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Abstract: The application of Augmented Reality (AR) in science and its potential have been widely recognized.
Research generally suggests that AR can enhance students' motivation in learning, though findings on whether AR
improves academic performance remain inconsistent. This mixed methods quasi-experimental study, which examined
the use of a developed AR-assisted learning app in science classrooms, confirmed the critical role that teachers play in
implementing AR-enhanced inquiry activities. Additionally, the study analyzed teaching mechanisms for the effective
use of AR-enabled learning, offering specific suggestions for AR instructional designers and teachers to effectively
design and implement AR activities into teaching practices.
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1. Introduction

The past decade has seen a development in the number of Augmented Reality (AR) applications being used in
education. Although studies have shown the benefits in using AR for students (Chang et al., 2023), there are certain
implications that educators should be mindful of. The effective use of AR also requires the adoption of suitable
pedagogical approaches and teaching strategies (Garzon et al., 2020; Wen et al., 2023). Pedagogical models that provide
practical strategies for designing teaching processes and resources, such as Keller’s ARCS model (1987), have been
used to promote learners’ engagement in AR-supported learning environments (e.g., Hao, 2023; Li et al, 2023). While
teachers envision the advantages in adopting AR-enhanced learning, they may lack the necessary competencies for AR
implementation (Nikou et al, 2023). Furthermore, managing students are challenges that teachers face, and if not given
adequate support, may result in the teacher feeling overwhelmed and not able to fully capitalise on AR’s affordances,
ultimately missing out on potential teaching opportunities. However, few studies focus on understanding the
prerequisites for teachers or specific mechanisms to implement AR activities effectively in classrooms. Therefore, the
purpose of this study is to investigate which specific real-time mechanisms employed by teachers in implementing

AR-supported learning activities may influence students’ learning motivation and their learning performance.
2. Literature Review

This study is grounded in Keller’s ARCS model (Attention, Relevance, Confidence, Satisfaction) (Keller, 1987). It
has been effectively applied to technology-enhanced learning environments, serving the needs of educational research
and practice (Ma & Lee, 2021). Motivation has been identified as a crucial factor in learning that affects students’
academic achievement and emotion (Shapiro et al., 2017), so motivation is an important component from which
instructional design can be understood. There are also other motivational design models; however, earlier models often
concentrate on specific motivational characteristics, such as achievement motivation. In contrast, the ARCS model takes
a more holistic approach to designing motivating learning environments.

Keller’s model (1987), comprising four components of attention, relevance, confidence, and satisfaction,
demonstrates a motivational design strategy by first capturing and sustaining learners’ attention, while triggering their

curiosity. Next, relevance requires learning activities to be aligned with the individual goals and needs of learners for it
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to be perceived as meaningful. The model also emphasized that learners' confidence can be fostered by their sense of
control and their expectations of success, as it impacts the effort, they are willing to invest in the activities. Lastly,
learners’ completion of learning goals will impact their level of satisfaction and cultivate a sense of reward and pride
(Li & Keller, 2018). Keller outlined these four major components that need to be present for learners to feel motivated
and sustain that motivation.

Studies have shown that the use of AR technology in educational settings can help enhance motivation (e.g. Silva et
al., 2023). For instance, as reported in the systematic review by Garzon et al. (2019), motivation was the second most
frequently reported benefit of AR use in classrooms. The overlay of 3D virtual elements in a real-world setting provides
an immersive quality that captures learners' attention, creating a learning environment that can enhance motivation (Xu
et al., 2022). Moreover, the contextualized scenarios provided by AR technology can bridge the gap between the
theoretical content and real-world application (Lin et al., 2023). The AR elements can provide authentic learning
scenarios which help students see the relevance of their learning. This can engage students further, motivating them
through a sense of purpose and meaning. Although a growing number of studies have paid attention to the design of AR
learning environments guided by ARCS model (e.g., Hao & Lee, 2021; Laurens-Arredondo, 2022), there is scarcity of
research on teachers’ implementation strategies that reflect the ARCS model in AR environments to ensure the
effectiveness of design.

1. What are the effects of AR-based learning approach guided by ARCS design on students’ academic performance
and learning motivation?

2. What mechanisms used by teachers during the implementation of AR-based learning may affect students’

learning motivation?
3. Methods

3.1. Participants

This study was carried out in three Singapore primary schools on the topic of digestion. It involved grade 4 students
(10 — 12 years) from 10 classes, along with their science teachers. The duration for the study was for a period of over
three weeks. The learning objectives for all the classes were similar, based on the curriculum. However, 6 classes from
the 3 schools used the AR app “The Doctor’s Digest” to learn about digestion, while 4 control classes from the same
schools did not.

For the experimental classes, the teachers used the AR Doctor’s digest app together with AR designed worksheets.
Additionally, they also covered worksheets from the school’s official Textbook. Each lesson began with a brief
introduction to the Digestive system and a demonstration of how to use the AR app. Students then used the ipads to
complete the AR activities and worked in groups of three or four. For the control classes, students were taught using
traditional teaching methods without the use of AR. The control class lessons included teacher-led lectures and teacher-
led class discussions. Teachers presented the concepts using visual aids such as PowerPoint slides and showed videos to
complement their lectures. Both the experimental and control classes completed the same worksheets from the school’s
official Textbook.

3.2. AR-based learning guided by ARCS design on the topic of digestive system

The app’s storyline is designed for students to assume the identity of a doctor. The task is to diagnose and treat
patients who are facing various digestive problems. This interactive approach aims to introduce students about the
digestive system and related health issues in authentic real-life scenarios. The app comprises four activities — “Training
simulation”, “What happens?”, “Case Files” and “Create an alien”. Figure 1a shows the interface of the “what happens”
activity, and Figure 1b shows the teacher helping the group take a photo with the AR alien they created in the last
activity. All the AR learning activities are aligned with students’ science syllabus. A teacher’s dashboard, designed
alongside with the AR app, enables teachers to monitor students’ group work progress and performance. The dashboard

can also support students in monitoring and reflecting on their group’s progress.
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“Training simulation” gives an overview of the digestive system, where students have to position the different
digestive organs (mouth, gullet, stomach, small intestine, large intestine, anus) correctly, in order to activate a
simulation of how digestion occurs. For “What happens?”, students are given situations such as “What do you think will
happen to the digestive system if the small intestine is too short.” Students need to apply what they have learnt and give
reasons for their explanations. In “Case Files”, students need to diagnose digestive issues that the patients are
experiencing, based on the symptoms presented in the case files. They will observe a simulation of the digestive
problem, apply their knowledge, and select the appropriate remedy from the provided options for the specific digestive
issue. The final activity, “Create an Alien”, is meant to consolidate and provide a synthesis of the digestion concepts
taught. In this activity, students are given hypothetical scenarios in imaginary planets (e.g., climate with little rainfall)
where the aliens have access to only certain types of food (e.g., only vegetables). Based on these conditions, they are
tasked with designing a digestive system that is specifically adapted to the alien’s environment and available food

sources (e.g., sharp teeth, long gullet).

(a) students reviewing the simulation (b) students taking a photo with the alien they created
Fig.1 Students working on the “what happens” and “create an alien” activity in groups
3.3. Data Collection

To investigate students’ learning performance, pre-and post-tests were administered before and after the
intervention. There were three multiple-choice questions (6 marks) and two open-ended questions (6 marks) for the
pre-test, with a total score of 12 marks. For the post-test, the questions were different but of a similar difficulty level. To
explore students’ learning motivation, a motivation survey questionnaire was adapted and rewritten to fit the learning
content of this study, based on the measurement scale used by Hao and Lee (2021). The questionnaire consisted of 18
items in total. All the students from the 10 classes were invited to complete both the pre- and post-surveys, as well as
the pre- and post-tests. After cleaning the raw data, 287 valid responses were keyed into the SPSS.

The reliability of the questionnaire was tested and showed that the questionnaire and its four subscales of attention
(Cronbach’s a = .91), relevance (Cronbach’s a = .83), confidence (Cronbach’s a =.84), and satisfaction (Cronbach’s a
=.91) were reliable in terms of internal consistency. Then, the data were subjected to a confirmatory factor analysis
(CFA) to test the construct validity of responses to the questionnaire. The values of composite reliability (CR) for the
four subscales of the questionnaire were acceptable with values greater than 0.7 (Fornell & Larcker, 1981), and the
convergent validity (AVE) was acceptable with values greater than 0.5 (Peterson, 2000). A satisfactory model fit was
obtained (¥2 (126) = 256.6, p <.001, CFI = .968, RMSEA = .059, SRMR =.032) (Hair et al., 2010).

We also video recorded all the AR classes to analyse how teachers conducted the AR lessons. During the classroom
interventions, the research team set up 2 video cameras to collect classroom observation data. Focus-group students’
interviews were conducted after all the AR lessons.

3.4. Data Analysis
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The data was analysed in two phases. In the first phase statistical analysis was done to investigate the effect of the
AR-based learning approach. In the next phase, the case classes were chosen based on their learning performance, and
content analysis was conducted to investigate teachers’ instructional events. A one-way factorial ANCOVA analysis
was conducted to examine the academic differences between the AR and non-AR groups by taking the students’ pre-test
results as a covariate variable. To understand students’ perceptions towards motivational design upon using different
teaching approaches, MANCOVA was conducted to examine motivations from four aspects. The pre-survey results
served as the covariant to eliminate the differences in students’ motivation.

Content analysis was conducted to analyse the instructional events by systematically categorizing code and
identification of themes (Hsieh & Shannon, 2005). Content analysis was conducted in the order of (1) identifying all
class-level instructional events, (2) categorising the mechanisms reflected instructional motivation. The coding was
done with the Behavioural Observation Research Interactive Software (Boris).

Based on students’ learning performance, two case classes were selected to investigate how the teachers
implemented the AR lessons. The teacher’s class level instructions were first segmented by themes for further analysis.
Teachers’ discourse within small groups were excluded. The class-level instructions were segmented in terms of
different themes, for instance, the instructional events for introducing learning objective, providing feedback etc. The
unit of analysis of this study refers to every meaningful teacher-to-class instructional event. In the second phase of
video-based content analysis, the case classes’ instructional events were explored in detail to detect enactment
mechanisms for promoting learning motivation (Tabel 1). The second author helped code the video data in terms of the
coding scheme. To check coding reliability, the first author coded the data separately, and the interrater reliability was
over 0.92 (Cohen’s kappa). Additionally, students’ post-interview data were cited to triangulate the findings of content
analysis.

Table 1. Coding scheme for mechanisms to stimulate motivation

ARCS Dimensions Observed Strategies

Attention Al. Initiating the topic by asking questions

A2. Introducing AR functions

A3. Introducing AR activities
Relevance R1. Introducing learning objectives

R2. Explaining the linkage between AR tasks and worksheets
Confidence C1. Providing details on expectations of activities and role assignment
Satisfaction S1. Providing feedback about group work progress

S2. Providing feedback about students’ understanding

S3. Providing feedback about the group of students

4.Findings

4.1. The effects of the designed AR-based learning environment on students’ academic performance

As shown in Table 2, the ANCOVA result showed a nonsignificant result F (2, 280) = 2.53, p =.111, n2 =.009,
indicating that no differences on academic performance were found between the AR and non-AR approaches.
Nevertheless, when we paid attention to the pre-test and post-test performance of each AR class, we found the class’s
performance were diverse (see Table 3). In this study, we selected AR2 and AR4 classes as case classes as their
post-test scores were the highest and lowest respectively after the intervention.

Table 2. the one-way ANCOVA result of the academic performance of the two conditions

Group N Adjusted Mean Adjusted SD F P n2
AR Classes 154 735 24 2.53 112 .009
Non-AR Classes 133 6.79 26

Table 3. Students’ academic performance in each AR class
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Class N Pre-test Post-test t P
Mean SD Mean SD

School A_AR1 31 4.60 2.01 8.73 1.78 8.33 <.001
School A_AR2 34 6.79 3.30 9.79 1.67 5.40 <.001
School B AR3 37 3.27 2.06 6.10 291 5.85 <.001
School B AR4 20 2.30 1.45 3.40 2.67 2.05 .055
School C_ARS 21 4.85 2.48 8.29 2.10 5.93 <.001
School C_AR6 26 4.62 1.92 6.27 2.82 2.66 .014

4.2. The effects of the designed AR-based learning environment on students’ learning motivation

The group means on attention, relevance, confidence, and satisfaction are shown in Table 4. The Levene’s tests of
equality of error variances were not significant, indicating that the assumption of equal error variance of the dependent
variables across groups was met. The multivariate result for the effect of the AR approach showed statistical
significance, F(4, 278) = 2.94, p =.021, n2 =.041, indicating that students from the AR classes showed higher learning
motivation compared to those from the non-AR classes. Univariate tests showed an effect of the AR approach on
students’ attention perception, F(1, 281) = 5.38, p = .021, n2 = .019 (see Table 5). Students in the AR classes reported
to have higher attention perception than those in the non-AR classes (p< 0.05). However, the AR approach did not
impact on students’ perceptions of relevance, confidence, and satisfaction significantly.

Table 4. Descriptive findings of students’ learning motivation

Motivation AR (n=154) Non-AR (n =133)

Subscales Mean SD Mean SD

Attention 3.92 .94 3.67 .92

Relevance 3.96 .85 3.93 a7

Confidence 3.85 .94 3.73 .94

Satisfaction 4.13 .87 4.02 .82

Table 5. MANCOVA summary of students’ motivation

Motivation Subscales F(1,281) P Value Partial 72
Attention 5.38 .021 .019
Relevance .07 .79 .000
Confidence .56 46 .002
Satisfaction 73 .38 .003

In the post-interview, students from the AR groups all shared that they were particularly drawn to the realistic
simulations and interactive elements in the AR app. These features likely captured their attention more effectively than
traditional teaching methods due to their immersive and hands-on qualities, allowing students to explore and manipulate
the content independently rather than merely observing a teacher’s demonstration.

Table 6. Descriptive findings of students’ learning motivation about the two cases

Motivation School A_AR2 School B AR4
Subscales Pre Post Pre Post
Attention 4.04 (.68) 4.35 (.62) 3.75 (.67) 3.48 (1.10)
Relevance 4.46 (.45) 4.44 (.53) 3.78 (.62) 3.53(.87)
Confidence 3.93 (.80) 4.23 (.73) 3.73 (.67) 3.45 (1.03)
Satisfaction 4.51(.43) 4.65 (.47) 4.03(.65) 3.68(.83)

As shown in Table 6, we further examined the learning motivation data from the two case classes and observed
improvements across all four motivation subscales in the AR2 class. However, no significant improvements were
detected in the AR4 class, in which students' pre- and post-test scores had no significant improvement.

4.3. Observed implementation mechanisms in the case classes

82



GCCCE 2025

Based on the results of the content analysis, we compared the strategies employed by teachers while enacting AR
lessons (see Table 7). A notable difference was observed in the approach taken by the teacher of the AR2 class, who
engaged students in the digestive system topic at the beginning of all activities by asking questions (14min 42sec).
Aligning with inquiry-based learning, this strategy effectively sparked students' interest and prompted them to generate
their own set of questions related to the topic. In terms of attracting students’ attention, another key difference was that
the AR2 teacher spent time thoroughly explaining the features of the AR app including the user interface and the
function of buttons (8min 26sec), rather than only explaining the design of AR activities (6min). Regarding learning
objectives, the AR2 teacher did not repeatedly highlight them (Imins28sec), as the AR4 teacher did (6min 26sec), but
both teachers reminded students of the connection between AR app activities and the worksheet.

During the activities, the AR2 teacher occasionally encouraged students to collaborate with one another (18sec).
More importantly, the teacher used the dashboard to collect students’ responses to the open-ended questions and
provide content-related feedback accordingly (33min 44sec). For example, the AR2 teacher organized and projected all
groups' responses and commented on the completeness of their answers, thereby promoting a better understanding and
application of targeted concepts. However, because such summarization took time, she did not not provide this feedback
at the end of each lesson, but at the beginning of the following AR lesson, to address issues identified based on students’
inputs.

In contrast, this strategy was less observed in the AR4 class (6min 50sec). The AR4 teacher tended to provide
content-related summaries and feedback at the end of each activity. The AR4 teacher frequently used the dashboard to
monitor group progress during the activity (13min 15sec). He occasionally praised faster groups and reminded slower
groups to catch up, offering assistance when necessary. The AR2 teacher, however, did not intentionally praise specific
groups for their progress. Furthermore, during AR activities, the AR2 teacher chose not to project her teacher dashboard
onto the screen for students, contrary to our suggestion. She explained that her students were typically highly engaged
in learning activities, and projecting group progress might unnecessarily heighten their sense of competition.

Table 7. a comparison of used strategies for promoting students’ learning motivation in the two case classes

ARCS Observed Strategies of Enactment School A_AR2 School B AR4
dimensions f Length f Length
(mm:ss) (mm:ss)

Attention Al. Initiating the topic by asking questions 1 14:42 0 0
A2. Introducing AR functions 4 8:26 5 5:16
A3. Introducing AR activities 4 6:00 8 13:51

Relevance R1. Introducing learning objectives 2 1:28 3 6:26
R2. Explaining the link between AR tasks and 6 4:19 2 3:32
worksheets

Confidence  Cl. Providing details on expectations of activities and 2 0:18 0 0
role assignment

Satisfaction  S1. Providing feedback about group work progress 3 2:39 19 13:15
S2. Providing feedback about students’ understanding 7 33:34 2 6:50
S3. Providing feedback about the group of students 0 0 2 1:36

The interview data from the two classes also highlighted obvious differences in their experiences during the AR
lessons. These differences were mainly reflected in two aspects: (1) familiarity with the AR app and (2) students'
reflection on their group collaboration. However, students from both classes were highly consistent in their responses
regarding whether the AR activities were engaging compared to teacher-led lessons. They all agreed that the
visualization and hands-on approach were more interesting.

AR4 students mentioned that they sometimes struggled with operating the app and expressed dissatisfaction with

their group's performance during the activities. Students from AR4 Group 7 shared that they faced challenges during the
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first AR lesson. Although the teacher showed them how to use the AR app, they still did not fully understand it until the
second AR lesson, when the teacher used the PowerPoint slides to guide them and explain the functions. AR4 Group 2
students noted that while the teacher’s explanation helped them understand how to carry out the AR activities, their
bigger challenge was not knowing how to collaborate. This hindered the smooth progress of their activities, making the
experience less enjoyable. AR4 G2S3 said “The first activity was quite fun until everyone started to get angry and
didn’t get along with each other.” AR4 G2S1 added “in our training simulation (the first activity), everyone started
going out of control. We have no teamwork.” AR4 G2S3 further explained “Everyone got different answers. We don’t
know who has the correct answer, the problem is still a problem and then we don’t know what to do, how are we
supposed to know.” Regarding the usefulness of the dashboard, AR4 Group 2 mentioned that, initially, we paid
attention to it and noticed their team was working somewhat slowly. After a few AR lessons, they noticed other groups
had improved, but their own team had not. This left them feeling frustrated.

On the contrary, when asked their feedback on group work. AR2 G3S1 said “quite good, we build team bonding. It
was quite difficult to handle the iPad and the pieces of paper together so in a group it would be easier”. When asked
how they resolved differences in opinions, they added that ... just try out both ways and see which one is more correct.”

AR2 Group 4 students also agreed that working in a group helped them learn better.
5. Discussion

There was no significant difference in academic performance between AR and non-AR classes across the 10
classes analyzed. However, from the perspective of learning motivation, AR classes showed significant improvement in
the attention dimension. n some AR classes, both students' learning motivation and academic performance showed
significant improvement, attributed to the effective use of AR. Our data suggest that these outcomes are closely related
to how teachers implemented AR activities. Based on the results from the comparative cases, we identified three
implementation mechanisms: (1) Thoroughly introducing AR functions at the start of lessons; (2) Tailoring feedback on
regulation based on students’ readiness to pedagogical approaches; (3) Using AR activities to promote a new cycle of
inquiry.

First, when introducing AR apps into the class, especially for the first time, it is essential to allocate sufficient time
to explain its features comprehensively. While AR with 3D simulations can naturally capture students’ attention and
boost their motivation, the novelty effect may diminish as students encounter challenges in continuing the activities. As
AR environments are relatively unfamiliar to most students, teachers need to focus initially on explaining AR’s
functions rather than diving directly into the activities.

Second, feedback during AR activities should consider students’ readiness for the pedagogical approach. In our
study, classes with less observable improvement included students lacking collaborative learning skills. Socially shared
regulation of learning is critical for students’ collaborative learning engagement (Jérvela et al., 2020), and affects their
cognitive, motivational, and emotional states (Edwards et al., 2024). Projecting dashboards to students may help them to
monitor and reflect on their group work progress. Nevertheless, teachers should clearly articulate their expectations and
take into account the specific characteristics of the pedagogical approach if it is unfamiliar to their students.
Additionally, they need to spend additional time coordinating group progress. Teachers’ feedback should be provided
beyond reminding students’ keep monitoring their group progress, but how to negotiate with one another and make
consensus.

Last, in AR classes, teachers need to focus on identifying students’ knowledge gaps through their performance in
the activities and promoting deeper understanding via further inquiry, so as to improve student’ satisfaction with
learning effectively. This finding aligns with the motivational AR-based learning approach proposed in Li et al.’s study
(2023), which highlights the importance of discussion between teachers and students in fostering students a sense of
accomplishment and satisfaction. Overemphasizing feedback on students’ work progress while neglecting

content-related feedback may leave students feel struggled or unsupported. Studies (Carless & Winstone, 2023) have
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emphasized the importance of avoiding delays in providing post-task feedback. However, this does not mean that such
feedback must always be provided within the same lesson. Feedback can also be provided in subsequent lessons, as ICT
tools often record students’ inputs, enabling teachers to prepare more tailored feedback based on students’ performance.
Therefore, when integrating AR apps into classroom teaching, it is crucial to allocate sufficient time for completing

activities and deepening discussion to ensure their effectiveness.
6. Conclusion

This study confirmed the positive impact of the AR-based learning approach, guided by the ARCS design, on
students’ academic performance and learning motivation in primary science classes. It highlighted the pivotal role of
teachers in the implementation process and identified three key mechanisms to enhance student motivation. However,
the study also has limitations. The most significant limitation lies in the need to account for differences in class contexts.
The mechanisms we identified are based on two comparative cases. However, the students of these classes differed
notably in their academic performance levels and familiarity with collaborative learning before the intervention. The
intent of this comparison is not to evaluate teachers’ enactment but uncover potentially effective approaches and shed
light on challenges that can be addressed. Future research could take class contexts into account to further validate and

refine these mechanisms.
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