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ABSTRACT

Phonological awareness (PA) is the ability to analyse, segment, and manipulate lan-
guage structure consciously. Its development at an early age is crucial for acquiring
skills in reading and writing. For the mentioned and considering that we belong to a
digitised society where technology constitutes a tremendous educational resource and
a source of interest for children, the proposal arises to support learning through the
inclusion of digital applications that facilitate differentiated instruction and integrate
playful ways and motivate. In this context, educational games have become a modern
and precise tool to solve these needs. This work aims to develop a serious game to
support literacy learning by stimulating phonological awareness in elementary school
children. For this purpose, a methodology based on the SCRUM Framework and User-
Centered Design (UCD) principles was applied, emphasising users’ active involvement
in developing the game. The method comprised a four-phase process, including scope
definition and analysis in the first two phases; translation of user requirements into
contextual and prototype design, and subsequent software development in the third
phase; and finally, an empirical study was conducted to evaluate the usability of the
prototype in the final phase. As a result, a serious game was obtained that allows
the creation of linguistic exercises from a series of activities designed by the therapist
in the context of a playground to promote playful learning in a familiar environment
for the children. The usability study revealed a score of 74.44 based on the System
Usability Scale (SUS), indicating that the system was well-received and considered
highly usable by the participants. In conclusion, involving therapists in an iterative
UCD process brings benefits such as confidence in using digital tools for phonological
awareness skills training and identifying needs that require alternative mechanisms of
interaction, encouraging children to participate in learning.

Keywords: Language rehabilitation, Literacy learning, Phonological awareness, Serious game,
User-centered design

INTRODUCTION

Phonological awareness is the ability to consciously analyse, segment, and
manipulate language structure, i.e., syllables, intrasyllabic units, and phone-
mes (Defior and Serrano, 2011). The development of PA at an early age is
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crucial for acquiring literacy skills, yet it can be challenging for young chil-
dren to master (Sysoev et al., 2017). In today’s digitised society, technology
constitutes an invaluable educational resource and a source of interest for
children. According to Rideout and Robb (2020), children are exposed to
mobile devices early in their development, spending more than three hours
(3:05) per day between the ages of 5 and 8. The most common activity on
mobile devices is watching online videos, followed by playing video games.
As a result, with games being an integral part of their daily lives, children
tend to have a high level of digital and gaming literacy (Blumberg and Fisch,
2013).

In elementary school, students who struggle with reading are at greater
risk of underachieving in later grades, struggling in other areas of learning,
and developing emotional and behavioural problems (Cheung and Slavin,
2013). Fortunately, several studies have proved the effectiveness of traditio-
nal methods for stimulating PA through small-group instruction (Foorman
and Torgesen, 2001; O’Leary et al., 2010; Cheung and Slavin, 2013). Never-
theless, differentiating instruction and conducting small-group activities can
be challenging in early childhood centres with inadequate child-educator
ratios (Perlman et al., 2017). Given this context, educators and researchers
have acknowledged the importance of developing modern, cost-efficient, and
versatile pedagogical tools and assessment methods to facilitate individuali-
sed and differentiated instruction while also compelling student interest and
engagement.

Considering the mentioned above, coupled with the rapid advancement of
technology, the incorporation of technology in education has evolved into the
widely recognised concept of e-learning; this innovation has offered multiple
benefits and has become the choice method for many learners. According to
Horachek (2014), e-learning consists of employing technology to facilitate
learning, which is achieved by using an internet connection and a web bro-
wser to deliver educational material online and asynchronously. Educational
technology can provide equal opportunity by giving all students access to the
same curriculum, delivered in an optimal environment, regardless of their
geographic location (Ojanen et al., 2015).

The utilisation of gamification in e-learning is a practical approach suppor-
ted by both traditional pedagogy and the principles of neurobiology. Some
of the most notable benefits include immersion, enhancing spatial learning,
promoting active learning, reinforcing and conditioning, fostering emotional
attachment to the learning experience, and facilitating cognitive flow (Hora-
chek, 2014). These are just a few examples of why gamification can be a
valuable addition to e-learning.

Serious games, also known as educational games, are subtypes of e-
learning (Breuer and Bente, 2010). These are digital applications whose
primary objective is not to entertain but to use entertainment as a resource
to increase the motivation and engagement of participants, thus fulfilling the
goal for which the game was designed (Loh, Sheng and Ifenthaler, 2015). The
concept of “serious games” refers to the combination of gaming, simulation,
and learning or training to promote serious outcomes, such as health, educa-
tion, prevention, physical exercise, and rehabilitation (Wiemeyer and Kliem,
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2012). Studies have shown that using serious games can lead to improved
understanding and retention of subject matter and increased motivation and
engagement among learners.

This study contributes to the field of education by developing a suite of
games that facilitate differentiated instruction and integrate PA content in a
playful and motivating way. To this end, we adopted a user-centred design
(UCD) so that the user was involved in developing the game (Abras, Malo-
ney and Preece, 2004). Studies show that when the target audience actively
participates during game development as co-designer, they feel even more
motivated and engaged (Kleine, Pearson and Poveda, 2016). In addition,
UDC focuses on usability principles and ensuring user satisfaction, even for
those with lower computer literacy (Darejeh and Dalbir, 2013).

This paper is organised as follows: Section II describes the related
works for serious games focused on phonological awareness training. Then,
Section III details the methodology used for developing the proposed game,
while Section IV presents the results. Finally, Section V concludes the paper
and provides guidelines for future work.

RELATED WORK

Phonological skills encompass a range of phonological processes that deve-
lop at varying levels of cognitive complexity. These processes range from
recognising sounds that distinguish words to more advanced skills, such as
segmenting and manipulating sounds within words by omitting or adding
phonemes (Gutiérrez and Díez, 2018). In this context, Jime’nez and Ortiz
(2007) designed a PA training program (PECONFO) that includes a sequence
of procedures and activities to facilitate reflection on the different phono-
logical units of speech. The phonological units studied in PECONFO are
presented in the following order: lexical segmentation, syllabic awareness,
then intrasyllabic awareness, and finally, phonemic awareness.

Nshimbi et al. (2020) examined the effects of using a mobile-based literacy
game called Graphogame to improve literacy skills in children and adults.
Three tests were administered to measure letter-sound identification, phono-
logical awareness, spelling, and word recognition. The results showed that
the study group outperformed the control group on all three tests. There-
fore, researchers conclude that educational games can improve children’s and
adults’ literacy skills in rural Zambia.

Over the past decade, educational games have been demonstrated to be
an efficacious tool for achieving learning objectives across various disci-
plines, including mathematics, chemistry, medicine, and language (Ibarra
et al., 2016; Zhonggen, 2019; Escudeiro, Escudeiro and Gouveia, 2022).
In the realm of educational technology, Sysoev et al. (2017) developed Spe-
echBlocks (SB). This mobile application aims to assist children in exploring
spelling principles bymanipulating letter combinations and the auditory feed-
back of their pronunciation. The ultimate goal of this application is to help
children acquire text decoding skills and to provide a means for students’ self-
expression. The effectiveness of SB was evaluated through a study involving
16 4- and 5-year-old children. The results of this evaluation revealed several
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benefits that emerged from the interaction with SB, such as an increase in
student engagement in literacy activities, a heightened sense of authorship,
and an improvement in self-efficacy.

According to Wiemeyer and Kliem (2012), depending on their purpose,
serious games can be classified into one or more competency domains, such
as sensory-motor, emotional, personal, social, and cognitive. In line with this
approach, Cano et al. (2017) developed a serious game called ABCD-Spanish,
which aimed to facilitate the learning and reinforcement of literacy skills in
children with cognitive disabilities. To this purpose, the game’s development
was guided by a user-centred methodology. The evaluation of the game reve-
aled an increase in the children’s interest and motivation when performing
the various activities, highlighting the potential of this approach for promo-
ting literacy skills in children with cognitive disabilities. Overall, the study
provides valuable insights into the application of serious games as an educa-
tional tool and the importance of considering the specific needs of the target
population in the development process.

Despite the evidence supporting educational technologies’ effectiveness for
PA instruction, an effective educational game based on UCD principles to
enhance learning in early childhood education has yet to be developed. To
address this gap in the literature, we developed KUSI. This web application
combines game-based elements with evidence-based techniques to promote
early literacy skills. The PA training program (PECONFO) proposed by
Jime’nez and Ortiz (2007) was taken as a reference, specifically the activi-
ties related to syllable deletion. Using educational games in early childhood
can provide children with a fun and engaging way to learn literacy skills
and the necessary foundation for reading and writing development. Further-
more, smart devices can provide children access to educational resources and
activities regardless of location and facilitate personalised learning.

METHOD

This study aims to develop a web-based educational game that promo-
tes literacy learning among elementary school children by stimulating their
phonological awareness. The proposedmethodology to achieve this goal inte-
grates UCD principles (Wallach and Scholz, 2012) and the Agile-SCRUM
framework (Adi, 2015) following guidelines presented by (Larusdottir, Gul-
liksen and Cajander, 2017) through an iterative four phases process: 1) Scope,
2) Analysis, 3) Design, and 4) Validate. This integration allows the study to
benefit from both approaches, with SCRUM focusing on team communi-
cation and collaboration to achieve timely and consistent software delivery
and UCD placing the user at the centre of the development cycle, emphasising
usability and user experience.

Scope

The scoping phase is a critical component of the UCD process, and its
successful execution can significantly influence the final product’s success
(Wallach and Scholz, 2012). During this phase, three major activities were
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performed and assessed qualitatively: 1) the selection of the appropriate pho-
nological awareness program, 2) the definition of project objectives, and 3)
the identification of constraints. These activities were crucial in establish-
ing the necessary components to ensure the usability of the game and the
achievement of the project’s purposes.

Analysis

This phase aims to gather comprehensive information about the user attribu-
tes and requirements to define the product and ensure its usability (Wallach
and Scholz, 2012). To this end, activities related to the specification of the
context of use and requirements were carried out. We employed two qua-
litative research methods to gather information: Contextual Inquiry and
In-depth Interviews. The former involved observing teachers and students
in their daily environment to understand the context in which they interact
and how it impacts their experiences. Casado et al. (2020) cited contextual
inquiry as a highly effective method for discovering and comprehending the
context of users and how their environment influences their interactions. In-
depth Interviews, on the other hand, were conducted with teachers to gain a
deeper understanding of the users’ needs, preferences, and experiences with
interactive learning systems. These interviews provided valuable insights into
the requirements of the target audience.

Design

The objective of the design phase is to translate the insights and findings from
the previous phases into a tangible artefact. This phase comprises two disti-
nct components: conceptual design and prototype design. The conceptual
design focused on gaining a deeper understanding of the users by employing
user profiling and scenario development techniques. In contrast, prototype
design allowed us to involve users in crucial interface design, controls, and
navigation decisions.

Conceptual Design. Implementing the user profile achieved a comprehen-
sive understanding of the interaction between users and the application. The
use case method was employed to achieve this goal. The examination iden-
tified three user groups: the administrator, the teacher, and the student. The
administrator’s responsibilities include maintaining activities and managing
account registrations for teachers. The teacher is responsible for registe-
ring students, providing guidance throughout the activities, and generating
reports for their student group. Finally, the student completes the designated
activities within the application.

Using user scenarios involves the creation of simple narrative stories that
articulate the actions and motivations of a particular persona within a defi-
ned context (Wallach and Scholz, 2012). These scenarios clearly describe how
a user aims to achieve a specific goal while leaving room for design solutions
to fill in the interaction details. The focus of these scenarios is not on tech-
nology but on the user’s perspective. They provide a means of understanding
the “what” of user interaction and the “why” behind it. The result of the
conceptual design is the product backlog, a list of plans to be accomplished
by the team (see Tables 1 and 2).
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Table 1. User stories.

Id. Name Description

US01 Web Application As a teacher, I want the software to work as a web
application.

US02 Activity 1 As a teacher, I want the student to listen and select
the image formed by deleting the last syllable.

US03 Activity 2 As a teacher, I want the student to listen and select
the image formed by deleting the first syllable.

US04 Activity 3 As a teacher, I want the student to listen and select
the image formed by deleting the mid-syllable.

US05 Voice recognition As a teacher, I want all activities to implement a
voice recognition system as an alternative method for
selecting answers.

US06 Sign language recognition As a teacher, I want all activities to implement a sign
language recognition system as an alternative method
for selecting answers.

US07 Feedback As a teacher, I want the system to provide auditory
feedback when selecting an answer.

US08 Randomisation As a teacher, I want the images to be loaded randomly
in the activities.

US09 Reports As a teacher, I want to generate reports detailing
student performance on each activity.

US10 Multimedia content As a teacher, I want to manage (CRUD operations)
the multimedia content of all activities, including
audio, images, and text.

US11 Role management As a teacher, I want to enrol students.
US12 Role management As an administrator, I want to enrol teachers.
US13 Menu As a teacher, I want the application to include navi-

gation buttons.
US14 Login As a teacher, I want the application to include a login

section.

Table 2. Features list (adapted from Adi, 2015).

Features List Sprint Planning

No. Backlog Item Description User
stories

Weeks
Sprint

Total
Days

1 Database
design

Data modelling 1 3

2 Game
activities

Activities to
develop PA

US02-08 2 17

3 Database
management

Activity
Resources - User
Management

US09-12 1 5

4 System
Interface

General graphical
user interface

US13-14 1 5

After the product backlog was established, the time required to complete
each identified feature was defined. This process is called Sprint Planning (see
Table 2).

Wireframes offer a consolidated view of the proposed design, which is cri-
tical in the iterative nature of UCD. Creating wireframes makes it possible to
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Figure 1: Wireframes.

conduct an initial validation of the application design, providing an opportu-
nity to involve users in the design process and acquire valuable feedback that
can be used to refine and improve the design (Wallach and Scholz, 2012).
Based on the specified requirements and user stories, a sequence of wirefra-
mes was developed to illustrate the various interfaces of the application (see
Figure 1). The feedback gathered from stakeholders was then used to make
the necessary modifications to the application’s design.

Develop. The software development process followed the guidelines esta-
blished by Larusdottir, Gulliksen and Cajander (2017) to enhance the user-
centred approach. To this end, a new activity was incorporated into the
process, which implicated scheduling regular face-to-face meetings with users
between sprints. Daily Scrum meetings were held with the development team
to track the progress of eachmember. At the end of each sprint, a sprint review
was conducted to assess compliance with the defined goals and timeline. This
approach ensured that the software development process was aligned with
the needs and expectations of the users.
Kusi was engineered using JavaScript and HTML for the front end and

PHP for the back end. The activities and users’ information was stored in a
MySQL database. This combination of technologies allowed the creation of
a dynamic and user-friendly web-based educational game capable of meeting
the demands of its intended users (see Figure 2).

Validate

The validation of the prototype is an essential step in the UCD process.
Participants recruited for this stage were chosen based on their profile as
prospective users and their ability to assess the application’s effectiveness
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Figure 2: Educational game.

in real-world scenarios (Wallach and Scholz, 2012). The empirical study
consisted of two main components: 1) usability tests, which involved the
participants engaging with a sequence of task scenarios to identify any issues
related to interaction, such as conceptual inconsistencies or learning bar-
riers caused by the interface design. 2) A usability questionnaire used the
System Usability Scale (SUS) to gather the users’ subjective opinions on the
system’s usability (Bangor, Kortum and Miller, 2009). Combining these two
components provides a comprehensive evaluation of the prototype’s usability,
ensuring that the final product is designed with the end user in mind.

RESULTS

A serious game was obtained that allows the creation of linguistic exerci-
ses from a series of activities designed by the therapist in the context of a
playground to promote playful learning in a familiar environment for the
children. The results of each exercise were stored in a database, allowing the
specialist to monitor and evaluate the children’s performance. In addition, the
game offers an inclusive design aimed at meeting the needs and preferences
of the users, incorporating several interaction mechanisms, such as sign lan-
guage captured from the camera and voice commands where the microphone
intervenes.

Each participant was asked to complete a 10-question System Usability
Scale (SUS) questionnaire after completing the usability test. The question-
naire was administered in a digital format using Google Forms and presented
to the participants in a standardised manner. The SUS score is calculated
based on a 5-point Likert Scale, ranging from 0 to 100, with scores above
73 being interpreted as “excellent” (Bangor, Kortum and Miller, 2009). The
study’s results revealed a SUS score of 74.44, indicating that the system was
well-received and considered highly usable by the participants.
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CONCLUSION

In conclusion, phonological awareness is themetalinguistic ability that allows
the development of language structure. Early stimulation is crucial to acqui-
ring reading and writing skills. In this way, in a digitised society where
technology constitutes a tremendous educational resource and source of inte-
rest for children, it is necessary to support learning by including digital
applications that facilitate differentiated and inclusive instruction in play-
ful and motivating ways. In this context, educational games have become a
modern and precise tool to solve these needs.

The game of this research proposal offers an inclusive design aimed at sati-
sfying the needs and preferences of users, incorporating various interaction
mechanisms, such as sign language captured from the camera and voice com-
mands where the microphone intervenes. These mechanisms will help the
gradual incorporation and development of phonological awareness, mainly
the result of reading and writing in children.

Hence, the need to involve therapists in an iterative UCD process so that
they can identify alternative teaching-learning mechanisms that encourage
children to use technology for other purposes.

Thus, this project opens new research lines about applications like this for
helping teach other languages and develop linguistic skills like lexical and
grammar, among others.
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