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ABSTRACT

The Quick Response (QR) codes are two-dimensional barcodes that
consist of a pattern of black square dots on a white background and can
be scanned by smartphones and other camera-equipped mobile devices.
Since this technology has recently been implemented in textbooks, this
study was conducted to investigate the effect of enriching the content of
science textbooks using QR code technology on elementary school
students’ academic engagement. The research method was quasi-
expetimental with a pre-test-post-test design with a control group. The
statistical population of this study was all fourth-grade students in District
1 of Qazvin in the academic year 2022-2023, who were selected using an
available sampling method and randomly assigned to two experimental
and control groups. The data collection tool was Rio's (2013) Academic
Engagement Assessment Questionnaire. For the experimental group, the
teaching of science concepts using QR code technology was enriched for
13 sessions of 45 minutes (one session per week) after the teachet's
instruction for general review and consolidation of learning. The control
group followed the traditional method of teaching science. To analyze
the reseatch data, statistical methods wete used at two levels: desctiptive
(mean and standard deviation indices) and inferential (multivariate
covariance analysis) to test the research hypotheses. The results showed
that both methods, traditional and QR code were effective in increasing
student academic engagement in both groups. However, the effect of the
QR code method on academic engagement was significantly greater than
the traditional method. Therefore, it is suggested that teachers use QR
code technology at the end of instruction to consolidate and deepen
student learning and engagement.
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Introduction
Academic engagement refers to the active participation of students in classroom
tasks and activities (Rio and T. Seng, 2011). Students with high academic
engagement attend school regularly, focus on learning, are committed to school
rules, earn higher grades, and have better academic performance and satisfaction
(Sadat et al., 2020). Academic engagement is also one of the key factors
influencing student success and one of the most important indicators of the
quality and progress of education (Farhadi et al., 2016). Given these definitions,
student engagement is a constant concern for educators due to its positive
association with deep learning and educational outcomes (Mahdavi Rad et al.,
2022). Academic engagement, as a key component of the learning process, plays
a crucial role in students' academic progress. However, one of the fundamental
challenges in traditional education systems is the mismatch between textbook
content and students' needs and interests. This mismatch can lead to a lack of
motivation and interest among students in learning the curriculum, resulting in
fatigue and boredom during the learning process (Seyedghotbi, 2020). The
content of science textbooks, in many cases, lacks sufficient appeal and
dynamism, causing students to experience fatigue and boredom during learning,
thus diminishing their academic engagement (Izad et al., 2020). Furthermore,
traditional education systems do not adequately utilize emerging technologies in
the teaching-learning process. This hinders the potential of these technologies
to enhance the quality of education (Tabatabaian and Mashayekh, 2022).
Furthermore, students in disadvantaged and rural areas do not have adequate
access to diverse and engaging educational resources. These results in fewer
learning opportunities for them compared to students in urban areas
(Heidarzadegan & Sandoghdaran, 2017). Moreover, many teachers lack the
necessary knowledge and skills to utilize emerging technologies in the teaching
process. This hinders the potential of these technologies to enhance the quality
of education (Ghorbani and Fathizadan, 2021). Studies have shown that the use
of emerging technologies can effectively increase student engagement (Samaavi
et al., 2010)

Given the above, the use of emerging educational technologies appears to be
a significant factor influencing student engagement. This is because it promotes
active student participation in learning, deep learning, completion of
supplementary activities, better grades, and ultimately academic satisfaction and
success. E-learning is a creative approach to delivering insights, skills, and
information designed for a specific purpose. It is learner-centered, interactive,
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flexible, scalable, and innovative, and is produced using digital technology
achievements and delivered through network and internet infrastructure
(Alipour et al., 2021). Times have evolved and changed, and we now have a new
generation of learning technologists. Therefore, this is just the beginning as
technologies begin to transform everything (Amanah & Yunus, 2018). QR code
technology has become increasingly popular in various fields, including
education (Golzari, 2021). In today's era, information and communication
technology (ICT) has increasingly permeated various aspects of human life
(Rejaee et al.,, 2017). Education is no exception to this rule, and the use of
emerging technologies in this field has emerged as an undeniable necessity
(Almasi & Abedini, 2020). QR codes are now being used in textbooks as a
technological tool. QR codes are two-dimensional barcodes that can store
information and be scanned using a smartphone or tablet camera. In education,
QR codes have been used to provide additional resources, interactive elements,
and multimedia content to enhance the learning experiences of students (Brodie
etal., 2020).The use of QR codes increased significantly during COVID-19. This
was a time when the whole world was trying to explore the potential of QR
codes in various sectors. Now, QR codes have become an essential part of our
lives. Almost every industry uses QR codes, including entertainment, education,
sports, textiles, restaurants, healthcare, and tourism (Bala et al., 2023). Therefore,
it is possible to adopt QR codes as a learning tool to support traditional
education. Students may enjoy the learning process and become more motivated
to engage in active learning by implementing QR codes (Chooi et al., 2014). QR
code technology, a popular contemporary technology, has the potential to
simplify the learning process and enhance student literacy development when
implemented in the classroom. Implementing QR-Code technology in primary
school literacy education offers significant benefits, including increased access
to information, improved digital literacy skills, and enhanced student
engagement with the learning process. Therefore, conducting research and
developing learning methods that incorporate QR-Code technology in literacy
education for primary school students is essential to improve the quality of
primary school literacy education (Paramita et al., 2024). By integrating QR
codes into textbooks, students can access supplementary materials such as
videos, simulations, quizzes, and interactive activities related to the experiments
mentioned in the text. This additional content can make learning more
interactive, engaging, and effective for young learners (Kossey et al., 2015). Dr.
Hamed Nik Pey, a mathematics teacher in Mahmoudabad district, proposed the
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use of QR codes in textbooks to the Ministry of Education in 2019 as part of a
project. This idea was inspired by the original concept. In an interview with the
Roshd website, he cited the following reasons for using this technology in
textbooks: students missing out on education due to playfulness or absence from
class, students' need for re-learning, practice, and repetition at home, the high
cost and difficulty of choosing appropriate supplementary textbooks, the
abundance of educational CDs and their need for equipment such as computers,
and the difficulty of searching for and accessing standard content among the
large number of educational videos. QR code technology is now being used in
many textbooks for the 2022-2023 academic year (Samadi, 2021). Therefore,
given the importance of this topic, this research aims to investigate the effect of
enriching science textbook content using QR code technology on the academic
engagement of elementary school students

Methodology
The research method was a quasi-experimental design of the pre-test-post-test
type with an experimental and control group. The statistical population included
all fourth-grade elementary school students in Qazvin city who are studying in
the academic year 2022-2023. Using purposeful sampling, 70 fourth-grade
students were selected and randomly assigned to two groups: experimental and
control. In this research, during the academic year, for the experimental group
after the teachet's instruction in the science lesson, the QR code available on the
content of that chapter was played in the class by connecting to the internet and
using the projector screen, or the students were asked to use it as an assignment
to consolidate their learning and evaluate their knowledge. Then, a survey was
conducted about the strengths and weaknesses of the content or the audience's
satisfaction. In contrast, the traditional method of teaching science was used in
the control group. The data collection tool was the Rio Academic Engagement
Questionnaire. In this article, the Rio Academic Engagement Questionnaire
(AEQ) was used as a data collection tool to investigate the effect of QR codes
on the enrichment of science lessons and their impact on the academic
engagement of fourth-grade students (Rio, 2013). This questionnaire consists of
17 questions that form four subscales: general, behavioral, cognitive, and
emotional engagement. Respondents rate their responses on a seven-point
Likert scales ranging from strongly disagree to strongly agree.

Questions 1 to 5 measure general engagement, questions 6 to 9 measure
behavioral engagement, 10 to 13 measure cognitive engagement, and questions
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14 to 17 measure emotional engagement. In this research, after selecting the
sample, they were divided into two groups: control and experimental. Then, the
participants in the research were asked to complete the motivation and academic
engagement questionnaire. The experimental group took 13 45-minute sessions
(one session per week) after the teacher's instruction to review and consolidate
learning through QR code content, and the concepts of each chapter were
learned. The control group followed science instruction in a traditional way in
another class. After the end of the sessions, the motivation and academic
engagement questionnaire was re-administered to both the experimental and
control groups as a post-test, and the data was collected and analyzed.

Data Analysis

Data analysis was done at descriptive and inferential levels. At the descriptive
level, the method of descriptive statistics including frequency table, graphs,
central indices (mean), dispersion indices (standard deviation) was used and at
the inferential level, covariance analysis was used. SPSS software was used for
data analysis.

Results

According to the results, the post-test mean in both groups was significantly
higher than the pre-test. This means that both the traditional and QR code
methods were effective in increasing student academic engagement. To
determine which method had a greater impact, covariance analysis was used to
compare the two instructional methods. Before comparing the effect of the two
instructional methods, the assumptions of covariance analysis were examined.
The assumption of normality was tested using the Kolmogorov-Smirnov test,
and the results of this test confirmed the normal distribution of the study
variables in both groups with a significance level greater than 0.05 (p > 0.05). To
test the assumption of equality of variances in the two experimental and control
groups, Levene's test was used, and the results of this test rejected the equality
of variances between the two groups with a significance level of 0.05 (p < 0.05).
Since the sample sizes in the two groups are equal, rejection of this assumption
does not prevent the use of covariance analysis. The assumption of homogeneity
of regression slopes was tested using the test of variance, and the results of this
test confirmed the homogeneity of regression slopes between the independent
variable and the covariate with a significance level greater than 0.05 (p > 0.05).
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The effect of training using the QR Code method on academic engagement was
74% respectively. The educational scores of the educational group with the
encoding method in educational treatment were higher than the traditional
method, which concludes that the encoding method in receiving education
means more than the traditional method.

Conclusion

In the past, teachers tended to conduct classes based on the content of
textbooks, and students only obtained information from their teachers.
However, over time, one-sided learning is no longer enough. Students are
required to do more research to gain more knowledge for their studies.

In recent decades, the development of teaching and teaching methods has
been forced to change as the development of the Internet has provided more
options for teaching methods. As we can see from the research findings
described below, there is much strength to using QR codes in education.

According to a study by Rawlins and Seaman (2024), the results showed that
student feedback for this active and participatory learning experience was
positive. The use of QR codes in the classroom is an innovative approach and
may help to increase student confidence. Also according to a study by Al-
Sababha (2024), the results of the study showed that the experimental group that
used QR code supported booklets had significantly higher scores and showed
more progress than the control group. Overall, this study highlights the positive
impact of integrating QR codes into educational materials and processes. It
shows that using QR codes can be a valuable technology tool to improve
learning outcomes and enhance student engagement. In another study by (Sejati
et al., 2023), the findings suggest that to overcome misconceptions in science
subject learning, educators and students need technology-based media designs
that are easy to use and accessible through smartphones or other devices. As a
result, students will be more efficient with their time, more practical with their
knowledge, and the material received by students will be more focused. This
research (Nurjannah et al., 2023) also successfully developed interactive learning
materials based on QR codes for the statistics education course, which were
found to be wvalid, practical, and effective. Finally, the results of the study
(Striyuliyanti, 2024) showed that students generally expressed a positive attitude
towards the use of QR codes in promoting student-centered learning. They
perceived QR codes as an effective tool for increasing motivation, engagement,
and access to learning resources. Despite the challenges of different levels of
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motivation in group work and time constraints, students expressed high
agreement to continue using QR codes for future learning. This underscores the
importance of teacher creativity and effective time management to maximize the
positive impact of QR codes on student-centered learning. While this study
confirms various opinions, it emphasizes the important role of QR codes in
supporting a student-centered approach to learning. Based on the findings on
the effect of enriching the content of elementary school science textbooks using
QR code technology on student academic engagement compared to traditional
instruction, it is concluded that the effect of the QR code method on academic
engagement is significantly greater than the traditional method. However, since
it has recently been implemented nationwide, its use should be institutionalized
for teachers and students. This is because when 511 students in the provinces of
Qazvin, Alborz and Karaj were asked at the end of the academic year 2022_2023,
only 128 were aware of its existence and 87 had used it. As this study showed
(Bala et al., 2023), despite the many uses of QR codes in teaching, only a limited
number of faculty members use this technology in the classroom. The reason is
that many teachers are unaware of the different ways to use QR codes in the
classroom. In addition, there seems to be a need for in-depth research to
examine the educational aspects of this technology (Tsoukala et al., 2024).
According to the importance of the research findings and due to the importance
of this topic on student academic engagement, during the review of the content
of the QR codes in the fourth grade elementary school science textbook during
one academic year, the following points were received:

The general style of the prepared content in most science lessons was
uniform. In educational videos, lesson topics are accompanied by appropriate
examples and book experiments.

Another advantage is that at the end, through various questions, an
assessment of the concepts and knowledge mentioned is made, and after a pause
for the student to think, the correct answer is shown in the video.

Also, in some lessons such as chapters 11 and 12, in addition to the lesson
concepts, there was a supplementary video of flowers and insects, which
improved learning.

In general, after becoming familiar with the QR code in the book and its
appropriate use, the students were satisfied with the content displayed on the
projector screen after the teacher's lesson, and said that they understood the
lesson well and it was interesting for them to review the code after going home
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and finishing each lesson on their smartphone and use its content to consolidate
their learning.

Despite its many strengths, the use of this technology in textbooks requires
continuous improvement and collaboration with content production colleagues
across the country so that students can have access to well-prepared,
comprehensive and rich content in case of absence from class, and on the other
hand, understand the concepts of the lesson well so that they do not fall behind
in their studies.

To this end, the weaknesses identified in the QR code content in the fourth
grade elementary school science lesson are presented along with suggestions for
their improvement, as follows:

The style of speaking and talking in educational videos is serious and suitable
for adults. It is better for the speaker of the content to be flexible in their speech
and voice and to express it in a clear and age-appropriate manner. If the videos
are used for people with special needs, it would be great if they also have subtitles
ot sign language. It is better for all uploaded videos to have the same format and
standard mark, although they currently need to be improved and unified to reach
their final goal. All the lessons in fourth grade science had a similar structure
except for lesson 10, which did not have a complete educational video and only
a small part of the lesson was explained by a foreigner with dubbing, and the
chapter on rocks was also presented in the form of an animation and a very brief
introduction to the types of rocks.

QR codes, as a new technology, offer unique capabilities for enriching
textbook content and increasing student academic engagement.

Enriching science textbooks with QR code technology offers a promising
opportunity to improve the academic engagement of elementary school students
with the subject.
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