative and interactive learning
with these toys should be implemented. Lastly, this study revealed
the relationships between children's behaviors and cognitive
attainment. As a result, both categories of appearance and exten-
sive description for determining the cognitive attainment are
related to children's behaviors. While the category of appearance
description was related to the behaviors of pointing, responding
and turning, the category of extensive description was related to
the behaviors of commenting and questioning. That is, while they
are pointing toys, responding to teachers and turning toys, they can
describe what they see in detail. In addition, the more they
comment and question, the more extensively they describe.
Moreover, we can say that while CIAR is related to both appearance
description and extensive description, COMT is only related to
appearance description. That is, when the children are more active
in EMT, they display more cognitive attainment in terms of both
descriptions.
5. Conclusions and suggestions

In this study, teachers' and children's opinions on EMT were
revealed and children's behavioral patterns and their cognitive
attainment, and the relationship between themwhile playing EMT
were determined. The results revealed that teachers and children
liked EMT activity. Teachers had a high level of positive attitude
toward EMTand perceived them as useful. We can say that teachers
can use EMT in early childhood education in the future because
they accept and have positive attitude towards these toys. Children
like EMT, mostly flashcards, because 3D objects appear on cards.
Moreover, children interactively played with these toys but not had
high cognitive attainment. Our results showed that they prefer
mostly pointing, responding, inspecting and turning behaviors
while playing with EMT. Behavioral pattern analyses showed us
their interaction levels in detail. However, this study is limited due
to presenting descriptive findings of behavioral pattern. As a result,
we can say that these toys can be effectively used in early childhood
education.

Other suggestions are stated below:

� To enhance reality and magical sense for EMT, smart glasses can
be used when playing toys.

� To provide proper interaction, multimedia tools for EMT such as
sounds, graphics, animations, videos and 3D objects should be
properly designed according to children's level.

� To enhance the level of cognitive attainment, collaborative ac-
tivities should be done with children and their own teachers.

� In the future, new designed EMT activities should provide them
to comment about something and ask more questions to other.

� In the future, similar EMT can be developed for different sample
groups and for different educational fields. Moreover, their
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learning experiences and other variables related to learning can
be examined.
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