
Research Article
User Satisfaction for an Augmented Reality Application to
Support Productive Vocabulary Using Speech Recognition

Nurhazarifah Che Hashim , Nazatul Aini AbdMajid ,
Haslina Arshad , andWaqas Khalid Obeidy

Faculty of Information Science & Technology, Universiti Kebangsaan Malaysia, 43600 Bangi, Malaysia

Correspondence should be addressed to Nazatul Aini Abd Majid; nazatulaini@ukm.edu.my

Received 30 November 2017; Accepted 19 April 2018; Published 3 June 2018

Academic Editor: Tuomas Mäkilä
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The aim of this paper is to evaluate user satisfaction based on System Usability Scale (SUS) questionnaire on Augmented Reality
(AR) application for productive vocabulary using speech recognition.There is still lack of research focus on user satisfaction towards
the use of AR-based app using speech recognition for vocabulary learning in early education. The first objective of this paper is to
develop an AR application for children using speech recognition to enhance productive vocabulary learning that integrates visual
script (orthography) and audio (phonology). The second objective is to evaluate and identify the user satisfaction in enhancing
productive vocabulary methods by combining AR technology and speech recognition to the parents and teachers by doing a mixed
method testing such as questionnaire and interview. To achieve this, an interview session was conducted with the experts and SUS
questionnaire was given to the teachers and parents of the student to evaluate user satisfaction. The results show that the research
hypotheses of this study were successfully achieved. It revealed that the teachers and students were satisfied with the application
based on SUS score (SUS score > 68). Since the total SUS score is 80.3, which is above average, it shows that they were satisfied
with the overall application. Apart from that, the mean of the usability study based on questionnaire also shows that the users have
found that this application is usable in terms of learnability study and that this application is easy to use.

1. Introduction

Application development that combines AR technology and
speech recognition is expected to improve the productive
vocabulary method as it reinforces the connection between
visual scripts (orthography) and audio (phonology) in the
reading words [1]. A combination of speech recognition and
AR can improve productive vocabulary methods through
AR-based applications. This enhanced method is able to
improve vocabulary learning among preschool children
where correct pronunciation can be checked and reinforced.

Through productive vocabulary method, people will be
able to examine whether the words that have been pro-
nounced are correct or not. Proper pronunciation checks
can be implemented digitally when speech recognition com-
ponents are implied in applications based on productive
vocabulary methods. This is the audio part in reading words.
In order to connect between visual scripts which is the words

and the audio, the AR technology can be used.This is because
AR can overlay digital content on top of the scripts based on
the audio received using speech recognition. However, the
user satisfaction towards the use of the AR-based app using
speech recognition is still lacking, especially for productive
vocabulary learning.

The main objective of this study is to develop an appli-
cation for children using speech recognition to enhance
productive vocabulary learning that integrates visual script
(orthography) and audio (phonology) to help in improving
pronunciation problem. The second objective is to test and
see the user satisfaction in enhancing productive vocabulary
methods by combining AR technology and speech recogni-
tion to the parents and teachers by doing a mixed method
testing such as questionnaire and interview.

This studywas conducted based on the following research
hypotheses:
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(i) Expect that the teacher will be satisfied with the
prototype application that has been developed.

(ii) Expect that this application can increase student
interest in learning vocabulary.

(iii) Expect that the user will find this application very
usable.

(iv) Expect that the user will find this application easy to
use.

2. Related Work

Today’s technological advancement has led to various reforms
in teaching and learning systems in the classroom. The
tendency for children to use smartphones has motivated
researchers to study the advantages of using smartphones in
children. Nowadays, AR technology in teaching and learning
environment has attracted the interest of the community as it
is able to attract children attention in learning environments
[2]. There are several recent AR-related studies conducted in
educational field to see the effects and benefits to the students
(Table 1). The use of AR applications is believed to be of
interest to students to replace conventional and static learning
environments with a more edutainment environment [3].

In today’s life, technologies are very important andARhas
become one of the most emerging technologies and started
to gain attention among society [14]. AR’s ultimate goal is
to provide better management and to access information
wherever and whenever using combination of interactive
real-world and computer-generated world or virtual world
in a coherent space. According to [15, 16], AR has three
main features, namely, a combination of virtual and real-
world elements, a rushed in real-time interaction, and an
enrollment and alignment into 3D-real-life of real and virtual
objects. Many AR researchers have referred to the definition
of Azuma as it provides a good and clear description of AR
technology. AR is a new technology that has the potential
to be used in today’s world of education [17, 18] and it
has become more widespread and practical [19]. The paper
[20] examines primary and secondary school students to
determine whether AR can improve learning experience or
not. The researchers have found that “AR-based education
media could be a valuable and attractive additional material
to the education in the classroom and overcome some of
the limitations of text-based methods, allowing students to
absorb the material according to their preferred learning
style” [19]. AR can also be used to improve traditional and
static learning content in the classroom. This will definitely
appeal to children with additional media content such as
audio, video, graphics, 3D objects, and more. In addition,
diverse applications tools for mobile devices with AR features
have been developed [21].

The productive vocabulary method is the process of
remembering words to convey it and the word is pronounced
in correct pronunciation [1]. This practice reinforces the
subsystem relationship between visual script (orthography)
and sound (phonology).This vocation helps people to realize
whether the knowledge in reading the words is still lacking
or to reinforce existing knowledge [22]. Therefore, Kumar

et al. [1] have studied the incorporated speech recognition
elements in productive vocabulary methods for the game.
However, there are still not many software programs contain-
ing speech recognition especially for productive vocabulary
methods involving artificial intelligence and AR. AR technol-
ogy is not only focused in research area but it has also been
used at school level inMalaysiawhen the Form 1 Science book
has been using AR technology [23]. Digital information will
be displayed on the mobile phone screen when the camera is
directed to a particular textbook page.

Some researchers have taken the opportunity to diversify
the learning system, especially with the combination of
technology as [24] has done to determine the degree of
motivation of master students on materials designed with
AR technology to teach English vocabulary at primary level.
The use of AR technology has a positive impact on student
motivation in teaching vocabulary in a classroom [25]. The
study was conducted by developing a handheld AR system
and a specific use case that is vocabulary learning. The
results of the assessment have shown that AR applications
with good system usability have been developed successfully.
Preliminary assessment also shows that AR can lead to the
ability to remember the words learned, help attract students’
attention, and provide satisfaction to students.

A study has been conducted by developing and com-
paring two AR learning systems for third-graders to study
English vocabulary [26]. The developed system is based on
a collective game based (CGB) and another system based
on a sequential mission game (SMG). CGB requires students
to collect all seven checkpoints without limiting the starting
point. SMG requires students to complete seven levels in
sequence. AR and vocabulary apps research have also been
conducted by [27]. The results show that field dependence
(FD) students benefited from mobile AR instruction on
learning outcomes. A study has been conducted by develop-
ing a miniature-based AR game for the vocabulary learning
platform for utilized external context, pseudo-physical con-
texts to address task-based learning, and embedded learning
[28]. The miniature game developed is believed to provide
pleasure, motivation, and confidence as well as autonomous
and pure learning to students and teachers.

The combination of AR technology and speech recogni-
tion that will be developed through this study is expected to
help in improving vocabulary learning as well as providing
more conducive learning environment with the combination
of multimedia elements such as video, audio, 3D objects, and
graphics and much more than the static learning environ-
ment. According to [29], if education and AR technology
are brought together, students can have the experience
and can learn while having fun. This can maximize the
effectiveness of learning. The use of speech recognition is
effective in improving the level of pronunciation as stated
by [30] that uses two computer-based programs with speech
recognition combinations and found that this software is a
students’ choice in Taiwan to help them improve the English
pronunciation problem. AR-based literacy software has also
been developed such as Augmented Reality English Learning
System [31], Augmented Reality English Vocabulary Learn-
ing System [32], and Handheld English Language Learning
Organization [33].
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Table 1: AR researches on education.

Project Domains/Uses of AR Results/Benefits of AR

EcoMOBILE [4]
(i) AR and probeware with environmental
education field trips.
(ii) Water quality measurement.

(i) Positive result showed in term of usefulness.
(ii) Teachers were satisfied with the usability
and values of the technology in the application.

Visualize architecture
model [5]

Augmented Reality technology for visualizing
architecture models.

(i) Findings show positive aspects: Students
evaluate AR as a technology that is easier to
use, improve students’ academic performance
and the application was very useful.

Artwork using AR [6]
(i) Mobile guide system with augmented
reality, painting appreciation instruction in an
art museum.
(ii) Auxiliary tool for painting appreciation.

(i) AR guide effectively enhanced visitors’
learning effectiveness, promoted their flow
experience, and extended the amount of time
the visitors spent focusing on the paintings.
(ii) Most of the visitors using the mobile
AR-guide system elicited positive responses
and acceptance attitudes.

Surgical education [7]

(i) Surgical education, wearable computing
devices.
(ii) Combination of real-time augmented
reality and wearable computing devices such as
Google Glass (Google Inc, Mountain View,
California).

(i) Enable the local surgeon to interact with the
remote surgeon within the local surgical field.

Marine game based
learning [8]

(i) AR in children’s learning for marine
education.
(ii) Game-based learning.

(i) Students were highly confident by the
learning activities and viewed them
satisfactorily, students acquired the target
knowledge, and the innovative learning
program specifically helps low academic
achievers improve learning performance.

AR for Biology
subject [9]

(i) Biology science education in Malaysia.
(ii) AR application for Biology subject.

(i) Students were satisfied with the application
in term of simplicity, ease of use, selectivity,
and accessibility.

Educational magic
toys [10]

(i) Educational magic toys developed with
augmented reality technology for early
childhood education.
(ii) Children’s behavioural patterns and their
cognitive attainment, and the relationship
between them while playing EMT using AR
technology.

(i) Teachers’ opinion on the developed
application were positive in term of usefulness
and ease of use.
(ii) Students liked the application and they
found that the application is magical and they
had low cognitive attainment.

Elementary Science
curriculum [11]

(i) Subject teaching, elementary Science
curriculum.
(ii) Course of Chemistry changes with
interoperation.

(i) Improving students’ learning effectiveness
and motivation, and students generally agreed
that AR tool is useful in encouraging an active
learning attitude and that they enjoyed the
exploratory learning experience.

Go Virtual [12]

(i) Steel architectural construction for the
enhancement of architecture education.
(ii) AR in architecture education, students’
understanding of steel architectural
construction.

(i) Students were very satisfied with the
learning by experience.
(ii) AR offers great experience in learning.

AR teaching materials
[13]

(i) Study of different teaching materials.
(ii) Usefulness of augmented reality (AR) in
teaching, children’s learning performances,
three types of teaching materials, including a
picture book, physical interactions and an AR
graphic book.

(i) The study found that AR is very useful in
teaching.
(ii) AR is very effective to be used by student.
(iii) AR improved students’ learning
performance.
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A system has been developed to help people with hearing
problem to communicate by combining AR technology and
audio visual speech recognition (AVSR) [34]. According to
[35] more researches have to be carried out on a multimodal
combined strategy and how to combine gesture inputs and
speeches so that the intent of the users can be conveyed
to AR applications. The authors in [36] have stated in their
study that the multimodal interface can be extended further
to other AR application domains to see the benefits seen
in the virtual environment whether it can be expanded to
different fields. Based on these issues, a study to combine
AR multimodal input involving selection of flash cards and
speecheswould be developed into anAR application environ-
ment to strengthen the relationship of twomajor components
in vocabulary knowledge, namely, visual (orthography) and
audio (phonology) [1]. This is to see how effective the
AR multimodal input applications in assisting vocabulary
learning or pronunciation problem.

3. Material and Method

3.1. Research Design. For this study, mixed methods were
used to evaluate teachers’ satisfaction to facilitate teaching
and learning sessions in the classroom. Teachers’ satisfaction
was initially evaluated using qualitative method by interview
and then students’ satisfaction was measured using a quanti-
tative method based on SUS questionnaire [37].

3.2. Sample. The sample of the study involved two female
teachers (𝑁 = 2) for the qualitative method, which was
done by interview and 30 female and male students (𝑁 =
30) for the quantitative method using SUS questionnaire.
The teachers involved in this study were teachers from local
primary schools in Malaysia. Students from primary school
also were involved in data collection process. The students
came in small groups accompanied by their teacher. The
students and teachers involved were from different races
such as Malay, Indian, Chinese, and many more. The sample
questionnaire used was from SUS questionnaire and the data
analysis was done based on SUS score to identify if the teach-
ers and the students are satisfied with this speech based AR
application.

3.3. ARealSpeech Application. The application developed in
this study is an application that combines AR technology and
speech recognition. The main interface for this application is
shown in Figure 1. There is a microphone button as well as a
space that displays the text when the sentences pronounced
by the user. The microphone button will produce a “beep”
sound after being pressed and a “say something” text will
appear in the text box to inform users that they have to say
something so that the application can detect their sentences.
The “smiley” or “sad” icon will appear at the end of the text
box to tell the user whether the sentence pronounced by them
is correct or not (Figure 2).Through the developed prototype,
children are required to pronounce the words and sentences
on the flash card (Figure 3). Each sentence pronounced by
the children will be tracked using the speech recognition

Microphone Button
Text Space

Figure 1: Main interface.

IconText

Figure 2: Result after pronunciation.

Figure 3: Text on flash card.

technology that has been implemented into this ARealSpeech
application. Here teachers can find out whether the term
pronounced by the children is correct or not.

In addition, AR technology implied in this application
causes the appearance of 3D objects on the surface of the
flash card. The children can relate to the visual script and
the sound. This will increase the interest of children because
the 3D object has simple animations that can attract them.
Themain purpose of development of this application and this
study was to examine the effectiveness of speech recognition
in assisting children’s pronunciation as well as providing an
edutainment learning environment through AR technology.

In the design phase, researchers have designed flash
cards that are suitable for children. Through this flash card
design, the development of this application continues using
Unity3D Editor and Vuforia. Through this Unity3D Editor,
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Figure 4: System architecture (adapted from [34, 35]).

developers add interesting digital content such as animation,
graphics, 3D objects, and audio. The development phase
also involves the implementation of speech recognition into
the application through the Unity3D Editor. Developers use
the Speech Recognizer API as a plugin to generate speech
recognition technology into the AR-based environment.

3.4. System Framework and Function. In this study, the
application was developed based on AR and speech recog-
nition technology component. The AR system architecture
for this application is shown in Figure 4. System architecture
describes the flow of the application that has been developed.
First, the system needs to receive visual and speech input
from the user to be processed in the application. For the
visual tracking function, the process for marker detection
will be applied. The system will detect and decode an image
tracked by the phone’s camera to retrieve AR content. The
background process will find the 3D position and estimation
of the marker. After the identification of the marker, the
system will render the AR content. The AR content will
be composed into a virtual scene. In the speech tracking
function, first speech detection will be tracked by the system.
The systemwill recognize the speech by using anAPI. For this
application, researchers use Speech Recognizer API, which
has been implemented into the application and is suitable for
theARdevelopment.The systemwill extract the audio feature
and speech to text conversionwill happen.The fusionmodule
is the process where both inputs will be combined. Lastly, the
AR Scene Manager will generate an output.

3.5. Research Process. The research process was carried out
in several ways. First, the authors explained how to use the
application to the students. After that, the students were given
an opportunity to use the application themselves (Figure 5).
The time given to the students to explore this application was
about 20 minutes. However, since the study was conducted
on early education students, questionnaires were given to

Figure 5: Experiment and testing.

teachers or their parents to be filled up to see the level of
achievement of students based on their observation after the
children used the app. This was because the children still did
not understand the questionnaire used by the researchers.
Second, the research process was conducted through the
interview. The researcher interviewed two of the teachers
who are experts in early childhood education and AR. The
interviews will make it easier to get the requirements for the
developed applications.

3.6. Data Collection Tools. In this study, three data collection
tools were used which include interview, observation, and
questionnaire. First, an interview was conducted with expert
users, which were teachers for early childhood education
that have experience with AR technology. Semistructured
interview questions related to AR and speech recognition
were asked to the experts. The questions were asked based
on the experts’ skill and their experience in using AR. The
full list of question can be found in Table 2. This interview
was conducted to analyze the importance and needs of
the AR application that will be developed. The interview
was conducted after demonstrating the application using
the first application prototype to the expert. The interview
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Table 2: Interview questions.

No. Interview Question Response Type

1 What is your feeling about AR and Speech Recognition in education?
POSITIVE

Good for teaching
materials.

2 What you actually expect about AR and Speech Recognition in
education?

POSITIVE
Can attract student

attention while improving
pronunciation.

3 What have you learned about AR and Speech Recognition based on
the prototype that we have shown you today?

POSITIVE
Can make learning more

meaningful.

4 What is your general opinion about the prototype application?
POSITIVE

Good but the marker
should be smaller.

5 Do you think it can gain student interest in learning vocabulary?
POSITIVE

Visual content will gain
their attention.

6 What is current manual procedure to teach vocabulary in school
today?

POSITIVE
Flashcard, video, poster.

7 What is the weakness of that current procedure? POSITIVE
Static learning materials.

8 How do you think AR and Speech Recognition can help student in
their vocabulary knowledge?

POSITIVE
Forcing student to
pronounce correctly.

9 How else can this kind of application improve student vocabulary
learning?

POSITIVE
Using variety of senses.

10 Which feature do you think is beneficial/useful for the AR
applications you have experienced?

POSITIVE
3D models.

11 What kind of content interest you in particular? POSITIVE
Animations

12 Can you consider some ways to enhance user interface?
POSITIVE

Do not make the interface
complicated.

13 Which device is most suitable for student to use?
POSITIVE

Mobile phone since it is
smaller than a tablet.

14 If you can choose just one thing, what would you say was the most
important value of using this kind of application today?

POSITIVE
Helpful

15 How AR and Speech Recognition application should be improved to
enhance students learning outcomes in term of vocabulary learning?

POSITIVE
Use simple vocabulary term

as starter.

16 Any suggestion or opinion for the research?
POSITIVE

Make the application
simple but convenient.

session went smoothly and the data requirements for the
application were successfully obtained from this interview.
After that, the testing with the students was performed when
the prototype has been improved based on the results of
the experts’ interview. The testing was based on observation
when the student uses the application. All observations were
recorded as video, while the students used the ARealSpeech

application. Afterwards, the teacher was required to answer
the SUS questionnaire [37] based on their observation when
the children used this application. The researchers suggested
the teachers or the parents to answer the questionnaire
because the children still did not understand the structure of
the survey questionnaire. Detailed information regarding the
survey questions is included in Table 3.
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Table 3: SUS Questionnaire [37].

Factor Item No. SUS Questionnaire

Usability

1 I think that I would like to use this application frequently.
2 I found this application unnecessarily complex.
3 I thought this application was easy to use.
5 I found the various functions in this application were well integrated.
6 I thought there was too much inconsistency in this application.
7 I would imagine that most people would learn to use this application very quickly.
8 I found this application very cumbersome/awkward to use.
9 I felt very confident using this application.

Learnability 4 I think that I would need assistance to be able to use this application.
10 I needed to learn a lot of things before I could get going with this application.

3.7. Data Analysis. Teachers’ and students’ opinion were
recorded using descriptive method based on SUS ques-
tionnaire (frequency, SUS score, mean, median, mode, and
standard deviation). Children’s behaviors were first being
observed and the teachers needed to answer the SUS ques-
tionnaire [37] based on their observation. Each observation
was also noted and recorded by the researchers. In addition,
data analysis for interviewswas also conducted by researchers
and analyzed through discourse analytic method [38].

4. Results

4.1. Expert’s Interview. Interviews were conducted by inter-
viewing two experts in the field of early childhood education
and the use of AR technology. The experts indicated that this
application is complementary since it is good for teachers
to use it as one of the teaching materials. It is also good
for the children because this application can increase their
interest during the learning process with the digital content
applied in this application. Students can also interact with
the digital content contained in this application such as
3D models. This application can also make learning more
meaningful because the student can rely on the visual content
to enhance their memory. It will be easier for the students
to understand and remember every word they pronounced
through this application as it linked between the visual and
the audio. Furthermore, primary school teachers perform
many approaches for effective learning system, for example,
by using the video so students can see and imagine every
learning object. The experts also indicated that the using of
speech recognition in this application would force student
to pronounce the sentences or word correctly, which is very
good for self-learning.

In addition, experts stated that there is a lack of existing
learning systems because mostly all of the systems involve
static learning materials and do not involve the use of the
senses.While one of theways to enhance learning for children
is through the maximum uses of senses, because children are
very exposed to the use of gadgets, the expert believes that
this application is very interesting and in terms of vocabulary
learning and it will be very helpful for the student to use it
for learning. Based on the expert’s opinion the content which
is good is the animation. This is because this kind of moving

object is very difficult for the teacher to show to the student
in the class. In conclusion, the opinions given by the experts
to the application that have been developed are positive and
can help the teaching and learning system in the classroom.

4.2. SUS Score. We calculated the SUS score (Table 4) and
its factor from respondent responses in the experiment.
According to [39], good SUS score for each individual should
be above 68 (SUS score > 68). The calculated SUS score for
the conducted experiment is above average (80.3).This shows
that this application meets good usability characteristics.
Based on the SUS score, it is shown that most of the partic-
ipants recorded above average SUS score (SUS > 68). Only
three of the participants scored below average SUS score and
based on analysis it happened because they think that they
need technical assistance to use this application and need to
learn more to use this application. However, the overall SUS
score shows that most of them were satisfied with this appli-
cation. The participants thought that they will use this appli-
cation frequently in the future and they agreed that various
functions in this application were well integrated.

4.3. Usability and Learnability Factor. The researcher also
reviewed the usability and learnability characteristics of this
application based on the SUS questionnaire (Table 5). From
the questionnaire, learnability factor shows the mean value
of 2.17. Learnability involves items 4 and 10 contained in
the SUS questionnaire. These items are inherently negative;
hence, lower means suggest better learnability. The users did
not agree that the application developed is very complex. In
addition, they also disagreed with the opinion stating they
need to learn many things to use this app. From the usability
factor, the mean value is 4.17.This involves items 1, 2, 3, 5, 6, 7,
8, and 9 in the SUS questionnaire. It can be concluded based
on themean SUS score that the users agreed and gave positive
responses for the developed application, such as I thought this
application was easy to use, I found the various functions in
this application were well integrated, I would imagine thatmost
people would learn to use this website very quickly etc.

4.4. Feedback on Positive and Negative SUS Questionnaire.
The classification of SUS questionnaire based on positive and
negative question was also analyzed (Table 6).Themean SUS
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Table 4: SUS score.

Participant SUS Score Mean Median Mode Std
p13 95.0 3.2 4 5 1.98
p11 92.5 3.3 4 5 1.88
p30 92.5 3.3 3.5 5 1.82
p19 90.0 3.4 4 5 1.77
p29 90.0 3 3 1 1.76
p5 87.5 3.3 3.5 5 1.76
p17 87.5 2.9 3 4 1.66
p28 87.5 2.9 2.5 5 1.72
p1 85.0 2.4 2 1 1.57
p20 85.0 3.6 4.5 5 1.71
p21 85.0 2.4 2 1 1.50
p25 85.0 3.2 4 4 1.75
p14 82.5 3.5 4.5 5 1.84
p16 82.5 3.7 5 5 1.76
p18 82.5 3.7 4.5 5 1.63
p8 80.0 2.8 2.5 5 2.04
p24 80.0 3.6 4 5 1.42
p27 80.0 2.8 2.5 2 1.39
p3 77.5 2.3 2.5 1 1.25
p12 77.5 3.7 4 5 1.49
p7 75.0 3.2 3.5 4 1.13
p4 72.5 3.5 3.5 4 1.08
p9 72.5 3.7 4 5 1.15
p10 72.5 3.1 4 4 1.19
p15 72.5 2.5 3 3 1.26
p23 72.5 3.1 3.5 4 0.99
p2 70.0 2.8 3 4 1.03
p6 67.5 3.3 3.5 4 1.05
p26 67.5 3.3 3 2 1.15
p22 62.5 2.9 2.5 2 0.99
Average 80.3 3.14 3.5 5 0.17

Table 5: Usability and learnability factor.

Factor 𝑁 Mean Median
Usability 30 4.17 4.25
Learnability 30 2.17 2.5

Table 6: Positive and negative questionnaire.

Feedback 𝑁 Mean Mode Median
Positive 30 4.33 5.00 5.00
Negative 30 1.92 1.00 2.00

score of the positive questions is 4.33, which is the item of odd
numbers (1, 3, 5, 7, and 9). The mean SUS score of negative
questions is 1.92 for even number items (2, 4, 6, 8, and 10).
Themean of 4.33 for positive questions indicates that the user
agrees and holds a positive opinion about this application:
I think that I would like to use this application frequently, I
thought this application was easy to use, I found the various

functions in this application were well integrated, I would
imagine that most people would learn to use this application
very quickly and I felt very confident in using this application.

The mean of 1.92 for negative questions indicates that
the user disagrees with the opinion on item: I found this
application unnecessarily complex, I think that I would need
assistance to be able to use this application, I thought there
was too much inconsistency in this application, I found this
application very cumbersome/awkward to use and I needed
to learn a lot of things before I could get going with this
application.

In conclusion, the user’s opinion on this application is
very positive.

5. Discussion

In this study, teachers’ satisfaction and students’ behav-
ior towards ARealSpeech application were determined. This
study was conducted using mixed methods to evaluate
teachers’ satisfaction in facilitating teaching and learning
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sessions in the classroom. Teachers’ satisfaction was initially
evaluated using qualitative method by interview and then
using a quantitative method based on SUS questionnaire.
It was found during the experts’ interview that there is a
need to enhance learning for children through the maximum
uses of senses. This is achieved by developing ARealSpeech,
an application that combines AR technology with speech
recognition. The calculated SUS score for the conducted
experiment was found to be above average (80.3) suggesting
that the developed application meets good usability char-
acteristics. Higher learnability and usability means suggest
that the application is easy to learn and easy to use by the
users.

Based on literature, AR was found to attract children
attention in learning environments [2] and this study reaf-
firms this claim based on findings during the course of
the study. Productive vocabulary training, which enables
language-based learning software applications using speech
recognition technology to check student’s pronunciation, can
generate stronger literacy benefits [1]. Thus, the developed
application is expected to provide benefits in terms of vocab-
ulary learning using speech recognition. ARealSpeech uses
similar analysis approach as [19] and shows positive results
in terms of usability and learnability of the teachers.

6. Conclusion and Future Work

In this work, the users’ satisfaction was analyzed based on
SUS questionnaire. The results reveal that the teacher and
children show more interest in using the application and
they were very satisfied with the application. The function of
speech recognition in this application can help in improving
students’ pronunciation because they can keep repeating
the words until the application gives correct feedback. This
work is expected to assist the student in improving their
learning knowledge in vocabulary using different approach
that involves a few technologies such as AR and speech
recognition. Based on the research hypotheses conducted
in this study, they reveal that the teachers were satisfied
with the application based on SUS score (SUS score > 68)
because only three respondents recorded SUS score of below
average. Since the total SUS score is 80.3, it shows that
they were satisfied with this application. Next, based on
observation, the students’ interest in using this application
was also increased. Apart from that, the mean of the usability
study based on questionnaire also shows that the user found
this application very usable. Lastly, learnability study shows
that this application is easy to use. Although the research
yield good results, bigger sample size for interviews and
usability testing can drastically improve the findings. Apart
from satisfaction, effectiveness and efficiency should also
be measured with detailed task design to measure better
usability. Inferential statistics should be used to measure
quantitatively the behavioral aspects and factors affecting the
usability of the application.
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