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Abstract—These Educational toys are important in early child development 
and motivate children to learn language. Numerous digital toys are now availa-
ble in the children’s educational toys market to help children learn foreign lan-
guages. However, a number of such technologies are expensive and the quality 
of usability is not at an acceptable level. The aim of the study is to develop a 
cost-effective, sustainable and danger-free educational toy for pre-kindergarten 
children aged between 4-5 years old to teach English as a second language in 
developing countries. This toy has been developed with Raspberry Pi and 
makes use of the RFID technology. The experiment in this research was con-
ducted with 20 pre-kindergarten children for four weeks under the supervision 
of 14 teachers, using five games of the developed toy testing the pre-
kindergarten children’s learning of alphabet, words, colors, shapes, and num-
bers. A design-based research model with an innovation design method utilized 
during the development stage of the toy. Quantitative and qualitative methods 
were used to evaluate the developed toy. The results of the experiment showed 
that the developed toy is user-friendly, and the pre-kindergarten children were 
enthusiastic about playing with it and learning was enjoyable. Also, the results 
showed that the developed toy can be suitable for use as an educational toy for 
pre-kindergarten children to teach English as a second language. The educa-
tional toy developed by the researchers will be beneficial for those who wish to 
teach English to pre-kindergarten children such as administrators, teachers and 
parents in developing countries. 

Keywords—Educational toys, English teaching, pre-kindergarten children, 
smart cards, Raspberry Pi, Radio Frequency Identification, RFID 

1 Introduction 

English is considered to be the most popular language spoken around the world [1; 
2], which means it is highly necessary for non-English speaking countries [3] to adopt 
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English as a second means of communication [4]. It is known that pre-kindergarten 
level is the most important period of change in children’s physiology and psychology 
during early childhood [5; 6]. At the same time, pre-kindergarten is the initial stage in 
which foreign language learning is more effective and easier than at a later age [7; 8; 
9]. Also, it is well-known that most parents start encouraging their children to learn 
English as a second language in non-English speaking countries when they are less 
than six years old. 

There are numerous types of digital technologies available to help children learn 
foreign languages [10], such as personal computers, laptops, mobile devices, etc. [11]. 
However, many researchers [12; 13] have underlined that exposing children to the use 
of mobile devices and other electronic devices specifically with Internet connectivity 
has a negative impact on them [14]. Due to the internet connectivity of these devices, 
children can also access unwanted content that may have negative effects. Moreover, 
it has been found that these devices bring numerous health challenges such as eye 
problems [12], harmful effects on the brain [13], cancer [15] and non-malignant tu-
mors [16]. Frequently using these devices can also negatively affect children’s social 
lives and behavior [17]. Another problem is that of erratic Internet access [18] and 
expensive educational technologies [19] in developing non-English speaking coun-
tries. Conversely, integrating digital toys into learning environments provides benefits 
for children in pre-kindergarten [20]. It enhances the educational value of children’s 
play [21] and enables physical objects to be effectively connected to virtual content of 
the learning material [22]. However, a number of such technologies are expensive and 
the quality of usability is not at an acceptable level [23]. Although the children’s edu-
cational toys market is rapidly developing, the existing children’s toys cannot meet 
the needs of children and do not have innovative features [5]. 

1.1 The aim 

The main aim of the study is to develop an educational toy that will help pre-
kindergarten children to learn English language as a second language. To achieve this, 
the toy evaluated to determine whether it assists pre-kindergarten children from non-
English speaking countries. The authors searched for answers to the following ques-
tions to identify whether the developed toy can be used for educational purposes: 

• What is the success of the pre-kindergarten children? 
• What are teachers’ opinions about the developed toy? 
• What are the pre-kindergarten children’s opinions regarding the developed toy? 

2 Related Research 

As a result of the development of technology, it is understood from research con-
ducted in recent years that the use of educational toys by pre-kindergarten children 
generates positive results [24; 25; 26]. 

Kubicki et al. [27] designed and developed an interactive Tabletop RFID device, 
also known as TangiSense, for children from aged from 3 to 5 years old. The test 
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results of their study showed that children learnt numbers, alphabet, and words. Con-
sequently, they suggested that the developed device can be used for to strengthen 
teaching in cases that are difficult or problematic with traditional techniques. Another 
interactive educational toy was developed by Yilmaz [28] for children aged 5-6. The 
aim of their study was to teach animals, vegetables, fruits, automobiles, items, shapes, 
colors, and numbers using animation flash cards. Quantitative and qualitative results 
indicated that teachers and children who participated their study were interested in the 
developed toy. On the other hand, Jeong et al. [26] developed a talking doll toy named 
I-Eng, for children between 3 and 5 years old. It was used to teach a second language 
to children with the “learning by doing” method. Also, the results of Güngör’s [29] 
study found that English-speaking toys can be used to teach vocabulary in the English 
language in particular. Kekuluthotuwage and Fernando [24] stressed that a voice-
based learning strategy together with the “learning by doing” method should be used 
when attempting to teach a second language to children. 

3 Theoretical Framework 

3.1 Importance of learning English languages 

While globalization increases, English and consequently the interest in learning 
English have become more important in human life [30; 31]. People need to know 
English to communicate with other people around the world [3; 32]. Also, one of the 
factors necessary to obtain a good job in any sector is the ability to speak English 
[33]. All of these necessities have made English the global language [34; 35]. The 
best period for learning English as a foreign language is childhood [8], and pre-
kindergarten teachers believe that it is easy to teach children in this age bracket [9]. 
Today’s children born in the digitalizing world are considered the Z generation and 
they expect new and challenging forms of learning in their class. 

3.2 Educational toys for children 

Educational toys help children to develop a certain skill or provide a specific topic 
on a particular subject. The most important features of educational toys are strong 
intelligence and entertainment [5]. Educational toys are important in early child de-
velopment in facilitating language interactions as well as increasing the ability to 
interact socially with friends [19]. Also, educational toys have a significant impact on 
re-designing children’s experiences, improving their imagination, changing their be-
haviors [28; 36], supporting children’s play, and promoting the development of their 
intelligence [5]. 

Children enjoy to play and spend more time playing with toys [37]. On the other 
hand, Srivastava and Noval [38] highlighted that playing games on digital toys makes 
language learning more engaging, productive and relevant for kindergarten. There-
fore, playing is an essentially part of children’s developmental activities [39]. Fur-
thermore, the enrichment of children especially in pre-kindergarten necessitates play-
ing [40]. As indicated by modern kindergarten educational programs, gameplay is a 
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significant reason for children’s advancement and it is the primary impetus when 
structuring instructive exercises [41]. 

Educational toys motivate children [42] to learn foreign languages in or out of the 
classroom, particularly English. Kenny and McDaniel [43] highlighted that educa-
tional play is impactful on children. For this reason, Yilmaz [28] argued that educa-
tional toys are valued as important tools for children’s learning in the literature. 

4 Methodology 

A design-based research model with an innovation design method was adopted 
during the development stage of the toy. Correspondingly, the toy was developed 
based on the design specifications for educational toys for pre-kindergarten children. 
Also, Creswell and Clark [44] highlighted that the data collected by mixed methods 
are effective in achieving more accurate results in any scientific study. Therefore, 
quantitative and qualitative analysis techniques were used together in this study. 

4.1 Participants 

The random sampling technique was used during the selection of participants and 
the experimental study was conducted in a pre-kindergarten class in Irak-KRG-
Duhok-Sharya. Fraenkel and Wallen [45] underlined that 10-20 participants can be 
accepted for expe rimental studies, but the researcher should focus on each participant 
individually. Therefore, in this study, the researchers of the study maintained close 
relationships with the children and teachers in all stages of the study. The framework 
of the study is presented in Table 1. 

• Children: 20 randomly selected pre-kindergarten children in the 4-5-year-old age 
group were included this study. Before the experimental study, permission was ob-
tained from the children’s parents for participation the study. 

• Teachers: 14 voluntary pre-kindergarten teachers participated to the study. All of 
them were female because of the education policy for pre-kindergartens in Iraq. 
The average age of teachers was 30 years old. 

Table 1.  Framework of this study 

 Children Teacher 
Participant 20 pre-kindergarten children 

4 - 5 years old 
8 girls + 12 boys 
Average age 4.6 years old 

14 teachers 
25 - 40 years old 
All of them female 
Average age is 30 

Learning Strategy Group-based learning  
Duration 4 weeks 4 weeks 
Evaluation of the study Semi-structured interview 

Academic performance test 
Survey method (Questionnaire) 
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4.2 Data collection tools 

The design of any system or application targeted at pre-kindergarten children is 
complicated. Therefore, information was gathered from teachers and children [46]. 
Also, the developed system was tested to decide whether it is suitable for children and 
the purpose of the study. 

The survey method was conducted to obtain quantitative data in order to determine 
the opinions of the teachers related to the functional and non-functional features of the 
developed toy. Also, to determine whether the developed toy is suitable for children 
to use as an educational toy for learning the English language. The questionnaire was 
adapted from Cavus and Ibrahim [47]. Furthermore, the validity of the questionnaire 
items was checked by educational technologies experts, English language teachers, 
and measurement and assessment experts. On the other hand, the Cronbach’s alpha 
was used to assess the internal consistency of the questionnaire, and it was calculated 
as .89. It can be said that the survey will be reliable because the calculated Cronbach 
alpha’s coefficient is greater than .70 [48]. The questionnaire consisted o 13 items 
formed of a 5-point Likert scale type where the “Strongly Agree” response scored 5 
and “Strongly Disagree” response scored 1. 

On the other hand, a “Learning success test” was administered to the children to 
determine the learning capabilities of the developed toy in terms of letters, numbers, 
words, colors, and shapes in the English language. The results were obtained after the 
experiment via playing with the developed toy. 

Children were carefully observed when playing with the toy by researcher and 
teachers. Then, semi-structured interviews were conducted to obtain qualitative data 
from the children after they had played with the developed toy for four weeks. Since 
the participants of the study were pre-kindergarten children, it was important to take 
their psychology into account. For this reason, a familiar class teacher was also pre-
sent in the interview room together with the researchers during the interviews. Only 
three main easily understandable questions were asked in order to obtain their opin-
ions on the developed toy. As a result, they would not become bored because each 
interview only lasted 5 minutes. The children’s answers were noted by the research-
ers. 

4.3 Data analysis methods 

Descriptive statistics of mean, frequency percentage and standard deviation were 
used to analyze the collected data of the study. 

4.4 The developed educational toy 

Python (ver 2.7.9) programming language was used to develop this toy. The main 
technological parts of the developed toy are 2 speakers, MFRC-522 RC522 RFID 
Radio frequency reader and 72 smart cards (26 English alphabet, 10 numbers, 5 main 
colors, 5 shapes, and 26 simple English words) with a high frequency of 13.56 MHZ. 
“Sunrise-1 Student Book” [49] was used as a guide/resource for all tags mean images 
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that were printed on the smart cards. Figure 1 shows the structure of the developed 
toy. 

 
Fig. 1. The structure of the developed educational toy 

The developed toy consists of 5 different games. The first game is related with 26 
English letters, the second game is related with 10 numbers between 0 to 9, the third 
one is related with 26 simple English words, the fourth one is related with 5 main 
colors and the last game related with the 5 most well-known shapes. Figure 2 shows 
the smart cards used in the study. 

 
(a) Alphabet (b) Numbers (c) Words 

 

(d) Colours (e) Shapes 

Fig. 2. Smart cards’ tags of all games on the developed toy 
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The playing logic of the developed game is as follows: Based on the selected 
game, the toy choses randomly chooses any letter, number, word, color or shape from 
the list and announces them to the children. The children listen carefully and select 
the related smart card and place it on the toy’s reader. When the right answer is given 
by the child, the toy automatically says voice messages such as “Perfect”, “Good”, 
“Amazing”, etc. to motivate them and make the game interesting. Kekuluthotuwage 
and Fernando [24] suggested that voice is a valuable trait in designing interactive 
gamification technology for children. In case of wrong answers, the toy gives differ-
ent voice messages such as “Try again”, “Be careful”, “Try again”, “Next time you 
can succeed” etc. to the children. This audio feedback motivates the children to con-
tinue playing games. They need only request to play with this developed toy. It can be 
said that the innovation design method [50] is useful for this type of scientific re-
search because a specific goal, timely and accurate feedback, the unity of behavior 
and consciousness, potential thinking guide were verified through a real case study. 
Consequently, the children were able to learn English while they were playing (Figure 
3). 

 
Fig. 3. Some snapshots from the experimental study 

Special features of the developed toy are as following: 

• Cost effective: The developed toy is cost effective because the main components 
used for the toy are cheap. 

• User friendly: The developed toy is user friendly for pre-kindergarten children 
because the instructions are well structured by audio messages. 

• Secure: The developed toy is secure because it has been properly covered to pro-
tect children from any electric shocks, and there is no Internet connection that par-
ents of pre-kindergarten children should be concerned about. Also, it can be said 
that it does not have any side effects in terms of the children’s mental health. 

4.4 Implementation 

Firstly, a game was designed for educational purposes including the contents of the 
Sunrise-1 Student Book, which is used as a resource book to teach English to pre-
kindergarten children in Iraq. A random class was chosen from the Iraq-KRG-Duhok-
Sharya pre-kindergarten. Twenty children were randomly selected after obtaining 
permissions from their parents. Fourteen teachers from the same school who were 
willing to participate voluntarily were also included in the study. At the beginning of 
the study, pre-prepared smart cards tags were shown to the children in order to 
determine what they did or did not know, and they were asked to say the name of the 
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tags on these smart cards. The unknown tags were then marked on a pre-prepared list 
according to the answers given by the students. Thus, only the unknown letters, 
numbers, words, colors and shapes were included in the experimental study. Then, for 
four weeks, the children played the developed toy during the class hours in the 
presence of the classroom teacher, researchers, and other participating teachers. The 
children were divided into groups of 3-4 people. Every day, the group members 
changed. At the end of 4 weeks, this time the children’s games were watched and the 
known words from the list (the ones that were answered correctly) were marked. One 
day after the evaluation, the children were interviewed and their opinions about the 
system were determined. At the same time, teachers used the developed toy to 
evaluate it in order to understand whether it could be used as an educational toy for 
pre-kindergarten children. In addition, teachers’ opinions about the system were 
collected by a questionnaire. The study was completed by analyzing the results with 
the appropriate statistical methods (Figure 4). 

 
Fig. 4. The implementation of the study 
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5 Results 

5.1 Success of pre-kindergarten children 

Since the developed educational toy consisted of five different games, the success 
of the students was determined by testing each game separately from the results are 
presented in Table 2. 

• Alphabet testing: At the beginning of the study, it was determined that the chil-
dren did not know 11 (A-K) of the 26 English letters. Therefore, the 15 English let-
ters that the children did not know were included in the experimental study. The 
children were examined again at the end of the study to determine how many of the 
English letters had been learned by using the developed toy. The result showed that 
13 of the 15 English letters had been learned by the children. It was determined 
that only two letters, namely “Q” and “P”, could not be learned. 

• Number testing: It was identified at the beginning of the study that the children 
knew the numbers 1, 2, 3, 4 and 5 but they did not know the numbers 0, 6, 7, 8 and 
9. At the end of the experimental study, the results indicated that all included num-
bers had been learned by the children after using the developed toy. 

• Word testing: At the beginning of the study, it was determined that the children 
knew only 7 simple words, namely apple, cat, car, pizza, doll, sunflower, and door. 
Therefore, these words were eliminated from the experimental study. Nineteen 
simple words taken from the reference book were included in the study. Children 
were examined again at the end of the study to determine how many of the words 
had been learned by using the developed toy. The results revealed that 16 of the 19 
words had been learned by the children. However, the children were unable to 
learn the words “Cupboard”, “Tiger”, and “Mouse” from the toy. 

• Color testing: It was identified at the beginning of the study that the children knew 
only the color white. At the end of the experimental study, the results showed that 
that other included colors (Red, Green, Yellow, Black and Blue) had been learned 
by the children. 

• Shape testing: At the beginning of the study, the shapes to be included in the study 
were determined. Initially, it was found that the children did not know the shapes 
square, star, triangle, heart, and circle. Subsequently, the children were able to con-
fidently differentiate and learn all the shapes in the developed toy at the end of the 
fourth week. 

Table 2.  Results of the experimental study 

Game Learned Total 
Letters 13 15 
Numbers 5 5 
Words 16 19 
Colors 5 5 
Shapes 5 5 
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5.2 Opinions regarding the developed toy 

The descriptive statistics were used in order to obtain the teachers’ and pre-
kindergarten children’s opinions regarding the developed toy. 

Teachers’ opinions towards the developed toy: It can be seen from Table 3 that 
in general, teachers’ opinions were positive toward the developed toy. The mean for 
only two items was less than 4.0, although they were still considered acceptable. 
These results can be accepted as a good result in most researches. All other mean 
scores in the table were positive. 

The highest mean of teachers’ opinions was from item 10 “I would like to see the 
developed toy be used in the future (M=4.93; SD=0.27)”.  The teachers monitored the 
children’s learning achievement at the end of the experimental study.  It could be 
thought that it was effective in expressing positive opinions on this item. The second 
highest mean of the teachers’ opinions was from item 7 “The developed toy helped 
children to correctly learn the meaning of the smart cards’ tag (M=4.93; SD=0.27)”. 
The importance of understanding the correct meaning of words is paramount in the 
early academic lives of children [51]. Based on this perception, it could be said that 
the developed toy might boost the teachers’ opinions in regard to the increased quality 
of education. This could lead to the continuous use of the developed toy in their clas-
ses in the future. The third highest mean of teachers’ opinions was found in relation to 
item 2 “I think all of my students who used the developed toy are happy about it 
(M=4.86; SD=0.36)”. This could be indicator that the variety of functions offered by 
the toy do play an important role in making the developed toy a usable educational 
instrument that makes learning enjoyable. 

The lowest mean was recorded for item 6 “With the help of the developed toy, I 
learned new techniques easily (M=3.79; SD=0.70)”. Children played with the devel-
oped toy on their own or with their classmates. The toy was easy to use and user-
friendly, which meant that the children did not need their teacher’s help. Teachers 
used the collaborative learning technique as they were already aware of this method. 
The second lowest mean was obtained for item 8 “The developed toy helped children 
learn the pronunciation of the smart cards’ tag easily (M=3.86; SD=3.86)”. This item 
involved inquiry about something related to the auditory opinions of the children. As 
such, the sound functionalities of the developed toy were not something that the chil-
dren were acquainted with. Children were familiar with directly listening to human 
voices of their instructors or parents. For this reason, children could be affected by 
hearing the computerized sounds. This negative feeling of children might have a 
negative effect on the teachers’ opinions. 
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Table 3.  Descriptive statistics of teachers’ opinions 

Item Mean SD 
I found the developed toy system enjoyable. 4.71 0.61 
I think all of my students who used the developed toy are happy about it. 4.86 0.36 
I think the students can easily remember the words/shapes/ colors/letters/numbers they 
used on the developed toy. 4.64 0.50 

The name of the smart card’s tags children learned with the developed toy has increased 
their vocabularies. 4.00 0.55 

I would like the developed toy to be used in other English classes. 4.71 0.61 
With the help of the developed toy, I learned new techniques easily. 3.79 0.70 
The developed toy helped children to correctly learn the meaning of the smart cards’ tag. 4.79 0.43 
The developed toy helped children learn the pronunciation of the smart cards’ tag easily. 3.86 0.86 
The developed toy has motivated children to learn. 4.43 0.65 
I would like to see the developed toy be used in the future. 4.93 0.27 
I found learning new words with the developed toy very effective. 4.36 0.50 
The colors used on the smart cards tag are suitable for children. 4.43 0.51 
The sound effects that have been used in the developed toy add extra motivation for 
children to learn. 4.29 0.83 

*Scoring: “Strongly Agree” = 5 and “Strongly Disagree” = 1  

Pre-kindergarten children’s opinions toward the developed toy: After the chil-
dren had played with the developed toy for four weeks, interviews were held with 
them separately to obtain their opinions toward the developed toy. Based on the inter-
view findings, the highest percentage was obtained from question 3, which related 
with enjoyment (92%). Also, 90% of them said that wanted to play with the devel-
oped toy every day. It can be said that they liked the developed toy, as they were able 
to match their answers to the corresponding smart cards (correct answer). In addition, 
the children’ opinions indicated that they were inclined to use the developed toy in the 
future. The lowest percentage obtained was related to sounds (85%). The reason for 
this could be that the pre-kindergarten children prefer natural sounds rather than arti-
ficial sounds. Table 4 shows the children’s opinions after playing with the developed 
toy for four weeks. 

Table 4.  Descriptive statistics of children’ opinions 

Item Percentage 
1. Do you want to play with the developed toy every day? 90% 
2. Do you like the sounds used in the developed toy? 85% 
3. Do you enjoy playing with the developed toy? 92% 

6 Conclusion and Future Work 

In this study, a cost-effective, sustainable and risk-free educational toy was devel-
oped for pre-kindergartens in developing countries such as Iraq to teach English as a 
second language. The results of the experiment revealed the potential of the devel-
oped toy for enhancing pre-kindergarten children’s learning abilities in regard to let-
ters, numbers, words, colors, and shapes, which are essential aspects of the English 
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language. The study also fills the knowledge gap, as suggested by Kubicki et al. [27], 
that future educational toys should include numbers, letters and words, not only col-
ors. Consequently, it can be said that the developed toy is suitable for use as an educa-
tional toy for pre-kindergarten children for teaching English as a second language. We 
hope that the implementation of the developed toy in pre-kindergarten will positively 
affect children’s learning abilities and simplify the learning process. In addition, the 
educational toy developed by researchers will be beneficial for those who wish to 
teach English to pre-kindergarten children such as administrators, teachers and par-
ents in developing countries. 

6.1 Suggestions for future work 

The system can be improved in future studies:  

• Natural human voices, advanced functions of artificial voice, should be used in the 
system of the toy to improve the understanding of the pronounced words 

• Other shapes, colors and words could be added to the toy 
• The developed toy could be used in other pre-kindergarten classes 
• The number of children could be increased to obtain more accurate results 
• The developed educational toy could be tested with children in different pre-

kindergartens 
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