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ABSTRACT

Science disciplines require a deeper study of theoretical material by performing laboratory work, which includes perfor-
ming experiments. In this regard, it will be useful to actively introduce new technologies into the educational process.
In this study, QR codes were integrated into the Organic Chemistry Course textbook to direct university and high school
students to the appropriate videos about the experiments. In this respect, this study aimed to analyze university and high
school students™ acceptance of the QR code technology used in the “Organic Chemistry” course. This research model is
based on the Technology Acceptance Model (TAM) and the Unified Theory of Acceptance and Use of Technology2 (UTAUT2).
Hence, the study included perceived playfulness, social influence, facilitating conditions, hedonic motivation, perceived
ease of use, perceived usefulness, behavioral intention, and attitude as the major antecedents of students’ acceptance of
QR codes. In total, 204 Kyrgyz students in university and high school level participated in this study. Partial Least Squares
Structural Equation Modeling (PLS-SEM) analysis was applied to analyze the effects of factors on students’ acceptance of
QR codes. The study revealed that facilitating conditions, hedonic motivation, social influence, perceived ease of use, and
perceived usefulness are the significant factors towards students’ acceptance of QR code use in Organic Chemistry course.

KEYWORDS Instructional videos; Organic chemistry; QR code; Technology acceptance.

RESUMEN

Las disciplinas cientificas requieren un estudio mas profundo del material teérico mediante la realizacin de trabajos de
laboratorio, que incluyen la realizacion de experimentos. En este sentido, serd Gtil introducir activamente nuevas tecnolo-
gias en el proceso educativo. En este estudio, se integraron cdigos QR en el libro de texto del Curso de Quimica Orgénica

CD | INNOEDUCA



https://doi.org/10.24310/ijtei.101.2024.17747
https://orcid.org/0000-0002-2788-3996
https://orcid.org/0000-0002-0832-1808
https://orcid.org/0000-0003-3464-443X
https://orcid.org/0000-0001-9423-6302

Innoeduca. International Journal of Technology and Educational Innovation
Chinara Jumabaeva, Giilgiin Afacan Adanir, Kulumkan Sartova, Gulshat Muhametjanova

para dirigir a los estudiantes universitarios y de secundaria a los videos apropiados sobre los experimentos. En este senti-
do, este estudio tuvo como objetivo analizar la aceptacion de la tecnologia de cddigos QR utilizada en el curso de “Quimica
Organica” por parte de estudiantes universitarios y de secundaria. Este modelo de investigacion se basa en el Modelo de
Aceptacion de Tecnologia (TAM) y la Teoria Unificada de Aceptacion y Uso de Tecnologia2 (UTAUT2). Por lo tanto, el estudio
incluyé la alegria percibida, la influencia social, las condiciones facilitadoras, la motivacion heddnica, la facilidad de uso
percibida, la utilidad percibida, la intencién conductual y la actitud como los principales antecedentes de la aceptacion
de los cddigos QR por parte de los estudiantes. En total, participaron en este estudio 204 estudiantes kirguis de nivel
universitario y secundario. Se aplicé el analisis de modelos de ecuaciones estructurales de minimos cuadrados parciales
(PLS-SEM) para analizar los efectos de los factores en la aceptacion de los codigos QR por parte de los estudiantes. El es-
tudio reveld que las condiciones facilitadoras, la motivacion heddnica, la influencia social, la facilidad de uso percibida y
la utilidad percibida son factores importantes para la aceptacién del uso de cédigos QR por parte de los estudiantes en el
curso de Quimica Orgénica.

PALABRAS CLAVE videos instructivos; Quimica orgénica; Cédigo QR; Aceptacién de tecnologia.

1. INTRODUCTION

QR codes can be used in education as a tool that arouses attention and intellectual activity of students, and
enhances their enthusiasm in learning (Mileva, & Stoyanova, 2017). In education, QR codes can be used for
sharing content, engaging learners having various needs and facilitating learning (Abdul Rabu et al., 2019).
The utilization of QR codes gives fast access to the essential materials for the study of this topic and allows

the student not to spend time searching for the necessary information (Ucak, 2019).

The literature review revealed that there are existing studies that analyzed teacher and student percep-
tions related to the use of QR codes in education. For instance, Ali et al. (2017) showed that teachers perceive
QR codes as simple and effective tools to support educational activities. Moreover, learners are also satisfied

about the use of this technology, as it is quite easy to use.

Karahan and Bilici (2017) examined the opinion of middle school science teachers on the use of QR code
technology in learning. The results showed that the use of QR code in science classes has a positive effect
on the interest, motivation and active participation of students. Situmoranga et al. (2019) revealed that the
use of QR code gives students quick access to the essential learning resources for the development of the
topic and allows them to study independently. Ucak (2019) analyzed the opinions of future science teachers
about the use of QR codes in a course. The participants of the study indicated that QR codes can enrich and
support the teaching process.

The literature confirms the positive perception towards the use of QR codes in education by both tea-
chers and students. QR codes are seen as effective tools, with studies revealing benefits such as increased
student interest and academic performance. The findings highlight the potential of QR codes to enhance
teaching and learning experiences, particularly in science education (e.g., Artemova et al., 2021; Gonzalez-
Rosende et al., 2020). However, further research is recommended to determine optimal strategies for inte-
grating QR codes and improving their effectiveness (Ucak, 2019).
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1.1. Statement of the problem

There is a little number of studies devoted to the study of attitudes towards the use of QR code in the ins-
tructional area from teacher and student perspectives (Abdul Rabu et al., 2019). The attitude towards the
use of QR code in the educational process in a number of studies of the countries of the distant and near
abroad is very positive, a number of publications have demonstrated this. However, the authors of this
paper found no information about the use of QR codes in the educational process in Kyrgyzstan. To close
this gap, this study attempts to examine the attitude of university and high school level Kyrgyz students
towards the use of QR codes in the Organic Chemistry course and presents the results. The authors of this
article believe that the evaluation of the perception of the QR code use in natural sciences teaching will be
interesting. Thus, for the successful implementation of QR code in natural sciences teaching it is necessary

to study the factors that influence it.

1.2. Theoretical background and hypotheses

In order to investigate the acceptance of a technology, researchers generally employ Technology Accep-
tance Model (TAM) and Unified Theory of Acceptance and Use of Technology (UTAUT) models (Afacan, &
Ginar, 2021). TAM investigates users’ perceptions related to a new technology through two main criteria
(Davis, 1989). According to TAM, perceived usefulness and perceived ease of use are important factors
in the acceptance or rejection of new information technology. UTAUT was designed to explain the user’
intentions to use an information system through four factors: performance expectancy, effort expectancy,
social influence, and facilitating conditions (Venkatesh et al., 2003). Then, in 2012, UTAUT2 was proposed
with the integration of three additional constructs: hedonic motivation, price value and habit (Venkatesh
etal., 2012).

This study aimed to investigate the university and high school level Kyrgyz students’ perceptions rela-
ted to the use of QR codes in textbooks for the demonstration of experimental works in Organic Chemistry
course. The study proposed a research model based on two existing models: TAM and UTAUT2. Although
the combination of these models was mostly employed in the context of mobile learning, their combined
use towards the acceptance of QR codes is limited (Abdul Rabu et al., 2018). Applying these models in a
combined way makes it possible to study students’ perception of the use of QR codes in Organic Chemistry
textbook.

The research model of the study considered factors of the TAM and UTAUT2, and based on the study
of Abdul Rabu et al. (2018). The study covers the constructs of TAM such as perceived usefulness, percei-
ved ease of use, attitude, and behavioral intention to use QR codes. In addition, the study involves social
influence, facilitating conditions, and hedonic motivation constructs of the UTAUT2. The overall research

model was provided in Figure 1.
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FIGURE 1. Structure of the Research Model.
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The constructs of the research model and the corresponding hypotheses are provided as follows:

1.2.1. Effects of perceived playfulness (PP) and social influence (SI) on perceived usefulness (PU)

Playfulness is considered as a factor influencing perceived usefulness of a new technology. Abdul Rabu et
al. (2018) considers that while students view the use of this exact technology like a game, they have the

perception that the tool is valuable for concurrent instructional and playing aims.

Tan and Chou (2008) aimed to investigate perceived playfulness according to services related to mobile
information and entertainment. They analyzed a number of studies that have demonstrated the importance
of playfulness in the wider Internet context, online shopping, and mobile Internet services. Based on results
of these studies, they stated that perceived playfulness takes an important role in above mentioned tech-
nologies’ acceptance. Similarly, Abdul Rabu et al. (2018) studied the link between perceived playfulness and
perceived usefulness in QR code acceptance at the Universiti Sains Malaysia. Our research puts forward this
hypothesis within the Kyrgyz context.

Social influence also has an impact on the usefulness perception of the new technology. Gao (2023)
offered that the feelings of individual users are influenced by the opinion of authoritative people for them.
These people’s opinions may encourage their use of a new technology.

According to Al Mansoori et al. (2018), social influence can also be defined as the degree of peer influen-
ce on the use of a particular system. Yang and Choi (2001) found that the direct or indirect impact of social
influences on technology perception varied across technologies. The results may vary depending on the
nature of the technology. The proposed hypotheses (i.e., H1 and H2) will allow investigation of the influence

of factors such as perceived playfulness and social influence on the perceived usefulness of QR code use:

« H1: Perceived playfulness of QR codes has a positive impact on students’ perceived usefulness of QR

codes in learning.

« H2: Social influence has a positive impact on students’ perceived usefulness of QR codes in learning.

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Chinara Jumabaeva, Giilgiin Afacan Adanir, Kulumkan Sartova, Gulshat Muhametjanova

1.2.2. Effects of facilitating conditions (FC) and hedonic motivation (MV) on perceived ease of
use (PEOU)

Facilitating conditions refer to the existing organizational and technical infrastructure supporting people to
use the system (Venkatesh et al., 2003). Triandis (1980) states that if objective conditions in the environment
prevent any behavior, it will not occur. For instance, in the context of computer use, user support is conside-
red as one important facilitating condition that can influence the system utilization (Thompson et al., 1991).
The existence and accessibility of physical equipment or supportive facilities has an important role for the
use of new technologies (Abdul Rabu et al., 2018). In this study, the authors aimed to investigate students’
perceptions of QR code. This technology is easy to apply and learn. Therefore, students expected to accept
it positively.

Hedonic motivation is defined as “the fun or pleasure derived from using technology” (Tamilmani,
2019). According to the authors’ opinion, hedonic motivation is an important determinant of consumer’s
technology acceptance and use. Al-Azawei and Alowayr (2020) offered the hedonic motivation as the fun

and engagement hence leads to enhancing overall performance. Per the above, the study hypothesizes that:

« H3: Facilitating conditions have a positive impact on students’ perceived ease of use of QR codes for

learning.

« H4: Students’ hedonic motivation in using QR codes have a positive impact on their perceived ease of

use of QR codes in learning.

1.2.3. Relationship between perceived ease of use (PEOU) and perceived usefulness (PU)

Perceived usefulness was defined as “the degree to which a person believes that using a particular system
would enhance his or her job performance” (Davis, 1989, p.320), and perceived ease of use was defined as
“the degree to which a person believes that using a particular system would be free of effort” (Davis, 1989,
p.320). According to the TAM, the perceived usefulness and perceived ease of use affect the person’s attitude
toward the system. These factors influence his intention to use the system. Thus, they determine the actual

use of the system (Davis, 1989).

Itis also proposed that perceived ease of use is affecting perceived usefulness. It assumed that the ea-
sier to use the system, the more useful it would be perceived. Sometimes the system is perceived by users
as not useful and not easy to use. In such a case, the acceptability of the system to users is reduced (Carter,
& Bélanger, 2005). Similarly, usefulness and ease of use factors are expected to affect students’ perceptions
of QR code use. Accordingly, the study proposes that:

« H5: Students’ perceived ease of use of QR codes has a positive impact on their perceived usefulness of

QR codes for learning.

1.2.4. Relationship between attitude (ATT) and Behavioural intention (BI)

Some studies consider the attitude of people towards the use of a system. El-Gayar et al. (2011) confir-
med that students’ beliefs about productivity and easy-to-use features of systems will positively affect their
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attitudes towards a new technology. Hence, the authors stated that technologies aiming positive influence

on students’ attitudes (and thus acceptance) should consider performance and effort expectancy issues.

Ifenthaler and Schweinbenz (2016) assumed that the degree to which a student believes that using the
new technology will help to improve his or her performance will have a positive effect on his or her attitude

toward the new technology.

Nair and Das (2012) considered the hypotheses related to fundamental constructs of TAM. According
to their study, perceived ease of use was expected to have an influence on perceived usefulness. In turn,

perceived ease of use and perceived usefulness can both together influence attitudes toward use.

Abdul Rabu et al. (2018) assumed that students’ emotional reaction related to QR code is related to their
usage intentions, which are affected by both their perceived ease of use and perceived usefulness. Hence,

we propose that:

+ H6: Students’ perceived ease of use of QR codes have a positive impact on their attitude towards usage

for learning.

+ H7: Students’ perceived usefulness of QR codes have a positive impact on their attitude towards usage

for learning.

+ H8: Students’ attitudes towards QR codes have a positive impact on their behavioural intentions to use

for learning.

1.2.5. Relationship between Behavioural intention (BI) and Actual Use (AU)

The studies of Chang et al. (2017), Iskandar et al. (2020), Jameel et al. (2020), Shanmugam et al. (2014)
and Venkatesh et al. (2012) supposed that there is a positive relationship between behavioral intention and
actual use behaviour. Behavioral intention can positively influence students’ acceptance of QR code as a
learning tool (Abdul Rabu et al., 2018). Based on the above point of view, our study proposes the following
hypotheses:

« H9: Students’ behavioural intention towards QR codes has a positive impact on their actual use of QR

codes for learning.

2. MATERIAL AND METHOD

2.1. Research methodology

This study aimed to analyze university and high school students™ acceptance of the QR code technology
with the use of the Partial Least Squares Structural Equation Modeling (PLS-SEM). The research model of the
study is based on the TAM and UTAUT2, related to students’ attitude, facilitating condition, hedonic moti-
vation, perceived ease of use, perceived playfulness, perceived usefulness, social influence, and behavioral
intention for the acceptance of QR code use in the Organic Chemistry course.
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In this study, correlational research design was employed to explore the relation among factors of the re-
search model. For the identification of the participants, the study employed the purposive sampling method,

which is suitable for acquiring data from particular group of participants or events (Taherdoost, 2016).

2.2. Participants

The technology of teaching the discipline “Organic Chemistry” using the QR code began to be applied in
the spring semester of 2020-2021 academic year. It was actively applied during 4 semesters. This made it
possible to conduct a survey among the students who used this textbook during the “Organic Chemistry”
course. The survey was mainly completed by students of three Kyrgyz universities and by students in one

high school. Demographic data of participants are provided in Table 1.

TABLE 1. Demographic Data of Participants.

Variables Frequency (f) Percentage (%)
Gender Female 118 57.8
Male 85 41.7
Age 15-17 19 9.3
18-20 106 52.0
21-23 60 29.4
23+ 13 6.4
Level of Education High school 19 9.3
University 185 90.7
Total 204 100

In total, 204 students participated in this study. It can be seen that female participants were 118 and
male participants 85, representing 57.8% and 41.7% correspondingly. According to the demographics, fe-
male participants were more than male ones. The age distribution of participants demonstrated that the
age of participants ranges between 15 and 23+ and most participants are in the age of 18-20 with 52%. This
is followed by the 21-23 age group with 29.4%. The level of education results showed that participant stu-

dents are mostly studying at university level.

2.3. Research setting

The Organic Chemistry textbook started to be used in 2021 at several universities in Kyrgyzstan and in one
private high school. The Kyrgyz language is used in these universities and in this school as the language of

education.

» o«

The Organic Chemistry course is taught to students of specialties “Chemical engineering”, “Ecology”,
“Food engineering”, “Veterinary”, “Agronomy”, “Biology”, and “Chemist-biologist”. It is also used in the high
school for advanced chemistry studies. The textbook is also helpful for teachers of chemistry in prepara-

tion for classes.
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Teaching the course “Organic Chemistry” at universities is as follows. The course lasts for a 16-week
semester. Students have 2 hours of lectures and 2 hours of laboratory work per week. During the lecture,
theoretical material is explained to students. To perform experimental work, students are divided into
small groups of 3-4 people. Further, they independently study the course of the experiment described
in the textbook. Using the QR code placed in the textbook next to the description of the experiment, stu-
dents can go to the video of the experiment posted on YouTube. Each video shows the required reagents,
their quantity, the sequence of the experiment. Students can repeat the experiment at the laboratory of
the educational institution.

The Figure 2 below shows a fragment from the textbook with a description of the experiment and
a QR code for it. Figure 2 provides the following description of the experimental work: “Experiment 2.
Purification of benzoic acid from the mixture. Mix 0.1-0.3 g of benzoic acid with activated carbon in a
porcelain cup, cover with a glass burner, heat the porcelain cup on a sand bath slowly, and do not allow
the substance to melt. After a while crystals begin to form on the surface of the burner. Stop heating and
carefully collect the crystals from the burner. Weigh it and calculate the result. You can try an experiment
by viewing it using the QR code provided.” The video of the experiment, available via the QR code above,

is located at the Youtube platform.

FIGURE 2. A fragment from the textbook with a description of the experiment and a corresponding QR code.

2-raxpbiii6a. BeH30M K
®apdop ubinbira 0,1-0,3 r Gensoi
apa/ialuThIPbIN, aHbIH YCTYH ak
MOHYOCYH/J]d AKBIPBIHABIK Mel
ep6ew kepek (5-cypet), 6up
naiiga 60J0 GaWITAHT, bl
KpHMCTa/LIAapABl  HOrY.

2.4. Measurements

The survey of the study allows the researchers to analyze the acceptance of QR codes by students. The sur-
vey considered factors of the TAM and UTAUT2, and based on the study of Abdul Rabu et al. (2018). Hence,
the survey consists of items of attitude, facilitating condition, hedonic motivation, perceived ease of use,
perceived playfulness, perceived usefulness, social influence, behavioral intention, and acceptance of QR
code constructs. The original survey was translated to Kyrgyz and shared with students taking the Organic
Chemistry course in three Kyrgyz universities and in one high school. For the ethical agreement, related

applications were done to collect data.
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2.5. Data Analysis

Data analysis was done through SPSS (Version 28) and Smart-PLS (Version 4) software. The data analy-
sis covers appropriate analysis for measurement model and structural model. In this respect, reliability
analysis, convergent validity, discriminant validity, and Partial Least Squares Structural Equation Modeling

(PLS-SEM) analysis was applied to analyze the effects of factors on students’ acceptance of QR codes.

3. RESULTS

3.1. Measurement Model

For the measurement model, the initial analysis covers reliability analysis, convergent validity, composite
reliability, as well as average variance extracted. These assessments were obtained as the results of PLS
algorithm and confirmatory factor analysis (CFA).

3.1.1. Reliability Analysis

Initially, reliability analysis was conducted to identify whether the factors are parallel with the hypothesized
results. The results in Table 2 revealed that Cronbach’s Alpha values are ranging from 0.841 to 0.950. Since the
values are higher than the threshold value 0.70, they were found appropriate for the reliability (Kline, 1999).

TABLE 2. Reliability Analysis Results.

Constructs Cronbach’s Alpha
Acceptance of QR Code (AQC) 0.887
Attitude (ATT) 0.950
Behavioral Intention (BI) 0.947
Facilitating Conditions (FC) 0.872
Hedonic Motivation (HM) 0.865
Perceived Ease of Use (PEOU) 0.937
Perceived Playfulness (PP) 0.841
Perceived Usefulness (PU) 0.935
Social Influence (Sl) 0.909

3.1.2. Internal Consistency (Reliability and Validity)

The Figure 3 shows the outer loadings of CFA with PLS algorithm. The values among factors and their items
represent the outer loading values. All of the outer loadings are higher than the threshold value 0.7 propo-
sed by Hair et al. (2017).
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In addition, Table 3 reveals that rho_A and composite reliability values are higher than 0.7 (ranging from
0.843 t0 0.949) and (ranging from 0.911 to 0.960), hence confirming the reliability of the model.

Convergent validity investigates whether the measures should relate are really related (Trochim, n.d.).

Convergent validity is checked with respect to the average variance extracted (AVE) values. Each AVE value

(between 0.721 and 0.898) was found to be higher than the threshold value - 0.5, so verifying the convergen-

ce (Fornell, & Larcker, 1981). Overall, the values in Table 3 resulted that the internal consistency was satisfied

for the measurement model.

TABLE 3. Results for Internal Consistency.

Constructs rho_A Composite reliability Average variance extracted (AVE)
AQC 0.888 0.946 0.898
ATT 0.949 0.960 0.829
BI 0.948 0.959 0.826
FC 0.875 0.912 0.721
HM 0.879 0.911 0.719
PEOU 0.939 0.953 0.801
PP 0.843 0.903 0.756
PU 0.937 0.948 0.721
S| 0.909 0.935 0.784

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Chinara Jumabaeva, Giilgiin Afacan Adanir, Kulumkan Sartova, Gulshat Muhametjanova

3.1.3. Discriminant validity

Discriminant validity investigates whether the measures should not relate are really not related (Trochim,

n.d.). Fornell and Larcker (1981) test was employed to examine discriminant validity. In Table 4, diagonal

values show the square roots of AVE values and other values show the correlation between constructs. Dis-

criminant validity is satisfied since the square root of each construct’s AVE is higher than its every correlation

between other constructs (Fornell, & Larcker, 1981).

TABLE 4. Results for discriminant validity.

Constructs AQC ATT BI FC HM PEOU PP PU Sl

AQC 0.948

ATT 0.755 0.911

BI 0.799 0.889 0.909

FC 0.729 0.788 0.766 0.849

HM 0.724 0.834 0.800 0.800 0.848

PEOU 0.777 0.908 0.875 0.815 0.833 0.895

PP 0.705 0.762 0.775 0.758 0.812 0.780 0.870

PU 0.778 0.862 0.831 0.865 0.853 0.888 0.770 0.849

Sl 0.749 0.815 0.813 0.822 0.819 0.779 0.782 0.835 0.885
3.2 Structural Model

3.2.1. Path Analysis

In order to conduct the path analysis, the first bootstrapping sequence with 1000 samples were performed

in PLS. Figure 4 demonstrates the corresponding graphical results related to the path analysis. The values

between variables represent the t values.
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3.2.2. Path coefficients

Table 5 provides the results for the path relationships in the hypothesized model. It was explored that PEOU
was significantly affected by FC (t=5.404, p<0.05) and HM (t=6.356, p<0.05). PU was significantly affected
by PEOU (t=8.054, p<0.05) and Sl (t=5.344, p<0.05). Yet, it was found that PP has no significant effect on PU
(t=0.833, p>0.05). For the attitude (ATT) towards QR code integration, both PEOU (t=10.182, p<0.05) and PU
(t=3.873, p<0.05) were found as significant predictors. ATT(t=38.221, p<0.05) was found as the significant
antecedent of the BI. And, actual use of QR codes was significantly predicted by Bl (t=20.622, p<0.05).

TABLE 5. Path analysis results.

Confidence interval

t values p values LL UL
ATT ->BI 38.221 0.000** 0.849 0.924
Bl -> AQC 20.622 0.000** 0.727 0.856
FC->PEOU 5.404 0.000** 0.297 0.547
HM -> PEOU 6.356 0.000** 0.362 0.620
PEOU ->ATT 10.182 0.000** 0.561 0.778
PEOU ->PU 8.054 0.000** 0.464 0.702
PP->PU 0.833 0.202 -0.038 0.136
PU ->ATT 3.873 0.000** 0.161 0.378
SI->PU 5.344 0.000** 0.237 0.444

3.2.3 Derived Model

Figure 5 provides the derived model together with the paths having significance. The values between factors

represent the t values. PP was removed from the model, since its effect on PU was found non significant.

FIGURE 5. Derived model.
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3.2.4. Coefficient of determination (R?) TABLE 6. Coefficient of determination values
for the endogenous constructs.

Coefficient of determination indicates the variance

explained by each construct in the research model. Construct il
Table 6 below provides the coefficient of determi- Acceptance of QR Code 0758
nation values for the endogenous constructs in the Attitude 0-926
research model of the study. The values range from ~_BehavioralIntention 0-879
0.758 to 0.938. Since these values are higher than  Perceived Ease of Use 0.864
0.70, the variance explained by each construct was  Perceived Usefulness 0.938

high based on criteria of Kline (2015).

4. DISCUSSION

This study investigated the acceptance of QR code technology in the “Organic Chemistry” course among uni-
versity and high school students in Kyrgyzstan. The research model is based on the Technology Acceptance
Model (TAM) and the Unified Theory of Acceptance and Use of Technology 2 (UTAUT2). Similar research mo-
dels have been successfully applied in various contexts, such as examining students’ initial perceptions of
QR codes (Abdul Rabu et al., 2018), analyzing the intentions of future teachers to use Web 2.0 technologies
in their courses (Simsek, & Ates, 2022), exploring students’ attitudes towards distance learning programs
(Onyekwere, & Enamul Hoque, 2023), and investigating students’ behavior regarding the adoption of cloud-
based virtual platforms (Sayginer, 2023). The current study identified social influence, facilitating condi-
tions, hedonic motivation, perceived usefulness, and perceived ease of use as significant factors influencing
students’ acceptance of QR code usage in the Organic Chemistry course.

Socialinfluence, as defined by Mei-Ying et al. (2012), examines whether users are influenced by others to
adopt a particular technology. In the context of this study, social influence was found to exert a significant
positive effect on students’ perceived usefulness of QR codes in the learning process. This aligns with the
findings of Chooi et al. (2014) and Moorthy et al. (2014), who also observed a significant and positive impact
of social influence on students’ intentions to use QR codes as an instructional tool. Students’ decisions to
embrace QR codes are shaped by the opinions of their peers and instructors. Hence, the study suggests
that when students receive support or assistance from their friends and instructors, they are more likely to

perceive QR codes as useful and exhibit greater acceptance of their use in the Organic Chemistry course.

Facilitating conditions refer to the availability of organizational and technical infrastructure supporting
users’ acceptance of a technology (Venkatesh et al., 2012). Factors such as the lack of necessary technical
devices, the need for additional software installation, and extra training may pose obstacles to the adoption
of new technology. Previously, these factors acted as barriers to the widespread adoption of technology
(Durak et al., 2016). The results indicated that students’ perceived ease of use of QR codes was significantly
influenced by facilitating conditions. Similar findings have been observed in other studies. For example,
Sukendro et al. (2020) demonstrated that available facilities, an appropriate environment, and Internet ac-
cess facilitate students’ acceptance of e-learning. Additionally, Moorthy et al. (2014) identified a positive

influence of facilitation conditions on students’ behavioral intention to use QR codes in education. Before
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incorporating QR code technology into courses, instructors can provide guidance on its use. Furthermore,
students can receive support when facing issues related to the use of QR codes. This approach ensures that
students have the opportunity to understand QR code usage and safely integrate QR technologies into their

learning experience.

Our results align with those of a study conducted by Chyou et al. (2012) that investigated the adoption
of QR code services in Japan and Taiwan. The key factors influencing behavioral intention were found to
be social influence and facilitating conditions, followed by perceived ease of use and perceived usefulness.
The successful adoption of QR code technology in Japan was attributed to the availability of information
and technical support from various companies. In contrast, in Taiwan, the lack of such support led to less
awareness of QR codes among the general population, despite their widespread availability. QR code usage
eliminates the need for additional device purchases, software installations, and instructional requirements,
making the technology more accessible. The current prevalence of smartphones with QR code scanning
programs and affordable Internet access among students and teachers in Kyrgyzstan (Sultanov, 2023) pro-

vides a solid foundation for the further development of this technology.

Hedonic motivation, defined as “the fun or pleasure derived from using a technology” (Escobar-Rodri-
guez et al,, 2014, p. 138), was a focal point in the current study, investigating whether students perceived
the use of QR codes as enjoyable, entertaining, and interesting as a learning tool. The findings revealed that
hedonic motivation significantly and positively influenced the perceived ease of use. Similar results are evi-
dent in the existing literature. For instance, Twum et al. (2022) identified a significant effect of hedonic mo-
tivation on students’ intention to use e-learning. Likewise, Chang et al. (2017) explored how hedonic value
significantly affected the attitudes of auto-repairing students toward the use of QR codes in learning. Niko-
lopoulou et al. (2021) examined the influence of hedonic motivation on the intention to use new technology
in the future, emphasizing the pivotal role of the initial experience. They contend that the first encounter
with technology plays a significant role; a positive initial experience increases the likelihood of continued
use. In the context of teaching Organic Chemistry, students’ positive experiences with using QR codes were

noted, encouraging their further adoption of this technology, as confirmed by the conducted analysis.

Perceived usefulness refers to users’ beliefs about the positive impact on their performance when uti-
lizing technologies (Davis, 1989). This study aimed to determine if learners perceived QR codes as useful,
given their access to relevant information, faster completion of learning activities, and time-saving benefits
during tasks. The study revealed that perceived usefulness significantly and positively influenced students’
attitudes toward using QR codes in learning. Similarly, Durak et al. (2016) found that students acknowledged
the positive effects of QR codes on learning, particularly through visuals and updated information. In a para-
llel study, Nazar et al. (2022) demonstrated that students found QR codes useful for learning about chemical
instruments, using appropriate media, while minimizing risks of accidents in a laboratory environment. The
effective use of QR codes in teaching promotes a better understanding of the material and enhances acces-
sibility to learning resources, especially for students with special educational needs (Pastor et al., 2015). In
the context of learning organic chemistry, QR codes offer quick and easy access to multimedia content such
as videos and additional course-related information. This accessibility improves students’ comprehension
of complex chemical processes and reactions (Nazar et al., 2022). In addition, the integration of QR codes
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into educational materials allows students to engage in just-in-time training and access video materials to
develop practical skills (Schulz, & Ottolini, 2023).

Perceived ease of use refers to the participants’ ideas about easiness of the technology (Davis, 1989).
From the perspective of this study, it isimportant to investigate whether learners could easily learn scanning
QR codes and whether they gain expert in using QR codes for learning. It was revealed that perceived ease of
use has a positive and significant influence on students’ attitudes towards QR code use in learning. As one
construct of TAM, it was also found important for users’ acceptance of QR codes and different technologies
in the current literature. For example, Del Rosario-Raymundo (2017) revealed that participants found the
use of QR codes easy as a mobile learning instrument. Karia et al. (2019) suggested that QR guidelines can
be provided to students for the appropriate use of the QR code technology. Despite the fact that all partici-
pating students possess a mobile device and are accustomed to using mobile systems, the current study re-
vealed that students’ attitudes are influenced by factors associated with user-friendliness. Specifically, the
research revealed the significance of providing students with convenient access to the system. This finding
suggests that for QR codes to gain widespread acceptance from students, it is crucial to ensure their user-

friendliness with clear guides in the Organic Chemistry course.

5. CONCLUSIONS

This study revealed that social influence, facilitating conditions, hedonic motivation, perceived usefulness,
and perceived ease of use are significant factors influencing students’ acceptance of QR code usage in the
Organic Chemistry course. Students prefer using QR codes in Organic Chemistry textbooks to access video
materials when encouraged by instructors and peers. Therefore, for the successful adoption of QR code usa-
ge in learning, it is crucial for students to receive necessary support and assistance from their instructors
and peers. Students’ existing knowledge, along with available resources, also plays a vital role as facilitating
conditions. When students acquire essential knowledge for using QR codes, they can access videos and gain
insights related to the Organic Chemistry course. In this context, interactive guides can be developed to assist
students in learning how to use QR codes. The integration of interactive functions into QR technologies for
the Organic Chemistry course would enhance students’ adoption. Fun and interesting systems can be provi-

ded through the incorporation of interactive features into QR technologies for the Organic Chemistry course.

Students’ acceptance of QR codes is likely to increase when they are provided with easy-to-use and use-
ful systems. From the students’ perspective, QR codes are easily accessible through mobile devices for re-
trieving learning materials in the Organic Chemistry course. In terms of usefulness, students can efficiently
complete learning activities and save time by using QR codes as a learning tool. When integrating QR codes
into the Organic Chemistry course, attention to these aspects is essential for fostering acceptance of this

technology.

5.1. Limitations and future lines of research

The sample size is one limitation in this study. The number of students who submitted responses to the

questionnaire was not as high as anticipated. Therefore, in the upcoming studies it would be valuable to

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Chinara Jumabaeva, Giilgiin Afacan Adanir, Kulumkan Sartova, Gulshat Muhametjanova

acquire data from a group with large number of students. Another limitation was that surveys were used

for the collection of data. In forthcoming studies, interviews can be organized with students to understand

more about their use related to QR codes. In this way, qualitative analysis can be conducted for a more

comprehensive analysis of students’ acceptance of QR codes in learning. Hence, it can be potential to better

reveal constructs related to the acceptance of QR codes. The other limitation is the lack of moderating varia-

bles in the research model. In a future study, the effects of demographic variables such as gender, academic

level can be considered for the comprehensive investigation of the research model.
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