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Abstract

Learning Analytics (LA) approaches have proved to be able to enhance learning process and learning 
performance. However, little is known about applying these approaches for second language acquisition using 
educational games. Therefore, this study applied LA approaches to design a smart collaborative educational 
game, to enhance primary school children learning English vocabularies. Specifically, the game provided 
dashboards to the teachers about their students in a real-time manner. A pilot experiment was conducted in a 
public primary school where the students’ data from experimental and control groups, namely learning and 
motivation test scores, interview and observation, were collected and analyzed. The obtained results showed 
that the experimental group (who used the smart game with LA) had significantly higher motivation and 
performance for learning English vocabularies than the control group (who used the smart game without LA). 
The findings of this study can help researchers and practitioners incorporate LA in their educational games to 
help students enhance language acquisition.

DOI:  10.9781/ijimai.2021.03.002

I. Introduction

Arnold, Greenville and Doe [1] stated that the traditional 
methods for learning second languages are difficult and less 

engaged, resulting in negative learning outcomes. Flores [2] stated 
that Second Language Acquisition (SLA) strategies should be based 
on technologies since students of this era are technological natives. 
Additionally, immersive learning experiences play an important role 
in facilitating SLA. This immersion experience can be achieved by 
different technologies including games [3]. Several studies have proved 
that integrating playing and challenge while learning can improve 
students’ outcomes [4]. Consequently, educational games have started 
gaining an increased attention from researchers and practitioners as 
a way of engaging students in learning. Educational games are games 
with the fundamental needs of learning by providing fun, motivation, 
creativity and social interaction [5], [6]. Especially, while playing 

games, students are situated in a gaming scenario to complete a series 
of learning tasks individually, collaboratively or even competitively. 
Despite that educational games are effective tools in enhancing the 
learning process, several research studies also reported that they are 
black boxes where teachers cannot unlock what students did in the 
learning process (except the final scores and levels cleared) and how 
they behaved towards the learning goal [7], [8].

Therefore, this study describes a smart collaborative educational 
game developed in this research, based on LA approaches, to teach 
primary school students English vocabulary. The game collected 
the students’ learning interaction data and analyzed them to create 
dashboards that can help teachers understand how their students were 
learning using the game. The teachers can then provide the needed 
interventions to each student and each team accordingly. Additionally, 
this game adopted collaborative learning strategy in which achieving 
the game’s goal depends on the efforts of all the team members. While 
LA approaches have been applied for several educational purposes, 
little attention has been paid to use these approaches for language 
acquisition [9], calling for further research in this regard. Additionally, 
despite that several educational games incorporated LA in the 
literature, to the best of our knowledge, none of these games applied 
collaborative learning while playing for second language acquisition.
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Finally, this study compares the impact of the smart collaborative 
educational game and the non-smart version of the game on students’ 
learning performance and motivation. The only difference between 
the smart and non-smart versions of the game is that the smart version 
incorporated LA to provide automatic dashboards about students’ 
learning progress while the non-smart version did not.

The rest of the paper is structured as follows: Section II presents 
related work related to SLA and learning analytics in educational 
games. Section III describes the developed Jungle animals game- a 
smart collaborative educational game for teaching English vocabulary. 
Section IV presents the research method, while Section V presents the 
obtained results. Finally, Section VI discusses these results with the 
limitation of this study and future directions.

II. Related Work

A. Second Language Acquisition and Collaborative Learning
Second language acquisition is the learning and acquisition of a 

second language once the mother tongue or first language acquisition 
is established [10]. Hart and Risley [11] state that First Language 
Acquisition (FLA) is different than SLA because FLA occurs naturally 
and perhaps without any formal instruction, simply by students 
being constantly exposed to language rich environments over the 
course of many years. SLA, on the other hand, relies on more specific 
pedagogical approaches. In these settings, a major goal frequently is 
to formally teach students the elements of language that are learned 
much more informally in their native language.

Specifically, this research study aims to collaboratively teach English 
as a SLA. Collaborative learning is a pedagogical approach that implies 
students to work in groups to complete an activity or solve a given 
problem. Siemon, Becker, Eckardt, & Robra-Bissantz [12] introduce 
different principles for collaboration systems, as follows: “Reciprocity” 
refers to exchanging information and efforts. If a collaborator offers 
more effort, the other members have to return the effort when needed. 
The “common goal” is the most important factor in collaboration that 
motivates every team member to work with others. “Mutual respect 
and trust” enhance teamwork in a variety of ways. It is positively 
linked to a team performance. “Cohesiveness” refers to the perception 
of a team as one unified force. “Benevolence and commitment” mean 
that team members should not intentionally work against their team 
members and should deliver sufficient efforts to help their teams.

To teach SLA (individually or collaboratively), several researchers 
have used educational games to motivate students and provide 
learning environments and scenarios similar to real situations, as 
discussed in the next section.

B. Educational Games and the Application of Learning Analytics
Several researchers have highlighted that educational games 

facilitate language learning since they are interactive and motivating. 
Additionally, they provide an environment similar to a real one, which 
enables students to easily practice the needed language and learn it 
effectively [3]. Surkamp and Viebrock [13] mentioned that games from 
simple vocabulary to role-playing games could enhance the language 
learning experience. However, Hung, Chang and Yeh [14] showed in 
a comprehensive literature review in SSCI language learning journals 
that only 4% of the published articles are related to Digital Game Based 
Language Learning (DGBLL). Additionally, the same authors reported, 
in their literature review, that 79% of DGBLL educators prefer to 
use off-the-shelf digital games over self-developed ones in order to 
reduce development cost and effort [14]. This shows the need to pay 
more attention to the development and use of educational games 
for language learning. Therefore, as a first contribution, this study 

focuses on developing a collaborative educational game for English 
vocabulary learning. In this context, Chiu, Kao, and Reynolds [15] 
highlighted the importance for further research on English learning 
using games beyond drill and practice genres.

Additionally, despite that educational games, including DGBLL, are 
motivating and interactive, they are black boxes [7], [8]. This means 
that teachers will not have the possibility to see how their students 
are learning (e.g., what they mastered and what not). To change that, 
researchers have thought of making use of the generated big data 
from the student’s interaction with educational games by analyzing 
them to understand the learning process. The analysis of learning 
data is often referred to as LA, which is defined as “the measurement, 
collection, analysis and reporting of data about students and their 
context, for purposes of understanding and optimizing learning and 
the environments in which it occurs” [16]. Hauge et al. [17] mentioned 
that the provided feedback based on LA can help students do better 
in an educational game. Reinders [18] further mentioned that LA in 
language learning can help teachers monitor their students whether 
there are learning individually or collaboratively, hence provide early 
interventions and support accordingly. For instance, Youngs, Moss-
Horwitz, and Snyder [19] applied LA for online French learning (not 
collaborative) and argued that one of the main purposes of LA is to 
provide teachers insights on student learning and highlight where 
and when they need to step in to monitor students. Consequently, 
the students had better learning performances compared to the other 
group of students (control group). Additionally, several studies showed 
that analyzing students’ online behaviors could help in assessing their 
language learning performance and obstacles, hence those students 
who need more learning support could be identified [20], [21]. 

However, Gelan et al. [22] pointed out that little attention has been 
paid on the use of LA in language learning. Similarly, Thomas, Reinders 
and Gelan [9] stated that despite the promise of LA, its application 
in language teaching and learning has thus far been minimal. Hung, 
Yang, Hwang, Chu and Wang [23], in their literature review about 
GBLL, reported that most studies used traditional instruments instead 
of LA to evaluate the language learning process within games, namely 
perception questionnaires, learning tests and interviews. Nonetheless, 
in some studies studying LA in games [24]; [25], no study reported 
the use of LA in GBLL. This highlights the need for more practical 
investigations about the potential uses of LA in GBLL. Therefore, this 
study develops a smart collaborative educational game for teaching 
English, which incorporates LA to provide learning support for 
teachers to monitor their students while learning. Table I presents 
a comparison between various educational games for language 
learning that were developed in the literature, and the educational 
game reported in this study (last row of Table I). As the information 
shown in Table I, it can be seen that a lack of attention has been paid 
to develop collaborative educational games for English learning with 
LA support; this is the main contribution of this study.

TABLE I. Comparative Table of Educational Games in the Literature 
and the Developed Game in This Study

Educational game Taught 
Language Learning type

Incorporate 
learning 
analytics 

Hung, young and 
Lin [26]

English Collaboratively No

Hasegawa [27] English Individually Yes

Wichadee and 
Pattanapichet [28]

English Individually Yes

Gamlo [29] English Individually No
Bahari [30] English Collaboratively No
Jungle animals English Collaboratively Yes
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To summarize, this study contributes to extend the literature by 
developing a smart collaborative educational game, namely “Jungle 
animals game” for teaching English to primary school students. This 
game applied different collaborative strategies to enhance learning 
English vocabulary. It also incorporated LA approach based on K-mean 
algorithm to generate automatic dashboards for teachers to monitor 
their students and provide real-time interventions for them, as well 
as for students to keep track of their learning progress. K-means was 
chosen because of the simple implementation, speed of convergence 
and adaptability to sparse data [31].

III. Jungle Animals Game

A. Collaborative Learning
Jungle animals is an adventure 2D – multiplayer game that aims 

to teach English vocabulary, specifically animal names, as well as the 
spelling of each word for primary school students. The motivation 
behind choosing this topic (animal names) is that, most students are 
already familiar with the names of animals in their native language. 
Additionally, animals are a popular topic in early English curriculums 
[32]. In a face-to-face game setting, each student can see the other 
team members to ensure the individual accountability and increase 
collaboration. The story of the game is that a plane fell into an 
unknown forest. The survivors (students) must work together to find 
a computer with the GPS in it to escape. In the first level, the students 
have to find the password so they can use the computer. To do so, they 
have to collect letters and sounds which will be used for the password. 
During the second level, the students navigate to the nearest city 
where they will meet an old man to get instructions on how to make a 
city map by collecting pictures and words in the city, so they can find 
the right way to the airport to go home.

The students can be in different locations or in a shared area (forest 
in the proposed game) to increase interaction and collaboration among 
them [33]. Specifically, the shared “objects”, such as letters, sounds 
and animals, can be found by different team members and they have 

then to exchange acquired information through social interaction. For 
instance, as shown in Fig. 1, a student in the first level cannot find 
the password without his/her team members’ help because letters and 
sounds are divided among them. Therefore, they have to communicate 
via the chat box and work together to insert the password. Table II 
presents the different mechanisms used in the developed educational 
game in this study and how they promote collaboration.

Fig. 1. An example of “insert password” collaborative task using chat box.

Furthermore, the game applies the receptive vocabulary knowledge 
based on the Nation’s taxonomy [34]. It also supports the main 
parts of receptive knowledge of words, namely form and meaning. 
The receptive knowledge of word involves being able to recognize 
the form of the word when it is heard or met while reading. At the 
beginning of the game, different animal names are presented with their 
pictures. Students cannot move before hearing each word and seeing 
its spelling. The game also includes activities that allow students to 
exercise the spelling of the word in the second level, as shown in Fig. 2. 
For example, to collect pictures of animals, they have to work together 
to complete the missing letters.

TABLE II. The Implemented Collaborative Mechanisms in the Game

Principles of 
collaboration Game mechanisms

Jungle animals Game

Level 1 Level 2

Reciprocity • Collaborative task
• Encrypted information

 Members do the same effort/activities:
• Each one is responsible on a part of the word and 

must put it in the correct place.
• Each student has parts of the password (letters 

or sounds). A student cannot put the password 
without the help of his/her group.

Exchanging information:
• Each student has a unique information and he/

she must share it with his/her team members to 
find the password.

• The students can use the chat box to share 
information and communicate together.

Members have the same effort/activities:
• To collect the animal pictures, each student must 

write the missing letters.
• To collect part of the words, the students must 

complete the missing parts.

Exchanging information: 
• The students can exchange information through 

the chat box.

Common goal Collaborative task Find the password using indices and write it with 
letters and sounds that are collected together.

Connect each animal with its name to complete the 
city map with the collected parts and pictures. 

Trust  and mutual 
respect

Collaborative task • All roles are equally important.
• Without the participation of all   students, the 

password cannot be written.
• Some letters are locked and the students need his/

her team members to get it.

• Roles are exchanged between students. Thus, 
they all have the same value and importance.

• Without the participation of all the students, the 
city map cannot be completed.

Cohesiveness • Shared space
• Shared object

 Shared interface, shared letters, shared sounds. Shared interface, shared pictures, shared words.

Benevolence and 
commitment

• Shared space
• Shared object

Ensuring the cohesiveness enhances individual 
benevolence and commitment.

Ensuring the cohesiveness enhances individual 
Benevolence and commitment.
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“Collect Picture” Activity Hearing animal’s name

Fig. 2. Learning the form of words by filling the missing letters.

In addition, recognizing different portions of the word are also very 
important in the form part. Therefore, the game provides activities 
that develop recognizing portions of the words. Specifically, each 
student has a portion of the word, and they must collaborate together 
to combine all the pieces together before they can move to the next 
level. Regarding the meaning part, the knowledge of a word involves 
knowing its meaning. Therefore, the game adopts repetition and 
memory pedagogical strategy, proposed by Schmitt & McCarthy [35], 
to elicit word meaning. Memory strategy refers to relating the word 
with student’s knowledge using images. In this context, students will 
encounter the same words and pictures in a repetitive cycle during 
different times at several activities.

The smart collaborative educational game aims to provide learning 
materials in a collaborative and fun way using tight coupling between 
text, speech and images to make the students learn how to pronounce 
each name and remember it when they see the picture of an animal. 
From the pedagogical perspective, it is difficult for teachers to keep up 
with each group and see how each student is behaving with his/her 
team members, as well as individual student’s learning obstacles when 
it comes to learning the names of animals. For instance, a student 
might remember the outlook of an animal, but he/she still cannot 
spell the correct name of the animal. Also, a student might still have 
problems with memorizing the names of some animals. All these kinds 
of questions can be easily solved by providing dashboards to teachers 
and students through learning analytics (LA) approach.

B. Design of Learning Analytics
Link and Li [36] highlighted several language learning interaction 

data that should be collected for LA based different theoretical 
approaches (e.g., interactionist, complexity, etc.). This study has relied 
specifically on “Skill acquisition theory” and “Interactionist theory”, 
thus it analyzed performance data and communication activity data 
respectively (see Table III). Specifically, these traces can help teachers 
discover students’ learning obstacles from three aspects, the individual 
aspect (the learning performance of each student), the group aspect 
(the learning performance of each group and the collaboration patterns 
among the members of each group) and the class aspect (the learning 
performance of the whole classroom. Consequently, each teacher will 
have the detailed information about how students learn from these 
three different aspects (individual, group and class).

During the process of game playing, time spent in different learning 
activities, wrong answers and retrying times were collected for each 
student and each group. The group communication patterns were 
also collected in order to evaluate the collaborative process during 
the game. Finally, the collected traces were automatically saved in an 
online database using PHP scripts. It should be noted that the smart 

collaborative educational game supports hundreds of students and 
vocabularies (animal names), and the limited number of students 
during this pilot experiment (see the next section) does not affect the 
technical reliability of the developed game.

TABLE III. The Collected Learning Traces

Learning traces Description

Time of solving activities
The total time that the student spends in 
each activity.

Number of wrong answers
Number of wrong answers made by the 
student before he/she finds the correct one 
during each activity.

Difficult activities

Activities that the student did not answer 
during the game. In addition, activities that 
student did not come out a solution until 
the game provides hints or answers.

Group time
The total time a group spent on achieving 
the common goal. 

Group wrong answers
Number of wrong answers made by group 
members until they achieve the common 
goal of the activity.

Group communication
The number of discussing messages among 
the group members in the chat box.

After collecting learning data, data mining and visualization 
techniques were applied to provide a detailed learning dashboard for 
teachers, to help teachers monitor their class and provide the needed 
interventions for each group or student accordingly. Gross, Stary and 
Totter [37] recommended that visualization tools for online learning 
should provide both group awareness and individual objective self-
awareness. Group awareness presents information about group 
activities, collaborations and status [38], while individual objective 
self-awareness presents information on the process of taking oneself 
as the focus of one’s behaviors and achievements [39]. 

An automatic game dashboard was created to display the current 
achievements of each individual student and group at any point of 
time. This dashboard shows how the students are progressing in the 
game. Specifically, it shows the number of completed activities by the 
students, as well as the number of correct and wrong answers (see Fig. 
3). For example, most of the students did not answer correctly in the 
first learning activity (the yellow portion) as shown in Fig. 3, therefore 
the teacher should not move to the second learning activity, instead 
the teacher should help students answer the first learning activity by 
providing more explanation on the classroom blackboard. Additionally, 
the game dashboard shows the number of wrong answers given in each 
learning activity and the time spent in this activity. These features can 
provide teachers to have a global view about the learning difficulties 
of their students and help them accordingly. Similarly, the students 
can also access to the dashboards from their “student interface” to 
understand their learning performance and problems. For instance, 
students can see their own learning weakness and try to overcome it. 

Furthermore, based on the group communication log data from the 
chat box of the game, the dashboard presents the interaction frequency 
in each group while collaborating. The communication frequency is 
also presented for each student while collaboratively solving different 
learning activities. Consequently, teachers can know if a group is 
experiencing certain collaboration problems and can check on them 
to provide needed help. Teachers can also know the communication 
frequency of each student during a specific period (e.g., the first level 
of the game) or during a specific activity (e.g., while solving the first 
learning activity), and understand how each student is involving in the 
learning process (as active or passive actor). 
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Wrong answers
Activity 1 Activity 2 Activity 3

Activity Time (Seconds)
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Activity 3

180160140120100806040200

Fig. 3. Examples of learning dashboards generated by the smart collaborative 
educational game.

Finally, the dashboard automatically generates student clustering 
using K-means algorithm based on those with high, medium and 
low performance (see Fig. 4). This information can help teachers to 
provide required interventions to students according to different 
learning performance. The K-means algorithm divides the objects into 
k clusters, and iterates through the division-process as long as the 
distance between all objects and the center or mean of the clusters can 
be reduced. A characteristic of this algorithm is that the number k of 
clusters has to be fixed. In the game, the K value is fixed to 3 (similar 
to the above three groups) and two student features are used as inputs, 
namely number of wrong answers and time solving the activities. Fig. 
4 shows the graphic representation of the three clusters with respect 
to the means of the two features. Since the first cluster has the highest 
mean of wrong answers and of time spent on activities, it is labeled 
“low performance”. The second cluster is “high performance” and the 
final cluster is “medium performance”.

Cluster 1 Cluster 2 Cluster 3
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0

Wrong answers Time spent (Seconds)

Name Wrong answers Time (Seconds)
21 123

9 177

15 60

12 102

12 120
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Fig. 4. Examples of the generated clusters using K-means algorithm by the 
smart collaborative educational game.

IV. Method

Unlike educational games that incorporate LA, educational 
games without LA are black boxes and teachers cannot see how the 
learning process is occurring. Hence, they cannot provide real-time 
learning support to help students achieve better learning outcomes. 
Additionally, students cannot receive any instant feedback about their 
learning progress and performance. Based on this, this study aimed to 
validate the following two hypotheses. 

H1: Students learning with the developed smart collaborative 
educational game (with LA) have significantly higher learning 
performance than students learning with the non-smart version of the 
game (without LA).

H2: Students learning with the developed smart collaborative 
educational game have (with LA) significantly higher learning 
motivation during the learning process than students learning with 
the non-smart version of the game (without LA). 

A. Participants
A pilot experiment, during the academic year 2018-2019, was 

conducted to validate the two hypotheses at a public primary school 
after receiving the approval from school review board (including 
parents’ consent forms). Thirty-one sixth-grade primary school 
students participated in this study where 70% of them were boys and 
30% were girls. The average age of the students was 12 years old. The 
students were randomly divided into two groups, namely experimental 
and control groups.

B. Experimental Procedure
The teacher started by introducing the game to the students in 

both groups (fifteen minutes for each group). After that, the students 
in each group (experimental and control) took forty-five minutes to 
answer a pre-test and a pre-motivation questionnaire to assess their 
prior-knowledge and motivation related to English vocabulary. The 
students in the experimental group then used the smart collaborative 
educational game (with LA) to learn English, while the students in 
the control group used the non-smart version of the educational game 
(without LA). The learning process of both groups was in different 
time slots (morning and afternoon) in order for the same teacher 
to facilitate both learning processes. The learning process was for 
three hours for each group (control and experimental). The game 
included twenty animal names, where ten of them are herbivore and 
the other ten are carnivore. The students were divided into different 
teams with four members in each team; two members with high 
English vocabulary achievements and two members with low English 
vocabulary achievements (based on their English test results from 
the previous academic year). Finally, after the learning process was 
ended, the students in both groups completed a post-test and a post-
motivation questionnaire.

C. Instruments and Data Collection
Both qualitative and quantitative data from both the students and 

the teacher are collected using the following three instruments. The 
main idea is that the results from qualitative analysis should further 
support and explain the quantitative results.

• Pre and post-test: It was designed by experienced teachers who had 
taught English courses in primary school for the past fifteen years. 
This test contains three different items and aims to measure each 
student’s learning performance regarding animal names learned 
during the game. For instance, in the first item, students were 
requested to fill the missing letters of a particular given name of 
an animal. In another item, students were requested to link using 
arrows the animal picture with its correct name, among several 
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provided names. The students took between 25 and 30 minutes 
to finish this test. It should be noted that the pre and post-tests 
are the same and 10 is the highest grade that a student can obtain.

• Pre and post-motivation questionnaire: The motivation questionnaire 
was adapted from Wigfield and Guthrie [40]. It aims to measure 
the motivation level of students during the learning process 
using the game. It consists of nine items on a four-point scale (1 
strongly disagree; 2 disagree; 3 agree; and, 4 strongly agree). The 
Cronbach’s alpha of the questionnaire was calculated and it was 
equal to 0.83. This implied that it was reliable since Cronbach’s 
alpha value was greater than 0.7 [41]. It should be noted that the 
pre and post-motivation questionnaires are the same.

• Interview: A semi structured interview was conducted with the 
teacher to collect his feedback about using the smart collaborative 
educational game and the non-smart version of it for teaching 
English vocabulary. The interview took 30 minutes and it was 
recorded in order to be analyzed and draw conclusions. The coding 
process was done by two coders, and in case of disagreement, 
the two researchers resolved it through discussion. Specifically, 
four codes were used for the qualitative analysis of interviews, 
namely: (1) Learning obstacle: Use this code when the teacher 
is talking about how using the smart and non-smart versions 
of the educational game helped him in identifying the learning 
obstacle (difficulties, wrong answers, etc.) of students; (2) Timely 
intervention: Use this code when the teacher is talking about 
how using the smart and non-smart versions of the educational 
game helped him in providing immediate or effective learning 
interventions; (3) Communication: Use this code when the teacher 
is talking about communication and interaction between students 
while using the smart and non-smart versions of the educational 
game; and, (4) Reflection: Use this code when the teacher is talking 
about students’ self-reflection while using the smart and non-
smart versions of the educational game. 

• Observation: During the learning processes (using the smart 
collaborative educational game and the non-smart version of it), 
two observers were in the classrooms to observe the effects of the 
two games on the learning behaviors of students. The two chosen 
observers are teachers with more than twenty years teaching 
experience, and they did not have any previous relationship with 
the students. The coding process was done by two coders (same 
coders who coded the interview), and in case of disagreement, 
the two coders resolved it through discussion. Specifically, 
the coders mainly focused on two aspects which can affect the 
learning motivation, namely interactivity [37], [38] and exhibiting 
excitement and fun [39]. Specifically, two codes were used for the 
qualitative analysis of observations, namely: (1) Interaction: Use 
this code for all occurrences that illustrate teacher-student, student-
student or student-game interactions while using the smart and 
non-smart version of the collaborative educational game; and, (2) 
Excitement/Fun: Use this code for all occurrences that illustrate 
students are exhibiting excitement or fun while using the smart 
and non-smart version of the collaborative educational game.

V. Results

A. Impacts on Learning Performance (Hypothesis 1)
The pre-test scores of both groups (control and experimental) 

were analyzed using the two sample t-test which was reported as an 
effective statistical method to deal with limited sample size [40], as 
shown in Table IV. The obtained results showed that there was no 
significant difference in the pre-test performance of both groups 
since the p value was equal to .066 and greater than .005. To conclude, 

there was no significant difference in the prior-knowledge of English 
vocabulary between the control and experimental groups before the 
beginning of the learning process.

TABLE IV. Two-sample T-test Results of the Pre-tests Analysis

Pair 1 Mean SD t df Sig

Pre_testl & Pre_test2 1.6 .66 -3.1 14 .066

After the learning process, the post-test scores were analyzed 
using the two-sample t-test, as shown in Table V. The obtained 
results showed that there was a significant difference in the post-test 
performance of both groups since the p value was equal to .001 and 
less than .05. Specifically, the experimental group achieved higher 
scores in the post-tests of English vocabulary than the control group.

TABLE V. Two-sample T-test Results of the Post-tests Analysis

Pair 2 Mean SD t df Sig

Post_test1 & Post_test2 6.22 3.25 4.37 14 .001

To understand how the smart collaborative educational game helped 
the experimental group achieving a better learning performance, the 
teacher was interviewed and the given answers were qualitatively 
analyzed. The distribution rate of each coding item is presented in 
Fig. 5. Specifically, it can be seen from these bar chart that the smart 
collaborative educational game was more helpful for the teacher than 
the non-smart version of it. To better understand the obtained results 
of each coding distribution, the interview answers were analyzed and 
discussed as follows:

• Learning weakness: The teacher reported that the provided 
dashboards in the smart version of the educational game helped 
him to identify the learning weakness of the students (individually 
or in groups). However, this was not very easy when he used 
the non-smart version of the game since he had to go through 
every team and keep an eye on their computer screens to see 
how they are performing, as no feedback was given to him (i.e., 
the game was a black box). For instance, the teacher mentioned 
that, from the provided LA dashboard, he could easily see that 
some students still cannot spell correctly “giraffe” and “elephant”. 
He also mentioned that the smart collaborative educational 
game helped him automatically identify students with different 
learning performances (low, medium and high). For instance, the 
teacher mentioned that he can easily see that the student <name 
withheld> was struggling to solve the first activity compared to 
his team members.

• Communication: The teacher mentioned that both educational 
games (the smart and the non-smart version of it) enhanced the 
communication level between the students as they both support 
the collaborative learning strategy. This was further reflected in 
the “communication” bar chart in Fig. 5, as no huge difference 
was seen.  However, the teacher mentioned that the provide LA 
dashboards within the smart collaborative educational game 
made the students more interactive compared to the students 
who used the non-smart version of it. For instance, every time the 
students see their team performance, through the LA dashboards, 
compared to the other teams, they start discussing their learning-
playing strategies to increase their winning chances. The teacher 
further mentioned that the students sometimes leave their seats 
and go to their peers to talk to them, instead of using the chat box. 
This was encouraging and helpful in a way that the students were 
motivated to learn from each other.
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• Timely intervention: As discussed in the first coding scheme, 
unlike the non-smart version of the educational game, the smart 
educational game provided detailed information using dashboards 
to the teacher about the learning weakness of his students. 
Therefore, he provided timely interventions accordingly. For 
instance, when he noticed that some students still cannot spell 
correctly “giraffe” and “elephant”, he helped them write it down 
on the board couple of times to memorize it. Also, he instantly 
provided help to the student <name withheld> in order to correctly 
finish the first activity. Furthermore, the teacher mentioned that 
every time he sees that the communication frequency of some 
groups is low, he goes there to encourage them to communicate 
together. Finally, the teacher mentioned that the provided 
dashboards helped him assess his class performance and identify 
their weakness, hence easily identify the supplemental learning 
materials that he needed to suggest.

• Reflection: The teacher mentioned that both educational games (the 
smart and the non-smart version of it) through the collaborative 
strategy helped students to have self-reflection about their 
actions and achievements while communicating with their team 
members via the chat box about their learning-playing strategies 
to win. The teacher, however, mentioned that the LA dashboards 
specifically, within the smart collaborative educational game, 
further emphasized self-reflection by summarizing the learning 
progress of each student in simple dashboards. Consequently, it 
is seen that several students refer to the dashboard to see their 
learning weakness and then start consulting their peers via the 
chat box for help.

game with LA (experimental group) game without LA (experimental group)

Learning
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Fig. 5. Distribution of the four interview features based on the used version 
of the game.

B. Impacts on Motivation Level (Hypothesis 2)
Similar to the first analysis, the pre-motivation questionnaire 

scores of both groups were analyzed using two sample t-test as shown 
in Table VI. The obtained results showed no significant difference 
in the motivation levels between the experimental and control 
groups towards learning English vocabulary before the experiment. 
Particularly, the p value was equal to .41 and greater than .05.

TABLE VI. Two-sample T-test Results of the Pre-motivation 
Questionnaire Analysis

Pair 1 Mean SD t df Sig

Pre_quest1 & Pre_quest2 1.21 .77 -4.72 13 .41

After the learning process, the post-motivation questionnaire 
scores were analyzed as well using the two-sample t-test, as shown 
in Table VII. The obtained results showed that there was a significant 
difference in the post-motivation questionnaire scores of the two 
groups since the p value was equal to .01 and less than .05. Specifically, 
the experimental group had a higher motivation level towards learning 
English vocabulary than the control group.

TABLE VII. Two-sample T-test Results of the Post-motivation 
Questionnaire Analysis

Pair 2 Mean SD t df Sig

Post_quest1 & Post_quest2 3.81 1.81 -2,14 13 .01

To understand how the smart collaborative educational game 
helped the experimental group achieving a higher motivation level, the 
observations of both learning processes (using the smart collaborative 
educational game and the non-smart version of it) were qualitatively 
analyzed.  The distribution rate of each coding item is presented in 
Fig. 6. Specifically, it can be seen from these bar chart that the smart 
collaborative educational game made students more interactive and 
exhibit high level of fun and excitement than the students who used 
the non-smart version of it. Consequently, these students had higher 
motivation level. To better understand the obtained results of each 
coding distribution, the collected observations were analyzed and 
discussed as follows:

• Interaction: It is evidenced that the LA dashboard provided by 
the smart collaborative educational game made the students 
very active and engaged. This is seen when they always refer 
to this dashboard to start discussing strategies to win or helping 
each other to increase their chances of winning. This created a 
motivating atmosphere while learning. When using the non-
smart version of the game, interaction was relatively low among 
students due to the absence of dashboards, where they discussed 
only the learning-playing process. However, it was seen that some 
students asked directly their friends about their performance and 
some learning conversation happened as a result. 

• Excitement/Fun: It is evidenced that the provided learning 
dashboards by the smart collaborative educational game made the 
students very excited. Specifically, it was frequently seen that the 
students in each team expressed excitement when they referred to 
the dashboards and saw that they are wining and. However, this 
was not the case in the non-smart version of the game. Particularly, 
the students expressed high excitement level only at the beginning 
of the learning process (during the first 15 or 20 minutes) since 
using the game was fun for them.

game with LA (experimental group) game without LA (experimental group)
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Fig. 6. Distribution of the two observation features based on the used 
version of the game.



International Journal of Interactive Multimedia and Artificial Intelligence, Vol. 6, Nº6

- 222 -

VI. Conclusions, Discussions and Implications 

This study developed and validated a smart collaborative 
educational game incorporated with LA to teach English vocabulary. 
The first obtained results showed that the students who learned English 
vocabulary using the smart collaborative educational game achieved 
a higher learning performance than students who used the non-smart 
version of the game. This can be explained by the automatically 
generated dashboards by the smart collaborative educational game for 
teachers to get real-time information about their students’ learning 
situations and provide the needed interventions in a timely manner. 
From the pedagogical perspective, Reinders [18] found that LA can help 
teachers monitor their students whether they are learning individually 
or collaboratively, hence provide early interventions and support 
accordingly. Additionally, the teacher during the conducted interview 
revealed that displaying team achievements using LA dashboards 
to the students could also help them perform better. In this context, 
several researchers mentioned that providing learning achievements 
information of individuals and groups in collaborative environments 
could enhance online participation and learning performances [37]. 

The second obtained results showed that students who used the 
smart collaborative educational game had a higher motivation level 
than the students who used the non-smart version of the educational 
game. This could be attributed to the smart collaborative educational 
game can facilitate self-reflection via the provided dashboards (as 
reported in the interview results), this has affected positively the 
students’ learning motivation and outcomes. In this context, several 
research studies showed that supporting self-reflection can enhance 
students’ learning motivation [46], [47].  Particularly, the information 
displayed on the dashboard provided by the smart collaborative 
educational game to the students about their learning progress made 
them more excited and encouraged them to do better, hence they were 
very motivated. In this context, Wang [48] stated that an educational 
game can motivate students while learning, but their motivation level 
will start decreasing once they get familiar with the game. Therefore, 
incorporating motivational strategies to encourage continuous play 
is crucial [49]. An effective motivational technique in education is to 
highlight a student’s accomplishments [50], thus LA dashboards that 
visualize a student’s improvement could be motivating. Additionally, 
it had seen that the smart collaborative educational game, through 
the provided dashboards made the students more interactive by 
collaborating together to win than the students who used the non-
smart version of the game. Similarly, several studies also showed 
that providing interactive learning process can positively affect the 
students’ learning motivation [42]; [43].

The findings of this research could enhance the educational 
technology field by presenting a new learning tool (smart collaborative 
educational game) that can collaboratively help in learning 
English vocabulary. Specifically, this study presented examples of 
implementing game mechanics and scenarios that other researchers 
and practitioners could apply in their respective educational game 
contexts to fulfill different collaborative learning strategies. For 
instance, to fulfill memory strategy, students will encounter, during 
the game, the same words and pictures in a repetitive cycle during 
different times at several activities. This will elicit their memory and 
help them recall the learned knowledge. Some suggestions to the 
designers and teachers learned from this study are: (1) focus not only 
on the learning perspective (performance, weakness and progress), 
but also on the social perspective as well (communication between 
peers/teachers); (2) provide feedback during the learning process 
about both individual and team achievements; and, (3) provide simple 
interfaces (dashboards) without detailed information (using pie chart, 
histograms, etc.) to help teachers/students easily identify important 
information and make use of it.

It should be noted that this study has several limitations that should 
be acknowledged and further investigated. For instance, the sample 
size of the experiment was limited, due to the experiment context 
(public school). Also, the learning process of each group (control 
and experimental) was only for three hours. However, despite these 
limitations, this study presented insights, including practical examples 
and recommendations for applying both collaborative learning as well 
as learning analytics in DGBLL. Future research work could focus on 
making the designed game smarter by providing automatic learning 
support and interventions based on different learning scenarios and 
conditions. For instance, when a team is having low communication 
frequency, the game will start providing encouragements for students 
to make them more active and share ideas together. In addition, future 
directions could focus on designing a mobile version of this game, 
as language learning games are gaining an increasing attention on 
mobile devices [51].
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