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Abstract 

This paper describes the development, use, and evaluation of a holographic mobile-based application for teaching basic 
English as a second language, in particular, oral vocabulary to Spanish speaking children. The mastery of vocabulary is a 
fundamental step when learning a language but is often perceived as boring. And to speak the correct pronunciation is 
frequently regarded as the most difficult and complex skill for new learners of English. In order to address this problem this 
research takes advantage of the power of multi-channel stimuli (sound, image and interaction) of a mobile-based hologram application in 

order to motivate students and improve their learning experience. We adapted the prize-winning HolograFX game and developed a 
new  mobile application to help practice English pronunciation. A 3D holographic robot that acts as a virtual teacher is in 
charge of teaching oral English vocabulary. To test the tool we carried out an experiment with 70 Spanish pre-school children 
divided into three classes, the control group using traditional teaching, and two experimental groups using drills and practice 
software. One experimental group used the mobile application without the holographic game and the other experimental 
group used the application with the holographic game. We performed pre-test and post-test performance assessments, a 
satisfaction survey and emotion analysis. The results are very promising. They show that the use of the holographic mobile-
based application had a significant impact on the children’s motivation. It also improved their performance compared to 
traditional methods used in the classroom such as using images in books and on the blackboard.  

Keywords: Holograms, Mobile Applications, Interactive Learning Environments, English Foreign Language, Learning at 
Early Age. 

1.Introduction 

Learning a foreign language such as English centers on four basic skills: listening, reading, speaking and basic writing 

skills (Peregoy and Boilly, 2001). Normally, all of these skills are taught as a whole, but vocabulary learning is very 

important and is a prerequisite for language learning (Agca & Ozdemir, 2013). In fact, one of the components of mastering  

English as a Foreign Language (EFL) is vocabulary mastery (Nation, 2013), which means students being capable of 

understanding and using the words (Zahedi & Abdi, 2012). Vocabulary, as Brown (2001) states, forms the building blocks of 

any language. Due to its importance, vocabulary acquisition is receiving much more attention in Second Language (L2) 

pedagogy and research. Vocabulary can be classified as oral or written. Teaching and learning new vocabulary has 

traditionally focused primarily on definitions, but pronunciation is clearly an important factor in learning new words 

(Sweeting, 2016). Teachers should facilitate this learning by not only explaining definitions but also modeling the 

pronunciation of these words. The importance of beginning to train a child’s pronunciation skills in a L2 at an early age has 

long been known to researchers and educators (Neri et al. 2008). It is much easier to introduce sound systems to children 

when children are usually simply copying what they hear, and building up mental generalizations based on their experiences 

(McMahon, 2002). Therefore, researchers and educators must devise optimal ways to provide pronunciation training for 

young learners. A good example is the new concept of using of speech recognition technology in teaching language 

pronunciation to new learners (Liaw, 2014); it can be seen in the literature that this is a burgeoning field of research (Cavus, 

2016). 
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Vocabulary acquisition is hard and requires more effort and time in a L2 than a L1 (Suwantarathip and Orawiwatnakul, 

2015). In addition, many EFL learners find vocabulary learning boring, as they have to repeat and memorize unfamiliar 

words and spelling (Nguyen and Khuat, 2003). It is imperative for teachers to find ways to help students learn English 

vocabulary in more motivating and interactive ways (Liu, 2014). Adult students are always interested in learning EFL at first. 

However, they lose their interest in learning gradually due to the difficulties they face when reading, communicating, and 

listening (Alkhalifah et al., 2012). Obviously, there are differences in teaching EFL to children compared to teaching adults 

or adolescents. Children are often  more enthusiastic and lively as learners, but they also lose interest more quickly, they are 

less able to keep themselves motivated in tasks that they find difficult, and they do not have the same access as older learners 

to the metalanguage that teachers use to explain (Cameron, 2001). Teaching a foreign language in infant education is a 

challenge (Flores and Corcoll, 2015) and English teachers who teach young children need to understand what it is like to be a 

child in order to be aware of the obstacles and difficulties that may be encountered in the process, and be ready for the 

challenge. Children have a natural instinct for play and fun, they demand a great deal of creativity and energy during 

interaction; if they are bored they won’t pay attention, and they won’t learn (Simona, 2015). Therefore, teachers of early-age 

learners have an important role to play in guiding children to English in a motivating way (Cameron, 2001). Computer-

Assisted Language Learning (CALL) systems use multimedia and games in order to engage learners (Yip and Kwan, 2006). 

Previous researches indicate that technology may increase students’ motivation, especially in the case of children, and help 

them overcome previous difficulties (Alkhalifah et al., 2012) (Finnsson, 2015) (Wu, 2013). Teachers have the dual task of 

motivating and teaching, and one way of carrying out that task may be by taking advantage of the huge potential of modern-

day students´ digital literacy to introduce technological innovations and computer games that enrich and encourage early-age 

learners to participate in educational activities in the classroom (Martins et al., 2015). Several studies suggest that computer 

applications and games appear to have a positive impact on EFL learning in school and pre-school (Finnsson, 2015) and are a 

key way to increase children's interest (Wu, 2013).  

In this research we propose the use of a novel type of computer game created with hologram technology, which is one of 

the most creative areas in the field of Information Communication Technology (ICT) usage in learning environments 

(Ghuloum, 2010). The potential of audiovisual materials is already well known as they present a combination of sound, 

images and creative elements for learners to interact with (Squire, 2002). Holograms have broad potential applications in 

education. For example, students and teachers may be able to communicate and interact from distant locations, students 

might benefit from realistic and convincing visuals of study materials, a holographic teacher might appear to be in the 

classroom and be able to see and speak to the students as if they were all in the same room, which may enable interesting and 

efficient interactions between students and teachers (Kalansooriya et al., 2015). In addition, holograms could enhance the 

educational process by bringing famous or fictional characters to life, so to speak, to talk about themselves or even add 

something as an assistant teacher, which could be interesting, motivating, and without doubt, an innovation in the  teaching-

learning process. With this objective in mind, we describe how we adapted a holographic game to be used for educational 

purposes. We also developed a specific Android mobile application (app) for teaching basic oral English vocabulary to 

Spanish children. The  app can also be used in a smartphone without the holographic game, in which case the image will be 

seen on screen rather than using holograms. We chose to teach the learning and pronunciation of basic vocabulary as the 

content because it is one of the first and most frequent skills when teaching English to children (Wu, 2013), and because it is 

in the official Spanish academic curricula for EFL at early-ages. We used a funny 3D holographic robot that acts as the 

virtual teacher in charge of teaching basic English. Children interact directly with the holographic robot through speech and 

see the corresponding term as 3D holograms. These 3D images help children learn words with their pronunciation. Our idea 

is that they associate the 3D image they see with the sounds they hear. Our idea is that a real teacher can use the holographic 

mobile-based application as an additional resource in the classroom to motivate children in a funny way. Following on from 

that, our research objective is to test the following hypotheses: 

 H1: Children perform better when learning and practicing basic oral English vocabulary using a mobile-based 

application with or without a holographic game than using the traditional methods used in the classroom (images in 

books and on the board). 

 H2: Children demonstrate a preference for using a mobile-based application with or without a holographic game for 

learning and practicing oral English vocabulary rather than the traditional methods used in the classroom. 

The paper is arranged as follows. Firstly, the related background is described. Next, the adaptation of the holographic 

game is presented together with the Android holographic application, followed by the experimental results. The results are 

then discussed, including conclusions and lines for future research. 
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2.Background 

There are a wide range of methods for facilitating the acquisition of L2 vocabulary ranging from traditional instruction, 

dictionaries and pictures, to mobile applications and games (Chiu, 2013) (Nation, 2013). There are three categories of 

traditional techniques of teaching vocabulary (Gairns and Redman, 1986): 

 Visual techniques. These techniques concern visual memory. They consist of flashcards, photographs, pictures, 

blackboard drawings, wall charts, mimes and gestures. They are used in expressing words' meanings. These 

techniques are especially helpful in introducing certain parts of vocabulary such as: real objects, places, 

professions, descriptions of people, action and activities. 

 Verbal techniques. These include word lists, dictionary use, illustrative situations, synonyms and definitions, 

contrasts and opposites, scales and examples. These are the very useful for illustrating abstract words. 

 Translation. This is considered as an effective way to convey meaning. It helps to save time, especially in cases 

of teaching low frequency words. However, it is unproductive when teachers overuse translation.  

Mobile learning (m-learning) refers to the use of mobile technologies for educational purposes. These devices can offer 

multiple learning opportunities which may be spontaneous, informal, contextual, portable, ubiquitous, pervasive, and 

personal (Kukulska-Hulme et al, 2011).  There is a hundreds of Mobile-Assisted Language Learning (MALL) publications 

over the past twenty years that use SMS/MMS, PDAs and smartphones (Burston, 2015). And nowadays, there are an 

increasing number of mobile apps (software application) for EFL purposes available on the market at present (Pilar et al. 

2013).  The apps can be categorized into several groups according to their contents: a) games, very often targeted towards 

children; b) app versions of dictionaries, handbooks and textbooks; c) apps providing vocabulary, grammar and/or 

pronunciation practice; d) the adaptation of online courses to mobile devices; and e) apps that provide the use of language in 

context, presented in a variety of ways such as podcasts, videos, films and cartoons. During recent years, mobile learning has 

been increasingly used to facilitate language learning in all skills, however, it is vocabulary which is the most often targeted 

skill with this type of technology (Suwantarathip and Orawiwatnakul, 2015). Mobile learning environments encourage 

students‘ curiosity and make the vocabulary learning activity more attractive and motivational (Agca and Ozdemir, 2013). 

There are a variety of specific mobile interactive English pronunciation applications for improving EFL students‘ 

pronunciation skills (Agusalim et al. 2014). Some of these mobile applications use a speech recognition engine (Cavus, 

2016). This type of engine can recognize spoken words so that pronunciation errors can be easily identified and corrected. 

Similarly, speech recognition technology has also been used to support a group of elementary school children's learning of 

EFL (Liaw, 2014). 

Games are an ideal mechanism for designing educational activities with children (Nacher et al. 2015). Different categories 

of games are used as educational tools (Freitas, 2006; StojkoviĤ and JerotijeviĤ, 2011) such as educational games, online 

games, serious games, simulations, structure games, vocabulary games and number games. Computer games have become a 

popular strategy for learning and there are an increasing number of examples of computer games developed specifically for 

young children and kindergarteners (Vangnes et al, 2012). Playing computer games has been found to be linked to a range of 

perceptual, cognitive, behavioral, affective, and motivational impacts and outcomes. Evidence of their effectiveness can be 

seen in existing results and data (Tobias, Fletcher, & Wind, 2014). Game based learning describes an approach to teaching, 

where students explore relevant aspects of games in a learning context designed by teachers or researchers. Game playing is a 

good way to engage learners in language learning for a number of reasons (Prensky, 2001): games motivate players (to 

achieve goals), they gratify the ego (when winning), they are fun (through enjoyment and pleasure), and they spark the 

players’ creativity (to solve the game). Games can focus on various skills, grammar, listening, speaking, writing, reading, and 

pronunciation, (Simona, 2015).  

Magic show games are a specific type of game that have been successfully used in education. Since children and adults are 

fascinated by magic tricks, this strategy for learning can be effective and memorable (Carrasquillo, 2013). Magic is one of the 

oldest performing arts in the world in which audiences are entertained by staged tricks, effects or illusions of seemingly 

impossible or supernatural feats using natural means (Dunninger, 1987). Magic has been used to inspire children about 

science and technology for centuries (Curzon and McOwan, 2008).  It is standard a fare for Chemistry teachers to use 

‘magical potions’ to engage children with chemistry. Similarly, Mathematics teachers use simple number based tricks to 

inspire wonder in mathematics. The use of magic tricks with children to assist in the development of cognitive, motor, 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

4 

  

 

speech, and psychosocial skills in a therapeutic rehabilitation setting is well established (Spencer, 2012). Magic tricks have 

been used to enthuse children and to introduce formal methodological concepts and computer science (Curzon and McOwan, 

2013). Along similar lines, origami (paper folding) and magic tricks have been proposed as tools to teach English (Vichea, 

2010), they have been adapted for separate macro skills (i.e. listening, speaking, reading and writing) or integrated skills 

which promote communicative language teaching and learning.  

In this research we adapted a Holographic magic show game for teaching English vocabulary. A hologram is a 3D 

photographic image that appears to have depth. It can be defined as a three-dimensional record of the positive interference of 

laser light waves (Vincent, 2012). Holography began in the 1940s, when Dennis Gabor invented the hologram and won the 

Nobel Prize for the achievement (Gabor, 1948). Significant advances occurred when 3D Holographic Technology (3DHT) 

was created in 1962 by scientists in both the United States of America and the Soviet Union (Ghuloum, 2010). 3DHT 

operates by creating the illusion of three-dimensional imagery. Society has come to accept the idea of 3D images or 

holograms as being a part of our lives due to movies such as Star Wars and Star Trek (Sharton, 2010). Hence 3D Holograms 

have broken out of the world of science fiction and fantasy and are also being used in advertising, entertainment, social 

networking, and more. However, as is the case with much technology, there are some barriers and disadvantages to 3DHT, 

for example, the high cost of infrastructure, the need for a screening room with compatible lighting, and the lack of technical 

expertise. A way to avoid most of these problems is to use the illusion known as Pepper’s Ghost (Steinmeyer, 2013). This 

technique, used in theatre, haunted houses, and magic tricks, uses a large piece of glass or plastic film placed at an angle 

between the viewer and the scene. The glass or plastic reflects a room hidden from the viewer that is a mirror-image of the 

scene. Pepper's Ghost achieves a better effect by using a dark background with a single reflection. In this research we use the 

Pepper’s Ghost technique to create an affordable, accessible simulated holographic projection using a smartphone.  

Holograms have already been used successfully in adult learning environments, especially in medicine. Medical 

Holography for Basic Anatomy Training allows the learner to view full parallax, auto-stereoscopic 3D human anatomy 

images (Hackett, 2013). Holograms of human organs have also been used to teach medical students simple dissections and 

health protocols as well as the latest surgical techniques (Ko, 1998). Holograms uniquely facilitate the spontaneous 

understanding of human neuroanatomical relationship which cannot be easily learned using photographs or diagrams (Ko and 

Webster, 1995). In other applications holography provides better visual aids than either photographs or line drawings in 

training, and for working aids in application such as construction, technical documentation, and storage (Frey and Eichert, 

1978). Holograms provide also better perception of the 3D model shapes for mechanical engineering parts before and during 

the process of learning how to draw them (Figueiredo et al., 2014). Holograms can also be used as teaching aids designed to 

prompt viewers (Walker, 2012). Life-size holographic images that speak and answer questions can be used as educational 

and training aids for different specializations (Leuski et al., 2006). Holograms can enhance the educational process by 

bringing famous characters from the past back to life, to speak about themselves or explain something as an assistant teacher 

(Ghuloum, 2010). Finally, it is important to note that, to our knowledge, holograms have not yet been used in an educational 

environment with early age children as we propose here, nor have we found any magic show games that use holograms for 

teaching English to children. 

 

3.Adapting a Holographic Game and developing a mobile-based application 

In order to create simulated holograms, we used a holographic game called HolograFX (http://holografxgame.com/) that 

allows users to perform magic shows using holograms on their smartphones. The game`s authors Mark Setteducati and Andre 

Armenante use the technology behind the classic Pepper's Ghost magic trick (Settembre, 2013). HolograFX was chosen as 

the 2013 Top Tech Toy at Toy Fair by the organizers of Gadget Show Live, the leading consumer tech event in the United 

Kingdom (http://www.toynews-online.biz/news/read/toy-fair-daily-gadget-show-names-holografx-as-best-tech-toy/031482). 

HolograFX (see Figure 1) uses a stage with a transparent reflective plastic screen in the middle and on one side a Smartphone 

holder for hiding the mobile. Users perform the actions and tricks by using accessories on the opposite side of the smartphone 

which projects a hologram on the screen to support the show. HolograFX doesn’t include a smartphone with the game 

components so one is required on which the specific HolograFX app can be installed. This app is not aimed at education and 

contains prerecorded videos, which combine tricks with holograms such as teleportation, and objects appearing and 

disappearing. 

http://holografxgame.com/
http://www.toynews-online.biz/news/read/toy-fair-daily-gadget-show-names-holografx-as-best-tech-toy/031482
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Figure 1: HolograFX game. 

 In order to adapt the game to teach basic English to children through 3DHT, we developed a completely new 

Android app (a demo is free to download from Google Play for Education 

https://play.google.com/store/apps/details?id=com.XXXXXX.hi2). This app is aimed at learning basic English vocabulary 

such as animals, plants, vehicles, clothes, etc. Although our app uses a similar interface to the original HolograFX app, it is a 

new application with completely different functionality (see Figure 2). The first image in Figure 2 shows the main menu, 

with options to learn, practice or evaluate English vocabulary. We used a 3D robot, called Arturito, as the virtual teacher (see 

the 2
nd

 image in Figure 2), and animated 3D images that represent the terms to learn (see the 3
rd

 image in Figure 2) as 

holograms. For each word-to-learn our app has a black background video file with an animation of the corresponding 3D 

object and a sound file with its correct English pronunciation. Finally, we also developed a scoreboard to give a teacher the 

childrens‘ answers  (see the 4
th

 image in Figure 2). 

Figure 2: Screenshots of the Android holographic mobile-based application for teaching basic English vocabulary. 

  

https://play.google.com/store/apps/details?id=com.XXXXXX.hi2
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Our app has 4 main options or function modes (see the first image of Figure 2): 

 Learn (Aprende) mode. Arturito introduces each term in Spanish (see image three in Figure 2), then repeats each 

term in English. 

 Practice: sequential mode (Practica: modo secuencial). In Spanish, Arturito asks a student how to say each term 

in English in sequential order, and waits for a reply. For each attempt, he says whether the student’s answer is 

correct or incorrect.  

 Practice: adaptive/random mode (Practica: modo adaptativo/aleatorio). In Spanish, Arturito asks a student how 

to say the term in English, in this mode the questions do not follow the sequential order, but rather are presented in a 

random or adaptive order. In this work we have only used the random order. For each attempt, he says whether the 

student’s answer is correct or incorrect. 

 Evaluate (Evalua) mode. In Spanish, Arturito asks a student how to say the term in English. He does not tell each 

student whether their answer is correct or incorrect. Finally, a scoreboard (see the last image in Figure 2) is 

displayed with the children‘s results for each word: Correct (Correcto) or Incorrect (Error). 

 

In order to increase children‘s motivation to practice we added an animation of Arturito dancing and singing at the end of 

each mode. Our goal was to keep children engaged and excited to complete each mode and to do the tasks that would allow 

them to see what Arturito would do at the end by presenting a funny game-based learning environment for encouraging the 

children to work toward a goal without worrying to make a mistake.  

It is important to note that all interaction between Arturito (hologram) and the students is via sound and voice (see Figure 3). 

We used the Android Speech API to access the speech recognition service 

(https://developer.android.com/reference/android/speech/SpeechRecognizer.html). Children listen to Arturito to speak the 

pronunciation of the vocabulary words.  The correct pronunciation of each of the vocabulary words was stored as a voice file 

beforehand. These files were recorded by a native English speaker and a robot filter was applied to the audio to make it more 

realistically robot-like. When a student speaks or replies to Arturito, their audio is automatically translated into text and 

compared to the corresponding vocabulary words in order to check if it is correct or incorrect.  

Students do not look at the screen of the smartphone; they see the hologram that appears on the far side of the transparent 

plastic (see Figure 3). So they believe that they talk directly to Arturito. In fact, they do not notice that they really interact via 

voice and sound with the hidden Smartphone that is on the side of the stage closest to them. Our app can be also used without 

the HolograFX game. In this case, the teacher or student himself must hold the smartphone in their hand and look at the 

screen. The interaction is via voice and sound but students see that they interact with a smartphone. Arturito and the 3D 

images appear directly on the screen of the smartphone instead of as holograms. 

 

Figure 3: Student-Hologram interaction. 

https://developer.android.com/reference/android/speech/SpeechRecognizer.html
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We also made some modifications to the physical structure of the original HolograFX game (see Figure 4) in order to 

improve it for use in a classroom setting with children. In particular, we added: 

 A large black box to cover the hologam side of the stage to improve the visibility of the hologram in a room with 

daylight. 

 A picture of a traditional microphone at the back of the box where we hide the Smartphone so that children know 

that they have to speak near to this location. 

 A miniature wooden desk/table as an accessory to simulate a traditional teacher‘s desk above which the holograms 

will appear. 

 

 

Figure 4: Modifications in the structure of the holographic game. 

 We  also tried to maintain the original magical feeling of the HolograFX game which allows the performance magic 

tricks by the interaction of accessories with the hologram. To that end, we used the miniature desk, into which we placed 

small cards (see Figure 5) with pictures of both Arturito and the vocabulary items. We show the children how we put the 

small cards into the mini desk so that they know that they are there and they believe that they become real from inside the 

mini-desk. 

 

Figure 5: Examples of small cards used as accessories to put into the mini wooden table. 
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4.Method 

We performed an experiment with 70 pre-school Spanish children divided into three classes. The first class was the 

control group using traditional teaching, the other two were experimental groups using the training software. One 

experimental group used the mobile application without the 3DHT and the other experimental group used the application 

with the 3DHT. In both cases the application used the same types of interactions but either with or without the hologram 

element of the game. We  randomly assigned each class to a different group, following a pre-test, and finally the children 

were given a final satisfaction survey and an image was captured for emotional analysis. 

4.1. Participants 

Our participants were 70 pre-school Spanish children from a public school in Castilla La Mancha (Spain) divided into 

three classes with a similar level of performance in English language classes. The children were 4 or 5 years old and in their 

second year of pre-school. The experiment was performed during the third trimester of the foreign language class in the 

academic year 2015-2016. The objective was to revise basic oral English vocabulary using different 

methodologies/techniques.  

The same teacher taught the three classes. Although the study had not recruited students on a random basis but instead 

used existing classes, teachers randomly divided each class into four subgroups of about 6 children, each class was randomly 

labeled a control or experimental group as follows: 

 Control Group (CG): Class 1 with 24 children (13 boys and 11 girls) divided into four subgroups of 6 children each. 

They used traditional images in books and on the board. 

 Experimental Group 1 (EG1): Class 2 with 23 children (10 boys and 13 girls) divided into four subgroups (three 

subgroups of 6 and one of 5). They used the app without the holographic game. 

 Experimental Group 2 (EG2): Class 3 with 23 children (12 boys and 11 girls) divided into four subgroups (three 

subgroups of 6 and one of 5). They used the app with the holographic game. 

4.2 Procedure 

The experiment is about learning and practicing pronunciation of English words. The vocabulary is made up of 20 words 

of differing lengths. A selection of one-, two-, and three-syllable concrete nouns from different domains (animals, plants, 

vehicles, clothes and space) was included (see Table 1). Two different versions of this vocabulary was used. The two 

versions contain pairs of words from the same domain, which are closely related and have a similar level of difficulty so that 

they could be used in the pre- and post-testing. Version 1 vocabulary was used for pre-testing, Version 2 vocabulary was used 

for post-testing (see Vocabulary v1 and v2 in Table 1). The full vocabulary list (version 1 plus version 2) was used for 

learning and practicing. 

Table 1. Vocabulary used in the experiments  

Vocabulary v1 Vocabulary v2  

Sun Moon 

Car Bus 

Fish Seal 

Bird Duck 
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Shoes Boots 

Shark Crab 

Tree Grass 

Flower Cactus 

Butterfly Dragonfly 

JellyFish Starfish 

 

The vocabulary was selected with the agreement of two infant education teachers, in accordance with text and reading 

books in the official curricula at that educational level. We also wanted to include more than one domain to cover different 

topics in their educational curricula. The participants of the experiment had prior knowledge of this vocabulary because these 

domains had been introduced in class during the first and second semesters. The aim of our intervention was to revise, 

practice and improve their pronunciation during the third semester using different methods and approaches.  

In order to test our initial hypotheses, we used quantitative data. In particular, we used a performance pre-post-test for 

testing H1 and a satisfaction survey and emotion analysis from photographs for testing H2. Figure 6 shows an overview of 

the five-week experimental procedure employed in this study.  

 

Figure 6: Diagram of experimental procedure. 
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At stage 1, all students completed a pre-test to evaluate their prior knowledge of the experimental content by using  

vocabulary version 1.  At stage 2, learning activities using the full vocabulary list (version 1 plus version 2) were carried out 

in 30-minute sessions once a week for 3 weeks with each group using a different approach. All participants were taught and 

evaluated orally (listening and speaking) during the experiment. During instruction, children looked at drawings, pictures or 

3D image holograms that represented each word and listened to the correct English pronunciation of each word modeled by 

the instructor or the Arturito hologram. During evaluation, they tried to correctly pronounce each word in English that they 

saw in picture cards. 

Experimental groups EG1 and EG2 interacted with the corresponding app (EG1 with the mobile phone app and EG2 with 

the 3DHT app). The first week was spent introducing the mobile-based application by using the learn mode in which Arturito 

introduced all the items from the full vocabulary list. The following two weeks were spent learning and practicing the 

vocabulary by using the sequential and random practice modes. In the first week Arturito asked for items from the full 

vocabulary list in sequential order and the second week in random order. That is, all the 2D images or 3D images that 

represent the full vocabulary appeared in sequential or random order. During each one of these three sessions, each child 

interacted with the application in turns for about 5 minutes (about 15 minutes during the three weeks) while the others 

observed and remained quiet. The experiment was presented to the children as a very simple game/magic game as follows: 

You have to interact with a virtual teacher called Arturito to practice oral English vocabulary. You must to try to pronounce 

all the words we put into the box correctly, Arturito will ask you by showing you an image. If you do it well you win and will 

be able to see Arturito dancing. 

During the same period, the CG used the images in books and on the board. The sequence of introducing and learning was 

the same: the first week was used to revise the full vocabulary. The teacher used the board with pictures that represented each 

item from the full vocabulary list. The teacher pointed to each picture and pronounced it in English while students listened. 

The following two weeks were spent sequentially and randomly learning and practicing  the vocabulary by using a book with 

images of the vocabulary (one image per page). In the first week, the teacher asked for items from the full vocabulary list 

using images from the book in sequential order, that is, from the first page to the last page of the book. The teacher  pointed 

at each image of the book, asking the children for the corresponding word. The following week, the teacher asked for items 

from the full vocabulary list randomly. The teacher opened the book on a random page and pointed to the image each time,  

asking for the word. If the image had already been seen by that student, the teacher continued opening pages at random until 

a new itme was shown. 

The same teacher conducted the different sessions in the four subgroups from each class, while an additional teacher 

stayed with the rest of the children in class. The experiment was carried out in a similar environment and in a classroom next 

to the students‘ normal classroom in order to ensure that the children did not feel awkward being out of their class. Another 

additional researcher (as a non-participant observer) took photographs of all of the children during the final practice session 

(fourth week) in order to observe students‘ emotions during classes with and without holograms. The aim of this was to have  

a quantitative measure to test the second hypothesis in addition to the satisfaction survey, measuring the level of positive 

emotions such as happiness during experiments by doing an emotion analysis of their faces. 

At stage 3, all students completed a post-test to evaluate their post knowledge using vocabulary version 2. Finally, EG1 

and EG2 completed a satisfaction survey about their experience using the App with or without Hologram in contrast to the 

traditional teaching mode. All the data about the experiment were directly managed and collected by the researchers. 

 

4.3 Data Analysis and Results 

4.3.1. Children’s learning performance 

 In order to test the 1
st
 research question -children perform better when learning and practicing basic oral English 

vocabulary using a mobile-based application with or without a holographic game than using traditional methods?- We  

measured the performance of the students using a pre-post-test experimental design. The pre-test and post-test performance 

assessment was individually done one week before the first session and one week after the last experimental session. The 

assessment consisted of a simple 10 playing-card (flashcards without text) question test, given non-sequentially where every 

correct answer counted as 1 point. So each child‘s final score was an integer value over 10. From the teacher‘s and the 
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educational psychology expert‘s point of view, it seemed to be an objective way to measure their performance, due to the 

very young age of the sample. Both the pre-test and post-test were exactly the same for the three groups (CG, EG1 and EG2) 

and were carried out by the same teacher who carried out the experimental sessions. 

 The data contributed by the three experiments were analyzed to verify that there were no values outside of the scale, 

missing values, or parameters that indicated a clear non-normal distribution; a Levene's test on the samples from the three 

groups was conducted, and the homogeneity test showed no significant difference (F = 0.269, p > 0.05). The results of 

experiment about learning performance are given in Table 2.  

 The initial level in the pre-test is about 4 points in all groups. This shows that the children already had some 

knowledge of words in the pre-test as they had seen them in the first and second semester of the course. In the post-test the 

children´s performance increased significantly in all groups. The scores in the CG (t=23.87, p<0.05), EG1 (t=21.10, p<0.05) 

and EG2 (t=29.73, p<0.05) were statistically significantly different before and after the experiment. However, this increment 

was higher in the EG2 group (+2.95) than in the EG1 (+2.49) and CG group (+2.13). So, it seems that the children 

demonstrated greater improvements in learning performance when using the app with the hologram than without the 

hologram or traditional methods such as images in books and on the board. However, an inter-group analysis is necessary to 

contrast these differences. 

 

Table 2. Descriptive statistics and paired-sample t-test for pre-test and post-test 

Group Variable Mean  SD t 

CG (N=24) Pre-test 3.95 0.95 23.87* 

 
Post-test 7.00 1.02 

 

EG1 (N=23) Pre-test 4.04 1.33 21.10* 

 
Post-test 7.52 1.16 

 

EG2 (N=23) Pre-test 4.13 1.05 29.73* 

 
Post-test 8.08 1.12 

 

 

*p<0.05 

 

Next, we conducted an analysis of variances (ANOVA) on the pre-test in order to test whether there were significant 

differences between the three groups. Results of the one-way ANOVA on pre-test scores are shown in Table 3. This analysis 

(F=0.13, p≥0.05) indicated that there was no significant difference in the three group’s levels of prior knowledge before the 

experimental teaching activities began.  
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Table 3. ANOVA results of learning achievement for the pre-test. 

Variable 
Source Sum of 

Squares 
Degrees of 

freedom 
Mean Square F statistic 

Pre-test Between groups 0.34 2 0.17 0.13* 

 
Within groups 84.52 67 1.26 

 

 
Total 84.87 69 

  

*p<0.05 

We also calculated the Cohen’s d about the strength of the relationship between the CG and the two experimental groups 

based on the standard difference between the post-test means. Cohen’s d between CG and EG1 (0.47) indicated that the effect 

size was moderate and Cohen’s d between CG and EG2 (1.00) indicated that the effect size was large. 

 

Finally, we conducted an analysis of covariance (ANCOVA), using the pre-test levels as covariates in order to statistically 

control the effect of the initial level of knowledge on the post-test level and to obtain more accurate information about the 

effect of the holographic technology in learning. The results of ANCOVA are shown in Table 4 

Table 4. ANCOVA results of the learning achievement for the post-test 

Source Sum of 

Squares 
Degrees of 

freedom 
Mean Square F statistic 

Ad Hoc 

Adjusted means 10.56 2 5.28 12.397* EG1 > CG 

EG2 > CG 

  EG2 > EG1 

Adjusted error 28.11 66 0.426   

Adjusted total 38.67 68    

*p<0.05 

 

The data provided by the ANCOVA showed statistically significant differences between groups, (F (2, 66) = 12.397, p<.001, 

ηp
2
 = .273). These results also provide information about the autoregressive effect of the variable, in other words, the capacity 

of the pre-test levels to predict the post-test levels of the performance, F (1, 66) = 53.455, p< .001, ηp
2
 = .655. As can be seen,  

previous knowledge of English seems to be a variable that is not easy to change and very strongly influenced by its high pre-

test level; in this sense, the level of previous knowledge could be obscuring the true potential of the hologram technique. 

Nevertheless, it is revealing to check the differences between the three groups. The comparison shows that the post-test 

scores of the CG and EG1, and CG and EG2 are significantly different MD(CG-EG1) = -.454, p< .05; MD(CG-EG2) = -.950, p< 

.001 , and that the post-test scores of EG1 and EG2 are also significantly different (MD(EG1-EG2) = -.496, p< .05). In summary, 
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the results of our study about learning performance show that although the three groups improved their knowledge of oral 

vocabulary in English, EG2 scored significantly higher than EG1 and the CG did. This could presumably be attributed to the 

holographic component and its capacity to increase student’s motivation and encourage learning in the classroom over the 

already typical mobile-based applications and traditional methods such as using images in books and on the board.   

 

4.3.2 Children 's satisfaction and emotions 

In order to test the 2
nd

 research question -children show that they prefer using a mobile-based application with or without a 

holographic game for learning and practicing oral English vocabulary rather than the traditional methods used in the 

classroom- we used two methodologies, a satisfaction survey and an emotion analysis. 

We developed a specific satisfaction survey to ask children from the EG1 and EG2 groups about their experience using the 

App for learning. First, both EGs were asked about their satisfaction compared with regular teaching methods (See 

Dimension A) because of the well-known importance of motivation in every kind of learning (Schunk & Zimmerman, 2012; 

Schunk, Meece, & Pintrich, 2012). We only asked to children from EG1 and EG2 because both have daily experience with 

books and blackboard, and the learning procedure in the CG was the normal procedure (using images in books and on the 

board). Then we wanted to focus on the hypothetical differences in satisfaction with holographic technology between EGs. 

We asked EGs again about the learning experience specifically to check if there were any differences in terms of satisfaction 

between mobile and holographic technology (See Dimension B). For this dual purpose we carried out a very specific and 

simple ad hoc satisfaction survey due to the early age and self-report skills of the participants; its Cronbach’s alpha is 0.88. 

The survey consisted of six questions in a 3-point Likert Scale (0=A litle, 1=Some, 2=A lot) about two dimensions: learning 

experience satisfaction in comparison with traditional methodology and general experience satisfaction. 

Dimension A. How much they like Arturito compared with traditional methods  

A1. English classes are better since they are with Arturito instead of books and the board. 

A2. Arturito is cooler than books and the board. 

A3. I want Arturito to teach me more stuff instead of using books and the board. 

Dimension B. How much they like Arturito  

B1. I like Arturito 

B2. Arturito is funny 

B3. I would like Arturito to teach me for a longer time. 
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Figure 7: Frequency analysis of EG1 and EG2 answers´ in satisfaction survey. 

The teacher asked each student the six questions giving them the 3 answer options and recorded their answers in a file. Figure 

7 shows that EG2 scored higher values than the EG1 group in every item, especially in dimension B questions where was 

being tested the differences in terms of satisfaction between mobile and holographic technology. In EG2, almost all the 

children (between 21 and 23) scored the highest value on the scale at all questions and only 1 or 2 children answered “Some” 

in some items (A1, A2, A3 and B3). In EG1, between 14 and 21 children scored the highest value “A lot” at all the questions 

and between 2 and 9 children answered “Some” to the questions. Therefore, it seems that satisfaction was very high in 

general, but slightly more in EG2 than in EG1. 

Table 5 shows the descriptive statistics and t-test of the satisfaction survey in EG1 and EG2. The results about preference for 

Arturito over traditional methodology (see Table 4), are higher in EG2 (Dimension A: M=1,92, SD=0,25) than EG1 

(Dimension A: M=1,69, SD=0,46) (see Table 4). In this dimension, question A2 yielded the highest mean score in both 

groups, providing evidence that children think that Arturito is cooler than traditional methods.  The average sense of 

satisfaction with Arturito was very high in both groups.  However, this result was higher in EG2 (Dimension B: M=1,98, 

SD=0,06) than EG1 (Dimension B: M=1,89, SD=0,29). In this dimension, questions B1 and B2 yielded the highest mean 

scores in both groups, providing evidence that children like Arturito. In fact, all the EG2 children answered these two 

questions with the highest value on the scale.  

                We also used a t-test in order to examine whether there were differences between the mean scores in each question. 

We found that there were no significant differences between EG1 and EG2 scores in questions B1 (t=-1.41, p<0.05), B2 (t=-

1.41, p<0.05), B3 (t=-0.99, p<0.05) and A2 (t=-1.70, p<0.05), but there were significant differences in A1 (t=-2.42, p<0.05) 

and A3 (t=-2.11, p<0.05). So in general, both groups expressed the idea that they liked Arturito and it is cooler than 

traditional methods without significant differences. But, EG2 children were statistically significantly more satisfied than EG1 

children with the holographic Arturito teaching them more than just vocabulary rather than using images in books and on the 

board.   
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Table 5. Descriptive statistics and t-test for satisfaction survey in EG1 and EG2. 

Dimension Question Group Mean  SD t 

A 1 EG1 1.62 0.49 -2.42* 

    EG2 1.91 0.28   

  2 EG1 1.79 0.41 -1.70* 

    EG2 1.95 0.20   

  3 EG1 1.66 0.48 -2.11* 

    EG2 1.91 0.28   

B 1 EG1 1.91 0.28 -1.41* 

    EG2 2 0   

  2 EG1 1.91 0.28 -1.41* 

    EG2 2 0   

  3 EG1 1.87 0.33 -0.99* 

    EG2 1,95 0.20   

 

  Finally, we carried out an emotion analysis in order to measure children´s positive emotions. We analyzed photos of 

the three groups during the experiment to study the emotions of the children. A additional instructor (non-participant 

observer) was responsible for taking those images using their own smartphones. They took photos of each student 

periodically during the 4th week at the middle and the end of each student‘s session (about minute 2.5 and 5 respectively of 

each turn). A total of 140 photos, 48 photos of CG, 46 photos of EG1 and 46 photos of EG2 were analyzed to observe 

emotions expressed in children´s faces in order to obtain more qualitative information about their levels of satisfaction. In 

order to analize emotions through images we used the Microsoft Emotion API (https://www.microsoft.com/cognitive-

services/en-us/emotion-api) also known as the Oxford emotion API. We selected this specific API because it can be used to 

detect not only a face but also a grouop of faces (the maximum number of faces is 64) and it has been previously used 

successfully in other educational research (Khalfallah at al. 2017, Saneiro et al. 2014, Takac et al. 2016, Weber et al., 2016, 

Bharatharaj et al, 2017). The Emotion API uses multilayered deep learning technology to return confidence across a set of 

emotions for each face in the image, as well as a bounding box for the face. The emotions detected are anger, contempt, 

disgust, fear, happiness, neutral, sadness, and surprise. The same length emotions vector is also returned by other online 

facial emotion recognition application program (Takac et al. 2016). It is necessary to note that the original vector provided 

https://www.microsoft.com/cognitive-services/en-us/emotion-api
https://www.microsoft.com/cognitive-services/en-us/emotion-api
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from the Microsoft Emotion API consisted of eight emotions instead of seven in the classic Ekman’s model (Ekman, 1992). 

This is. because of the addition of the contempt emotion. These emotions are understood to be cross-culturally and 

universally communicated with particular facial expressions. For example, two images of the same student’s turn (EG2 

subgroup 1) are shown below (See Figure 8). It was necessary to request informed consent from children´s parents in order to 

use the photos for the research proposal. For this reason, in Figure 8 we obscured the children's eyes following the emotion 

analysis to prevent them from being identified. The image on the left  shows children in the middle of the session. In the 

image on the right (at the end of the session) the Emotion API was used in order to detect faces (indicated in rectangles) and 

show the emotions of the selected student (the girl in the center of the image).  

Figure 8: Images of EG2 subgroup 1 children during the experiment. 

 The Emotion API also returns a JSON (JavaScript Object Notation) file for each image with the number of faces 

detected, the coordinates about the location of faces in the image in pixels (left, top, width, and height) and the emotion 

values (normalized to sum one). We have used this information in order to obtain an aggregate result about emotions detected 

in all photos of each group. Table 6 shows the mean and standard deviation of the emotions detected for each group.  

Table 6. Descriptive statistics and ANOVA for Children´s emotions in CG, EG1 and EG2. 

 Emotion Group Mean  SD F statistic Post-hoc 

 Games Howell 

Anger CG 0.0030 0.0028 0.746    

  EG1 0.0031 0.0034     

  EG2 0.0039 0.0046     

Contempt CG 0.0007 0.0004 2.337   

  EG1 0.0006 0.0003     
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  EG2 0.0008 0.0004     

Disgust CG 0.0008 0.0006 2.631   

  EG1 0.0014 0.0021     

  EG2 0.0009 0.0012     

Fear CG 0.0010 0.0022 1.624   

  EG1 0.0008 0.0011     

  EG2 0.0004 0.0004     

Happiness CG 0.3123 0.1788 47.359* EG2>EG1 

  EG1 0.4804 0.1585   EG2>CG 

  EG2 0.6190 0.1129   EG1>CG 

Neutral CG 0.6667 0.1857 58.829* CG>EG1 

  EG1 0.4903 0.1574   CG>EG2 

  EG2 0.3210 0.1089   EG1>EG2 

Sadness CG 0.0071 0.0053 6.636* CG>EG2  

  EG1 0.0051 0.0046    

  EG2 0.0038 0.0029     

Surprise CG 0.0085 0.0078 28.200* EG2>EG1 

  EG1 0.0184 0.0089   EG2>CG 

  EG2 0.0504 0.0475   EG1>CG 

*p<0.05 
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 We can see in Table 6 that there are two prominent emotions in the three groups, happiness and neutral, but our goal 

is check if there are significant differences according to whether holographic technology for learning is used or not. 

According to Wilks Lambda  (λ = .375; F(16, 260)=10.300; p<.001; η
2
p=.388 ) there were differences between groups in that 

group of emotions. Those differences were found in only four of the emotions: happiness (F(2, 137)=47.359) p<.001; η
2
p=.409), 

neutral (F(2, 137)=58.829; p<.001; η
2
p=.462), sadness (F(2, 137)=6.636; p<.01; η

2
p=.088), and surprise (F(2, 137)=28.200; p<.001; 

η
2

p=.292). To check which groups were those differences were between we performed a multivariate ANOVA and post-hoc 

analysis. Prior to that, in order to verify the equality of covariance matrices we carried out Box‘s Test to test the null 

hypothesis that the observed covariance matrices of the dependent variables are equal across groups. Results showed that 

Box´s M was statistically significant so we should assume that there were differences and choose an appropriate post-hoc 

test. According to Games-Howell there were statistically significant differences between every group in happiness, neutral, 

and surprise (p<.001 ), and between CG and EG2 in sadness; mean values were EG2>EG1>CG for happiness and surprise, 

and CG >EG1>EG2 for neutral and sadness.  

Additionally, teachers were briefly interviewed and asked to provide some feedback about the children‘s behavior 

during the experiment. They asserted that the children showed a great deal of interest in Arturito. They informed us that, in 

general, EG1 and EG2 children looked happier in each session and they seemed more focused and engaged than CG children. 

They also stated that children were excited before the sessions when they knew that they were going to interact with Arturito. 

 Above all, most of the EG2 children asked to play with the hologram game again even some weeks after the 

experience.  Informal observation by their normal teacher suggested that some of the less participative children in the 

traditional learning sessions interacted more easily with the hologram than with the teacher. The teacher also reported that 

both groups (EG1 and EG2 children) laughed and smiled a lot during all the sessions with Arturito. Especially the EG2 

children who seemed to be the most excited.  

5.Discussion and Conclusions 

In this study, we used a very simple game in which children have to speak with a virtual teacher called Arturito. We used 

speech recognition to interact with children and to practice English word pronunciation. The goal of the game was to learn 

and correctly pronounce all the words asked for by Arturito as quickly as possible in order to see him dancing. It is also 

important to note that our mobile-based application is not a typical game-based learning application because it is an 

adaptation of a magic trick game. We used a hologram illusion (3D realistic image with movement) that appears real. A robot 

Hologram acts as an instructor teaching words in English using 3D images with movement. 

The results from the pre-post-test experiment confirm that the children performed better when learning and 

practicing basic oral English vocabulary using a mobile-based application with a holographic game than when using the 

traditional methods such as using images in books and on the board. The EG2 children not only had the highest scores of the 

three groups but there were also significant differences compared to the CG. This may be attributed to the holographic 

element that could be increasing students‘ motivation and interest in learning more than merely mobile-based applications 

and traditional methods. Looking back at previous research this is not surprising. The results are also in the line with 

Mnaathr, and Basha, (2013) who found that children learned science topics earlier in their educational lives with the 

application of 3D models. In addition to the game‘s inherent power in learning, motivating through fun, ‘part of the natural 

learning process in human development’ (Bisson and Luckner 1996); what is innovative in this case is the application of 

holographic technology to EFL at an early age. 

The results from the satisfaction survey confirm that the children enjoyed learning and practicing oral English 

vocabulary using the applications developed for this study, and that they preferred using them over traditional methods. 

Children in both EGs were more satisfied with Arturito in his two versions than with traditional teaching methods. 

Additionally, the children in the holographic group scored Arturito significantly higher than traditional methods and their 

scores indicated that they would like that him to teach them more “stuff“ going beyond the use of images in books and the 

board. Again, this is not surprising as holographic technology is a novelty that provides a rich variety of graphic 

representations to generate more realistic scenarios and is literally using technology to represent reality and embody fantasy. 

The teacher informally talked to the kids about the holographic version of Arturito and was given answers like “Arturito is 

alive”, “he is real”, “it is more fun than the phone”, “he is a robot ghost”, “I love when he sings and dances”, or “it is like 

magic”. This chimes with the idea of students seeking of new ways to learn and our perception of the hologram as a new 

learning tool that increases learning (Golden, 2017). 
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 The teacher informally reported that most of the EG2 children asked to play with the hologram game again even 

some weeks after the experience, and that some of them, especially those who participate less in traditional learning sessions, 

interacted more easily with the hologram than with the instructor.  Although this information comes from an informal 

observation it does shed some light on one of the major challenges when intervening in learning, which is the difficulty of 

maintaining positive intervention effects over time (Melnyk & Morrison-Beedy, 2012). The instructor also reported that, in 

general, children seemed very happy, focused, interested and engaged when using the hologram game. Although this 

observation would need systematization and further investigation, this preliminary evidence is consistent with previous 

research (Annetta et al., 2009).   

The most remarkable gains that the teacher reported were in terms of attention, engagement, and curiosity. In line 

with the results from Durango (2015), the teacher stated that the hologram kept those children that have some attention 

difficulties in the regular learning sessions focused on the task. It is not surprising to achieve cognitive outcomes when using 

games for learning (Boyle et al., 2016). Children learn through playing games because this is the easiest way for them to 

imagine and connect with objects and the world around them, so whenever a game is introduced in language classes,  

students’ motivation is thought to increase based on common sense (Yiltanhhlar & Kivanc, 2015). Additionally, the art of 

magic has the potential to amaze and capture and hold the attention of people of all ages (Spencer, 2012). In this regard, the 

analysis of emotions in children’s photos during the sessions suggested that children using the application with the 

holographic game demonstrated more happiness and surprise and less sadness and neutral emotion than those using only the 

smartphone or the traditional teaching methods. It is easy to guess the effect of happiness on learning (Csikszentmihalyi, 

2014) or emotions identified in previous research as low in arousal, such as neutral feelings and boredom (Harley,  Bouchet, 

Hussain, Azevedo, & Calvo, 2015). It is much more challenging to reflect on previous results showing that positive emotions 

foster academic achievement only when they are mediated by motivation (Mega, Ronconi, De Beni, 2014).  Previous 

research has also shown that holograms seem to arouse curiosity in children, and people are better at learning information 

that they are curious about (Gruber, Gelman, & Ranganath, 2014). Although it may sound banal, this emotional-motivational 

state has an important role when acquiring knowledge and making the process pleasurable (D’Mello, 2012; Litman, 2015). 

Other results have shown that academic emotions are significantly related to students' motivation, learning strategies, 

cognitive resources, self-regulation, and academic achievement (Pekrun, Goetz, Titz, & Perry, 2002). The findings indicate 

that affective research in educational and computer science should acknowledge the role of emotional importance in 

academic settings by addressing the study of the full range of emotions experienced by students when introducing cutting 

edge educational methods. It is interesting to note that we only took photographs in the final session (week four) in order to 

avoid the effect of novelty from the technology. The users of mobile, technology games, and other types of computer-based 

instruction experience a transient effect because of their novelty (Kulik and Kulik, 1991).  

 Much more research needs to be conducted before concluding that a hologram is better than a teacher or can 

substitute for a teacher, something that is not the horizon of the current work, but this approach could be a radical change in 

instructional style based on ICTs applied to education. The greatest promise of educational software is not teaching efficiency 

but altering the curricula, and the core contribution is not so much the teaching as the child's learning process. In line with 

this, introducing tools such as Arturito in educational settings could reduce training time and instructor load, affording 

opportunities for drill and practice, for example. Additionally, these kinds of technologies enable students to be more 

responsible and self-regulated, and this could be a relief for teachers who have been trying to achieve this since the 

constructivist approach to learning emerged (Fat, 2000). In fact, a holographic resource could be understood as a cutting-edge 

evolution of the already traditional means like blackboards, text books, playing cards, and interactive whiteboards. Therefore, 

the potential of a projected 3D image in technical (portability, personalization, etc.) and learning terms (novelty, 

gamification, etc.) is extremely promising. 

  The study is subject to some limitations. We are aware of the assessment methodology used. The performance tests 

only inform us about the children´s declarative knowledge. In addition, a self-informed survey to measure satisfaction and the 

methodology preference in the sample is only valid as a preliminary result. Considering the potential of holograms for 

learning, it would be interesting to systematically explore other core variables in learning such as metacognition, self-

regulation, or the motivational spectrum. In addition, aspects for providing a more personalized gaming experience to sustain 

the engagement of the players with the game may be considered. For that reason, one of our future plans is to implement 

observational video tools in order to test and improve the learning experience. While there are methodological difficulties 

with this methodology, an observational video instrument would allow us to make more valid assessments of children’s 

cognitive and metacognitive processes during learning with the hologram, and not be restricted to just the result. Currently, 

the work from Whitbread and colleagues is heading in this direction, constructing and developing observational instruments 
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from recording early aged child ‘events' that are very helpful for our approach (Whitebread et al., 2009; Whitebread and 

Coltman, 2015; Whitebread et al., 2009). Furthermore, the Flow Theory approach will undoubtedly improve the experience 

when practicing, particularly in the sequential and random modes. Flow theory is a new subject worth considering in EFL 

learning (Guan, 2013). An interesting future prospect for this work is to dynamically adapt the game to balance it to every 

child‘s skill level and the challenge of the task. When a task is too difficult, it might make the child anxious, when a task is 

too easy, that may end up in inattentiveness or boredom. When the task is just right, children are focused and immersed in the 

learning process, a state of flow that seems to be useful for sustaining the engagement of the player with the game (Sajjadi, 

Van Broeckhoven, & De Troyer, 2014). 

 Another limitation is the quasi-experimental nature of using existing classes. The next  steps are to replicate the 

experiment using a strict experimental design, in which children would be randomly assigned to classes. We also want to 

increase the sample and the English skills contained in the pre-school curricula. As well as this, bearing in mind the empirical 

results, increasing the difficulty of the learning material would probably give us more information about instructional 

practice. As observed, the children’s pre-test scores were already quite good for every group, therefore, the potential progress 

that could be achieved by the EGs is lower and harder to achieve than if the margin were bigger. The good news is that with a 

simple software improvement, the student can deal with practically limitless content and be faced with differing levels of 

challenge, tasks can be instantly updated, customized and modified by teachers or even individual players, so that the player 

becomes part of the creative team. However, one must remember that computer games for learning are particularly effective 

when addressing a specific problem or teaching a certain skill (Griffiths 2002), for example in encouraging learning in 

curriculum areas such as maths, physics and languages, where specific objectives can be stated (Randel, Morris, Wetzel, & 

Whitehill 1992). 

 

Another, unfortunately typical limitation of this kind of work is that we do not know how long our intervention results are 

sustained for. However, this is not a core aspect in our study as we are not proposing a remedial intervention but a tool to 

introduce in the teaching-learning routine. Moreover, we conducted the post-test one week after the experiments trying to test 

long-term memory and avoiding immediate transience, or forgetting that occurs with the passage of time. In the future, it 

would be necessary to take repeated measures to test the effect of the hologram on both learning and levels of motivation 

over time. In a large number of similar studies on EFL vocabulary learning post-tests were administered immediately after 

experiments (Agca and Ozdemir, 2013, Ashraf et al. 2015, Mashhadi and Jamalifar, 2015). Raiche (2011) proposed waiting 

at least 24 hours or ideally a few days to test long-term retention but only a proportion of research into second language 

vocabulary learning administered multiple post-tests. Two post-tests, two days later and one week later were conducted to 

check if the effect was maintained over time by Barcroft (2007), and three retention tests were carried out in another related 

study: one the day after the last practice, four weeks after the last practice, and eight weeks after the last practice by Schuetze 

(2017). This kind of tracking is also supported by language instructors (Oxford, 1990). 

 Finally, with respect to the software application and hologram, some technical improvements are already being 

made to improve the learning experience; the size of the hologram and the the volume of the  hologram´s voice. Currently, 

the hologram could be bigger and its voice louder, allowing larger student groups. For example, we could use a tablet instead 

of a smartphone and we could use an additional speaker. These simple improvements would make the experience smoother 

for using in a class/group with more students. In conclusion, we recognize that mobile-based applications and holograms are 

not a panacea but if innovative technologies are more engaging and appealing to students and if, in turn, these learners are 

more motivated to interact with these learning environments than with traditional materials, then this in itself may justify the 

use of and deeper investigation into these resources. 

 

 

 

 

 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

21 

  

 

References 

Agca, R. K., & Özdemir, S. (2013). Foreign language vocabulary learning with mobile technologies. Procedia-Social and 

Behavioral Sciences, 83, 781-785. 

Agusalim, I. D., Assidiqi, M. H., Kom, A., & Muhammad, A. F. (2014). Developing mobile application of interactive 

English pronunciation training to improve EFL students’ pronunciation skill. Journal of Education and Practice, 5(33), 

135-140. 

Alkhalifah, H., Hansen, E., Tapp, A. & Hansen, D. (2012). Does the use of Technology Actually Help English as a Second 

Language Students?.In Proceedings of Society for Information Technology & Teacher Education International 

Conference, Chesapeake, VA, 2212-2215. 

Annetta, L. A., Minogue, J., Holmes, S. Y., & Cheng, M. T. (2009). Investigating the impact of video games on high school 

students’ engagement and learning about genetics. Computers & Education, 53(1), 74-85. 

Ashraf, H., Motlagh, F. G., & Salami, M. (2014). The impact of online games on learning English vocabulary by Iranian 

(low-intermediate) EFL learners. Procedia-Social and Behavioral Sciences, 98, 286-291. 

Bharatharaj, J., Huang, L., Mohan, R. Al-Jumaily, A., Krägeloh, C. (2017). Robot-Assisted Therapy for Learning and Social 

Interaction of Children with Autism Spectrum Disorder. Robotics, 6(4), 1-11. 

Boyle, E. A., Hainey, T., Connolly, T. M., Gray, G., Earp, J., Ott, M., & Pereira, J. (2016). An update to the systematic 

literature review of empirical evidence of the impacts and outcomes of computer games and serious games. Computers 

& Education, 94, 178-192. 

Barcroft, J. (2007). Effects of opportunities for word retrieval during second language vocabulary learning. Language 

Learning, 57(1), 35-56. 

Bisson C, Luckner J (1996). Fun in learning: the pedagogical role of fun in adventure education. Journal of Experimental 

Education, 19(2), 108–112. 

Brown, D. (2001). Teaching by principles: An interactive approach to language pedagogy. Longman Pearson Education 

Company. 

Burston, J. (2015). Twenty years of MALL project implementation: A meta-analysis of learning outcomes. ReCALL, 27(1), 

4-20. 

Cameron, L. (2001). Children learning a foreign language.Cambridge University Press. 

Cavus, N. (2016). Development of an intellegent mobile application for teaching English pronunciation. Procedia Computer 

Science, 102, 365-369. 

Carrasquillo, A. L. (2013). Teaching English as a second language: A resource guide. Routledge. 

Chiu, Y. (2013). Computer-assisted second language vocabulary instruction: A meta-analysis. British journal of Educational 

Technology. 44(2): 52-56. 

Csikszentmihalyi, M. (2014). Learning,“flow,” and happiness. In Applications of Flow in Human Development and 

Education (pp. 153-172). Springer Netherlands. 

Curzon, P., McOwan, P. W. (2008). Engaging with computer science through magic shows. In ACM SIGCSE Bulletin. 40, 

(3):.179-183. 

Curzon, P., McOwan, P. W. (2013). Teaching formal methods using magic tricks. In Fun with Formal Methods: Workshop at 

the 25th International Conference on Computer Aided Verification. 

Dunninger, J. (1987). Dunninger's complete encyclopedia of magic. Value proprietary. 

Durango, I., Gallud, J.A., Carrascosa, A., Penichet, V. (2015). Using Serious Games to Improve Therapeutic Goals in 

Children with Special Needs. MobileHCI Conference. Copennhagen, Denmark, 743-749. 

D’Mello, S. (2012). Monitoring affective trajectories during complex learning. In Encyclopedia of the Sciences of Learning, 

2325-2328. Springer US. 

P. Ekman, (1992) An argument for basic emotions. Cognition & emotion 6, no. 3-4, 169-200. 

Fat, J. P. T. (2000). Fostering creativity in education. Education, 120, 4. 

Figueiredo, J.G., Cardoso, P.J.S., Gonzalves, C.D.F., Rodriguez, J.M.F. (2014) Augmented Reality and Holograms for the 

Visualization of Mechanical Engineering parts. International Conference on Information Visualization. 368-373. 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

22 

  

 

Freitas, S. (2006). Learning in Immersive worlds. A review of game-based learning Prepared for. JISC. 1-23. 

Finnsson. (2015). Computer Games & Their Effect on The Language Acquisition of Non-Native English Speakers. 

Thesis.University of Iceland. 

Flores, C., Corcoll, C. (2015). Learning a foreign language in infant education: a challenge for the school. 1-6. 

http://srvcnpbs.xtec.cat/cirel/cirel/docs/pdf/challenge.pdf 

Frey, A.H., Eichert, E.S. (1978). An Evaluation of Holograms as Training and Job Aids. Human Factors: The Journal of the 

Human Factors and Ergonomics Society, 20: 661-670. 

Gabor, D. (1948). A new microscopic principle. Nature, 161(4098), 777-778. 

Graves, M. F., August, D., Mancilla-Martinez, J. (2012). Teaching vocabulary to English language learners. Teachers 

College Press. 

Hackett, M. (2013).Medical Holography for Basic Anatomy Training.Interservice/Industry Training, Simulation, and 

Education Conference. 1-10. 

Gairns, R., Redman, S. (1986) Working With Words. Cambridge: CUP. 

Ghuloum, H. (2010). 3D Hologram Technology in Learning Environmet.Proceedings of Informing Science&IT Education 

Conference. 693-704. 

Golden, S. A. (2017). Augmented 3D holograms in higher education, increasing students' learning outcome scores: A mixed 

methods study (Doctoral dissertation, Keiser University). 

Griffiths M. D. (2002). The educational benefits of videogames. Education and Health, 20(3), 47–51. 

Gruber, M. J., Gelman, B. D., & Ranganath, C. (2014). States of curiosity modulate hippocampus-dependent learning via the 

dopaminergic circuit.Neuron, 84(2), 486-496. 

Guan, X. (2013). A Study on Flow Theory and translation teaching in China’s EFL Class. Journal of Language Teaching and 

Research, 4(4), 785-790. 

Harley, J. M., Bouchet, F., Hussain, M. S., Azevedo, R., & Calvo, R. (2015). A multi-componential analysis of emotions 

during complex learning with an intelligent multi-agent system. Computers in Human Behavior, 48, 615-625. 

Leuski, A., Pair, J., Traum, D., McNerey, P., Georgiou, P., Patel, R. (2006). How to Talk to a Hologram.International 

Conference on Intelligent User Interfaces, 360-362. 

Liaw ML. (2014). The affordance of speech recognition technology for EFL learning in an elementary school setting. 

Innovation in Language Learning and Teaching; 8(1): 79-93. 

Litman, J. (2005). Curiosity and the pleasures of learning: Wanting and liking new information. Cognition & emotion, 19(6), 

793-814. 

Lui, S. (2014). Use of gamification in vocabulary learning: A case study in macau. In 4th CELC Symposium Proceedings.90-

97. 

López, X., Valenzuela, J., Nussbaum, M., & Tsai, C. C. (2015). Some recommendations for the reporting of quantitative 

studies. Computers & Education, 91(C), 106-110. 

Mashhadi, F., Jamalifar, G. (2015). Second language vocabulary learning through visual and textual representation. Procedia-

Social and Behavioral Sciences, 192, 298-307. 

Martins, T., Carvalho, V., Soares, F., Araujo, M. (2015). The use of serious games as a successful education tool. 

International conference on e-learning in the Workplace. New-York, 1-6. 

Mega, C., Ronconi, L., & De Beni, R. (2014). What makes a good student? How emotions, self-regulated learning, and 

motivation contribute to academic achievement. Journal of Educational Psychology, 106(1), 121. 

Melnyk, B. M., & Morrison-Beedy, D. (2012). Intervention research: Designing, conducting, analyzing, and funding. 

Springer Publishing Company. 

Mnaathr, S., & Basha, A. (2013). Descriptive Study of 3D Imagination to Teach Children in Primary Schools: Planets in 

Outer Space (Sun, Moon, Our Planet).Computer Science and Information Technology, 1(2), 111-114. 

Nacher, V., Garcia-Sanjuan, F., Jaen, J. (2015). Game Technologies for Kindergarten Instruction: Experiences and Future 

Challenges. Congreso de la Sociedad Española para las Ciencias del Videojuego, Barcelona, 58-67. 

Nation, I. S. (2013). Learning Vocabulary in Another Language Google eBook. Cambridge University Press. 

http://srvcnpbs.xtec.cat/cirel/cirel/docs/pdf/challenge.pdf


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

23 

  

 

Neri, A., Mich, O., Gerosa, M., & Giuliani, D. (2008). The effectiveness of computer assisted pronunciation training for 

foreign language learning by children. Computer Assisted Language Learning, 21(5), 393-408. 

Nguyen, T. T. H. & Khuat, T. T. N. (2003) The effectiveness of learning vocabulary through games, Asian EFL Journal 

Quarterly, 5(4), 233-249. 

Oxford, R.L. (1990). Language Learning Strategies: What Every Teacher Should Know. Boston: Heinle. 

Palánová, K. (2010). Use of Games in English Language. Department of English Language and Literature, Bechalor thesis. 

Masaryk University. 

Peregoy, S.F., Boyle, O.F. (2001). Reading, writing, and learning in ESL. New York: Addison Wesley Longman. 

Prensky, M. (2001) Digital game-based learning. New York, McGraw-Hill. 

Pilar, R. A., Jorge, A., & Cristina, C. (2013). The use of current mobile learning applications in EFL. Procedia-Social and 

Behavioral Sciences, 103, 1189-1196. 

Khalfallah, J. Slama, J.(2017). Relevant Metrics for Facial expression recognition in Intelligent Tutoring System. Innovations 

in Smart Learning. 

Ko, K. (1998). Superimposed Holographic Image-Guided Neurosurgery. Journal of Neurosurgey, 88:777-781. 

Ko, K., Webster, J. (1995). Holographic imaging of human brain preparations - A step toward virtual medicine. Surgical 

Neurology, 44: 428-432. 

Kukulska-Hulme, A., Pettit, J., Bradley, L., Carvalho, A., Herrington, A., Kennedy, D., & Walker, A. (2011). Mature 

Students Using Mobile Devices in Life and Learning. International Journal of Mobile and Blended Learning, 31(1), 18-

52. 

Raichle, M. (2011). The restless brain. Brain Connectivity, 1, 3-12. 

Randel J.M., Morris B.A., Wetzel C.D., Whitehill B.V. (1992). The effectiveness of games for educational purposes: a 

review of recent research. Simulation and Gaming, 23(3), 261–276. 

Sajjadi, P., Van Broeckhoven, F., & De Troyer, O. (2014, April). Dynamically adaptive educational games: A new 

perspective. In International Conference on Serious Games (pp. 71-76). Springer, Cham. 

Saneiro, M. Santos, O. Salmeron-Majadas, S. (2014). Towards emotion detection in educational scenarios from facial 

expressions and body movements through multimodal approaches. The Scientific World. 

http://dx.doi.org/10.1155/2014/484873  

Schunk, D. H., & Zimmerman, B. J. (Eds.). (2012). Motivation and self-regulated learning: Theory, research, and 

applications. Routledge. 

Schunk, D. H., Meece, J. R., & Pintrich, P. R. (2012). Motivation in education: Theory, research, and applications. Pearson 

Higher Ed. 

Settembre, J. (2013). Magician and inventor Mark Setteducati creates HolograFX, a magic set that lets kids project 

holograms. NEW YORK DAILY NEWS. Sunday, November 17. 

http://www.nydailynews.com/entertainment/abracadabra-mark-setteducati-invents-holografx-article-1.1517735 

Sharton, D.A. (2010). Virtual Holograms. TS8951 - Survey of Research Literature. 1-20. 

Simona, L.F. (2015). The Effects of Using Games for English as a Second Language Primary School Learners. Discourse as 

a Form of Multiculturalism in Literature and Communication. Section: Language and Discourse. ARHIPELAG XXI 

PRESS. 773-776. 

Spencer, K. (2012). Hocus focus: Evaluating the academic and functional benefits of integrating magic tricks in the 

classroom. Journal of the International Association of Special Education, 13(1), 87-99. 

Squire, K. D. (2002). Rethinking the Role of Games in Education. International Journal of Computer Game Research, 2.1. 

Steinmeyer, J. (2013). The Science Behind the Ghost: A Brief History of Pepper's Ghost, The Victorian Theatrical 

Sensation.Hahne.  

StojkoviĤ, K., M. & JerotijeviĤ, M., D. (2011). Reasons for Using or Avoiding Games in an EFL Classroom. 5-7. 

Schuetze, U. (2017). Efficiency in Second Language Vocabulary Learning. Die Unterrichtspraxis/Teaching German, 50(1), 

22-31. 

Suwantarathip, O., Orawiwatnakul, W. (2015). Using mobile-assisted exercises to support students' vocabulary skill 

development. TOJET: The Turkish Online Journal of Educational Technology, 14(1): 163-171. 

http://www.nydailynews.com/entertainment/abracadabra-mark-setteducati-invents-holografx-article-1.1517735


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

24 

  

 

Sweeting, A. (2016). Pronunciation in the classroom: The overlooked essential. English Australia Journal, 32(1), 109. 

Takac, P., Sincak, P., Mach, M. (2016). Lecture improvement using students emotion assessment provided as SaS for 

teachers. In International Conference on Emerging eLearning Technologies and Applications. 347-351. 

Tobias, S., Fletcher, J. D., & Wind, A. P. (2014). Game-based learning. In Handbook of research on educational 

communications and technology (pp. 485-503). Springer New York. 

Vangnes, V., Gram, N.T., Krumusvik, R. (2012). Computer games in pre-school settings: Didactic challenges when 

commercial educational computer games are implemented in kindergartens. Computer&Education, 58, 1138-1148. 

Vygotsky, L. S. (1967). Play and its role in the mental development of children. Soviet Psychology, 5(3), 6–18. 

Vichea, I. (2010). Using Origami and Magic Tricks to Teach English.The Internet TESL Journal 15: 1-4. 

Vincent, T. (2012). Introduction to Holography. CRC Press. 

Walker, R.A. (2012). Holograms as Teaching Agents. Journal of Physics: Conference Series, 415, 1-5. 

Weber, H., Cruz, A., Mateus, A. (2016). Emotion and Mood in Design Thinking. Design Doctoral. Portugal. 1-8. 

Whitebread, D., &Coltman, P. (Eds.). (2015). Teaching and learning in theearlyyears. Routledge. 

Whitebread, D., Coltman, P., Jameson, H., & Lander, R. (2009). Play, Cognition and Self-Regulation: What exactly are 

children learning when they learn through play?. Educational and Child Psychology, 26(2), 40. 

Whitebread, D., Coltman, P., Pasternak, D. P., Sangster, C., Grau, V., Bingham, S., ...&Demetriou, D. (2009). The 

development of two observational tools for assessing metacognition and self-regulated learning in young 

children.Metacognition and Learning, 4(1), 63-85. 

Wu, P. (2013). How to increase student’s English learning interest? Academic Writing, 1-5. 

Yiltanhhlar, A, Kivanc, C. (2015). The role of using games in ELT: Teenagers. International jounal of innovative eduaional 

research. 3(3): 15-25. 

Zahedi, Y., Abdi, M. (2012). The impact of imagery strategy on EFL learners’ vocabulary learning. Procedia-Social and 

Behavioral Sciences, 69, 2264-2272. 

 



TABLE 1 
VOCABULARY USED IN THE EXPERIMENTS. 

 

Vocabulary v1 Vocabulary v2  

Sun Moon 

Car Bus 

Fish Seal 

Bird Duck 

Shoes Boots 

Shark Crab 

Tree Grass 

Flower Cactus 

Butterfly Dragonfly 

JellyFish Starfish 

 

 

Table 1



Table 2 
Descriptive statistics and paired-sample t-test for pre-test and post-test. 

 

Group Variable Mean  SD t 

CG (N=24) Pre-test 3.95 0.95 23.87* 

 Post-test 7.00 1.02  

EG1 (N=23) Pre-test 4.04 1.33 21.10* 

 Post-test 7.52 1.16  

EG2 (N=23) Pre-test 4.13 1.05 29.73* 

 Post-test 8.08 1.12  

*p<0.05 

 

Table 2



Table 3 
ANOVA results of the learning achievement for the pre-test. 

 

Variable 
Source Sum of 

Squares 

Degrees of 

freedom 
Mean Square F statistic 

Pre-test Between groups 0.34 2 0.17 0.13* 

 Within groups 84.52 67 1.26  

 Total 84.87 69   

*p<0.05 

 

Table 3



Table 4 
ANCOVA results of the learning achievement for the post-test. 

 

Source Sum of 

Squares 

Degrees of 

freedom 
Mean Square F statistic 

Ad Hoc 

Adjusted means 10.56 2 5.28 12.397* EG1 > CG 

EG2 > CG 

  EG2 > EG1 

Adjusted error 28.11 66 0.426   

Adjusted total 38.67 68    

*p<0.05 

 

Table 4



Table 5 
DESCRIPTIVE STATISTICS AND T-TEST FOR SATISFACTION SURVEY IN EG1 AND EG2. 

 

Dimension Question Group Mean  SD t 

A 1 EG1 1.62 0.49 -2.42* 

    EG2 1.91 0.28   

  2 EG1 1.79 0.41 -1.70* 

    EG2 1.95 0.20   

  3 EG1 1.66 0.48 -2.11* 

    EG2 1.91 0.28   

B 1 EG1 1.91 0.28 -1.41* 

    EG2 2 0   

  2 EG1 1.91 0.28 -1.41* 

    EG2 2 0   

  3 EG1 1.87 0.33 -0.99* 

    EG2 1,95 0.20   
*p<0.05 
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TABLE 6 

DESCRIPTIVE STATISTICS AND ANOVA FOR CHILDREN´S EMOTIONS IN CG, EG1 AND EG2. 

 

 Emotion Group Mean  SD F statistic Post-hoc 
 Games 

Howell 

Anger CG 0.0030 0.0028 0.746    

  EG1 0.0031 0.0034     

  EG2 0.0039 0.0046     

Contempt CG 0.0007 0.0004 2.337   

  EG1 0.0006 0.0003     

  EG2 0.0008 0.0004     

Disgust CG 0.0008 0.0006 2.631   

  EG1 0.0014 0.0021     

  EG2 0.0009 0.0012     

Fear CG 0.0010 0.0022 1.624   

  EG1 0.0008 0.0011     

  EG2 0.0004 0.0004     

Happiness CG 0.3123 0.1788 47.359* EG2>EG1 

  EG1 0.4804 0.1585   EG2>CG 

  EG2 0.6190 0.1129   EG1>CG 

Neutral CG 0.6667 0.1857 58.829* CG>EG1 

  EG1 0.4903 0.1574   CG>EG2 

  EG2 0.3210 0.1089   EG1>EG2 

Sadness CG 0.0071 0.0053 6.636* CG>EG1 

  EG1 0.0051 0.0046   CG>EG2 

  EG2 0.0038 0.0029   EG1>EG2 

Surprise CG 0.0085 0.0078 28.200* EG2>EG1 

  EG1 0.0184 0.0089   EG2>CG 

  EG2 0.0504 0.0475   EG1>CG 

*p<0.05 

 

Table 6
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