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validation results indicated that the AR flashcard learning
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expert validation obtained a score of 89.3%, while material

expert validation yielded a score of 90%, both categorized as
“highly feasible.” Furthermore, the evaluation based on
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“highly feasible.” These findings suggest that the AR-based

flashcard learning medium received highly positive responses

and proved effective in enhancing students’ interest and
motivation in learning plant morphology.
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INTRODUCTION

Biology education constitutes a fundamental aspect of learning, particularly in fostering
students’ understanding of biodiversity in both plants and animals. Numerous topics within
biology are highly relevant and engaging for students. Among these, the study of leaf types is a

crucial component, as leaves play a vital role in photosynthesis and in maintaining plant ecosystem
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functions. Furthermore, leaf-type identification is one of the core topics in plant morphology
courses. Mastery of this material equips students with foundational knowledge essential for
understanding more complex biological concepts (Eriawati, 2023).

Traditional teaching methods, however, face considerable challenges. Conventional
instructional approaches often fail to capture students’ attention, particularly when dealing with
visually rich or abstract topics such as leaf types. Students tend to experience boredom and a lack
of interest when learning is limited to textbooks or whiteboard explanations (Karanez, Rapti &
Halimi, 2015). In response to this issue, the integration of technology in education has emerged as
a promising solution. The rapid advancement of digital media provides opportunities to enhance
teaching and learning processes (Zuoet et al, 2025). One innovative approach is the use of
Augmented Reality (AR), which combines the real world with virtual three-dimensional objects to
create an interactive learning environment (Munawarah, 2025).

In biology education, the topic of leaf types falls within the study of plant morphology,
which requires direct observation of real objects. The morphological characteristics of leaves, such
as shape, margin, venation, and arrangement, are highly visual and detailed, making them difficult
to fully understand through two-dimensional images in textbooks or other conventional media
(Masing & Sila, 2023). This limitation often leads to low student engagement and weak
conceptual understanding of leaf structures. The implementation of AR allows students to visualize
three-dimensional leaf models directly through mobile devices, thereby enriching their learning
experiences and facilitating deeper comprehension of complex biological concepts (Helen et al.,
2023).

Flashcards are visual learning media consisting of illustrated cards with brief textual
descriptions, designed to facilitate quick recognition of concepts or terms. In the context of biology
education, flashcards are considered effective because they provide direct visual representations of
leaf forms and types, reinforce visual memory, and build associations between images and scientific
terminology (Lismaya et al., 2024). This medium also promotes independent learning and allows
for material repetition simply and engagingly. The integration of Augmented Reality (AR) with
flashcards transforms them into more engaging and interactive learning tools, thereby increasing
students’ active participation in the learning process. A study conducted by Mardiani et al. (2024)
demonstrated that AR-based flashcards significantly enhance students’ memory retention and
cognitive abilities compared to conventional flashcards. Similarly, research by Azzahra et al. (2024)
found that the implementation of AR in biology education provides several advantages, including
improved conceptual understanding, information retention, learning motivation, and student
engagement. The combination of visual context and interactive media was identified as a key factor
supporting these outcomes.

Therefore, the application of AR in biology learning can enhance students’ understanding by
providing real-world contexts that bridge theoretical knowledge with practical comprehension.
Increased student engagement is widely recognized as a critical determinant of learning success, and
interactive media such as AR-based flashcards can foster engagement in enjoyable and stimulating
ways, ultimately contributing to improved learning outcomes.

The design of AR-based learning media must be carefully tailored to students’ needs and the
characteristics of the content being taught. Effective development requires thoughtful consideration
of both content quality and technological features, including the integration of appropriate visual
and interactive elements. Beyond improving students’ understanding, AR has the potential to
reshape how learners interact with educational materials. By offering a deeper and more immersive
learning experience, AR can stimulate students’ interest in biology, particularly in plant-related
topics.
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Although several previous studies have explored the use of flashcard media and Augmented
Reality (AR)) applications in science education, most of these studies have focused on general
topics such as cells, animal classification, or other basic biological concepts, and have not
emphasized specific morphological analyses such as leaf-type identification. The novelty of this
study lies in the development of an AR-based flashcard that features high-resolution 3D models of
leaf’ morphology, validated by both media and material experts. Previous research conducted by
Utami, Rukiyah, and Andika (2021) only developed AR-based flashcards for the topic of starfish,
while Tamboo et al. (2024) developed AR-based flashcards for the topic of cells. Earlier studies
generaﬂy utilized simple two-dimensional images or basic visual models, with very few
incorporating three-dimensional representations, and none presenting detailed morphological
features such as leaf margins, venation, and arrangement.

This research aims to develop an effective AR-based flashcard learning medium for the
topic of leaf types. It is anticipated that the use of this medium will enhance students’
comprehension and retention of leaf-related information, thereby contributing to improved

learning outcomes in biology as a whole (Hidayat & Kena, 2024).

RESEARCH METHODS
Research Design
This research uses the Research and Development (R&D) method with the ADDIE research

model. According to Sugiyono (2009), the stages of ADDIE include Analysis, Design,

Development, Implementation, and Evaluation.

i
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Figure I. Research Design for the Development of Augmented Reality-Based Flashcard Learning
Media for Teaching Leaf Types.

As shown in Figure I, the implementation process follows the ADDIE model stages
systematically. The development process of the Augmented Reality (AR)-based flashcard learning
media on the topic of leaf types was carried out through five main stages, namely analysis, design,
development, implementation, and evaluation. The analysis stage aimed to identify the need for
developing AR-based flashcard learning media to help students easily recognize and understand
various examples of leaf types. In the design stage, the structure and presentation of the AR-based
flashcards were planned, emphasizing the accuracy and clarity of images and accompanying
materials. The design process involved the use of Canva for visual creation and Assemblr Edu for
AR integration (Marseli et al, 2023). During the development stage, the AR flashcard media were
created based on the established design and then validated by media experts and subject matter
experts using validation instruments prepared by the researchers. If the validation results did not
meet the criteria of "feasible" or "highly feasible," revisions were made according to the experts’
feedback and suggestions. Once the AR flashcards were deemed feasible, the media were tested on
students from the Biology Education Study Program at the South Tapanuli Institute of Education
to assess their effectiveness in supporting the learning process. The implementation stage focused
on evaluating how well the AR-based flashcards enhanced students’ understanding and engagement
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during learning activities. Finally, the evaluation stage involved analyzing the trial results and
refining the product based on the findings. Formative evaluation was also conducted at each stage
to ensure that the developed learning media met the required feasibility criteria and could be
effectively utilized in classroom learning.

Population and Samples

The population of this study consists of students of the Biology Education Study Program at
the South Tapanuli Institute of Education, while the research sample comprises 25 fifth-semester
students of the same program. The use of sampling techniques is non-probability sampling through
a technique called purposive sampling, or a technique used in taking samples by considering several
things. Fifth-semester students of the Biology Education Study Program have studied topics related
to plant morphology, including various types of leaves. Therefore, they possess the foundational
knowledge necessary to assess the feasibility and effectiveness of the developed AR Flashcard
learning media.

Instruments

The instruments used in this research consisted of observation, questionnaires,
documentation, and validation sheets. Observation was conducted systematically through both
direct and indirect observation and recording. The researcher observed learning activities in the
classroom to analyze the types of learning media used by lecturers to support instructional
activities. The questionnaire was distributed to educators to obtain their responses and assess the
feasibility of using AR-based flashcard learning media on the topic of leaf types. Documentation
was collected in the form of photographs, videos, and experimental data records to support the
analysis process. Meanwhile, validation sheets were provided to material experts and media experts
containing statements related to the feasibility of the developed learning media. These statements
assessed various aspects, including the physical form of the media, language use, learning
components, and material quality.

Procedures

The AR flashcard learning media was developed using the ADDIE development model. The
ADDIE model comprises five stages: Analysis, Design, Development, Implementation, and
Evaluation. At the analysis stage, a needs assessment was conducted, and the instructional content
to be developed for the AR flashcard learning media was determined. Identifying the content is the
initial step in the development process. The content developed in this AR flashcard is the various
forms of leaves. The design stage involves the planning and preparation of the initial draft of the
AR flashcard product. The development stage is the phase in which the feasibility of the product is
evaluated by subject-matter experts and media experts. The purpose of validation is to obtain
feedback and evaluations on the product to inform necessary revisions. The implementation stage
consists of applying the prepared AR flashcard product in real classroom settings so that the
intended learning objectives can be achieved. The evaluation stage is the final phase of the ADDIE
model, aimed at assessing the quality of both the product and the learning process.

Data Analysis

Data has the most important position in research, because data is a description of the
variables being studied, and serves as a means of proving hypotheses. Therefore, whether the data is
true or not, it is very important to determine the quality of the research results. And whether it is
true or not, it also depends on whether the data collection instrument is good or not. The data
analysis techniques used in this study are validated with validation data from material experts,
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media experts, and student responses. The data from the validation by the validator and the data
from the teacher's response are then analyzed. In this study, a Likert scale is used, which is
compiled in the form of a statement. The measured statement indicators were given a score of I-5,
namely: (S5) very feasible, (4) feasible, (3) quite feasible, (2) not feasible, and (1) very unfeasible.
The percentage of validation results of the expert team and teacher responses can be calculated

using the formula: Pratiwi, et al. (2021).

Ve
PR ‘
P==x100%
X
Information:

Q: Percentage searched
> x : Total score given by validators
» X : Total score

To determine the feasibility of the learning media developed by the researcher using the validation

assessment criteria by experts, it can be seen in the following Table I.

Table I. Media Eligibility Criteria

Yes Present (%) Criterion

I 8I-100% Highly Worth It
2 61-80% Proper

3 41-60% Quite Decent

4 21-40% Not Eligible

5 0-20% Very Unworthy
RESULTS

Analysis

At this stage, the primary activity was conducting a needs analysis. The results of the
preliminary research carried out in the Biology Education Study Program served as the basis for
developing the AR flashcard learning media. The analysis of student characteristics aimed to
identify their skill levels. This information was obtained from a one-month pre-survey conducted
by the researchers in the Biology Education Study Program. Based on the survey results, the
students exhibited the following characteristics: (a) low understanding of the subject matter, and
(b) boredom when learning materials were delivered using lecture methods and textbooks. From
the needs analysis, the researchers decided to develop Augmented Reality (AR ) flashcard learning
media intended to foster enthusiasm and reduce student boredom during the learning process. AR
flashcards combine pictorial cards with concise descriptions, making the learning material easier
and faster for students to absorb compared to the sole use of textbooks (Dian et al. 2023).

Design

After identifying the students’ needs and learning challenges, the next stage was the design of
the AR-based flashcard learning media. The design process involved several key steps to ensure the
functionality and visual appeal of the product. First, the size of the ethnopedagogy-based AR
herbarium flashcards was determined, typically using A6 dimensions (10 X IS cm). The
development process utilized the Assemblr platform, which could be accessed through
studio.assemblrworld.com or the mobile application. A new project was created by selecting “+
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Create Project” and choosing “Blank Project.” Three-dimensional (3D) objects were then added by
clicking “Insert” — “3D Object,” selecting from available 3D models, or uploading custom
models in (.glb) or (.fbx) formats. The size, position, and rotation of these objects were adjusted to
fit the AR canvas appropriately. Text elements were included by selecting “Insert” — “Text,”
where captions describing the 3D objects were typed and customized in terms of font, color, and
placement. Interactive features could also be configured, such as the “On Tap” option for
displaying text upon user interaction or the “Always Show” option for continuous visibility. The
AR content was then previewed using the “Preview” feature to ensure accuracy and alignment
between visuals and text. Once finalized, the project was saved and published by selecting “Publish
Project,” after which the Assemblr platform automatically generated a shareable link and QR code.
The QR code was subsequently downloaded and incorporated into flashcard designs created using
Canva, where the layout was arranged to include the QR code, an appropriate label such as “Scan
to View AR,” and an optional AR icon. Finally, the completed flashcards were exported in PDF
format for printing or in PNG/JPG formats for digital distribution. The flashcards are then ready
for use: students can simply scan the QR code to open the AR link (Umar, et al ,2025).

Table 2. Product Revisions Based on Comments and Suggestions from Media Experts

Before Revision After Revision
w ﬂe ——
E=——u1} Pt K =]
AP manxs PCon < moegl Seetiadmd son vy o .
(R L b 30w senamsed
- .

The images were unclear and the | The images are now clear, and the colors
colors were not vivid are more vivid

Still in 2D format

Classification  was not  propetly Classification is now organized vertically

arranged

PRI FEE L ORI e L FRCSAAESE PR SR

> -

QR Code was in a basic format QR Code is now integrated in AR format

Development
At the development stage, media validation was conducted to determine the feasibility of the
AR flashcard learning media from a media-design perspective. Media experts evaluated aspects such

as language, usability of the AR flashcards, and their physical features (Mardin, H 2025). The
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validation process of the instructional media product was conducted by Mrs. Hanifah Nur
Nasution, M.Kom., a lecturer in the Informatics Vocational Study Program at the South Tapanuli
Institute of Education, who served as the media expert validator. Based on the validation data from
the media expert, the AR-based flashcard learning media obtained an average score of 89.3%,
which falls under the “Highly Feasible” category. Similar results were reported by Nurbayan,
Rinjani, and Juhana (2024), whose study found that the material expert validation achieved a
perfect score of 100 (classified as “Very Valid”), while the media expert validation reached a score
of 97.5 (also classified as “Very Valid”), indicating that AR-based flashcard media demonstrate

excellent validity and feasibility for educational use.

Validation Scores of AR Flashcard Learning Media

Markut Sunstivity aod Media Harnefits

rxt Cohesion mnd Balancs Detween Objects B e
Procucnlity ano Attractive Appearance
Flashcord Content Typography
semplcity

.....

AR Flashcard Design

O S S SR SRR

o 20 a0 o0 Do q00
Score (%)

Figure 2. Score Graph of Media Expert Validation Results on the AR Flashcard Learning Media

From Figure 2 above, it can be seen that the validation results by media experts show that the
AR Flashcard learning media obtained an average score of 89.3%, which falls under the Highly
Feasible category. The material validation analysis was conducted to ensure that the AR Flashcard
learning media is appropriate for use in terms of content quality. The material expert assessed the
language accuracy, relevance of the material to students’ learning needs, and alignment of the
content with the intended learning objectives. The validation of this instructional material was
carried out by Mrs. Sri Rahmi Tanjung, S.Pd., M.Si., a lecturer in the Biology Education Study

Program at the South Tapanuli Institute of Education, who served as the material expert validator.

Feasibility Assessment of Learning Material
Relevance of material to learning objectives 90.0%

Relevance to needs and material accuracy 93.3%

Encouragement of curiosity 90.0%
Presentation technique 9

Learning presentation 20,03

Completeness of presentation 93 3%
Clarity of usage Instructions and sultability for students 90.6%
Compliance with language conventions and use of terms/symbols/icons 93.3%
4] 20 40 60 80 100
Score (%)

Figure 3. Score Graph of Material Expert Validation Results on the AR Flashcard Learning Media
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From Figure 3 above, it can be seen that based on the results of validation by material
experts, the AR Flashcard learning media obtained an average score of above 90%, categorized as
Highly Feasible across all aspects of material and presentation assessment. These results indicate
that the developed media is not only visually engaging but also possesses high-quality content that
is well-suited to support the learning process.

Implementation

The trial of use in larger classes was carried out after a limited-scale field test was carried out.
In this study, a trial of use was carried out on 25 students. This field trial was carried out to see
whether or not the AR Flashcard learning media is feasible. The result of student response in the
trial use was 88.6% so that the AR Flashcard learning media was categorized as very feasible to use.
Based on the results of the use trials, it can also be concluded that Flashcard AR is very feasible to
be developed as a learning medium. These results indicate that Flashcard AR media not only meet
the feasibility standards in terms of design, content, and ease of use, but also succeed in attracting
students' interest in learning and helping them understand contextual learning materials. Arsyad
(2017) explained that good learning media must meet the principles of suitability with learning
objectives, visual appeal, readability, and ease of use to increase students' motivation and learning
outcomes.

Evaluation

Evaluation is the last stage of the ADDIE development model, because in this study only
until the assessment of the teacher's response to the flashcard media developed, the evaluation
referred to here is the evaluation of the implementation activities. So the results of the assessment
obtained by the researcher on flashcard media are very feasible to use, according to the results of
the implementation, with a percentage of 100%.

DISCUSSION
Analysis

Based on the preliminary analysis conducted in the Biology Study Program, it was found that
students demonstrated a low level of understanding of the subject matter and expressed boredom
when lessons were delivered using conventional lecture methods and textbooks. This condition is
consistent with previous findings in the educational literature, which indicate that passive teaching
approaches such as lectures tend to result in lower levels of student motivation and engagement
(Cartono, 2022). In response to these characteristics, the development of Augmented Reality
(AR )-based flashcard learning media represents an appropriate and innovative strategy. Interactive
visual media such as AR make abstract concepts more concrete and engaging, thereby facilitating
students’ cognitive processing of learning content. Research on AR flashcards has demonstrated
their high validity and effectiveness in improving students’ conceptual understanding (Izzati &
Kamaludin, 2024).

The AR flashcards developed in this study integrate images with simple textual descriptions
that can be activated through Augmented Reality (AR) technology. This approach supports a
multisensory learning strategy (visual and kinesthetic), which, according to multimedia learning and
cognitive theories, enhances information processing, reduces cognitive load, and strengthens
knowledge retention. Therefore, AR flashcards are not only expected to reduce students’ boredom
but also to improve their learning effectiveness in understanding topics such as leaf morphology.
Similarly, the findings of Oktavia, A., Aeni, A. N., & Ismail, A. (2025) demonstrated a significant
improvement in students’ understanding when using AR flashcards (Sig. 0.004 < 0.0S) with an
effect size of 2.08 (large category). The N-Gain analysis also indicated a higher increase in
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comprehension in the experimental group (0.57) compared to the control group (0.36). Overall,
the needs analysis strongly supports the potential of AR-based flashcards to increase students’
motivation, attention, and comprehension of biological material. This medium aligns with
established principles of effective instructional design, including simplicity, relevance of content,
and interactivity, which are essential for promoting meaningful learning experiences in higher
education contexts.

Development

The validation results of the Augmented Reality (AR)-based flashcard learning media, as
shown in Figure I, indicate that the developed product meets high standards of feasibility across
multiple criteria. The highest score was obtained for Practicality and Attractive Appearance
(96.0%), suggesting that the AR flashcards are perceived as visually engaging and user-friendly,
which is critical for sustaining students’ attention during learning. This aligns with previous studies
emphasizing that visually appealing and practical educational media increase student motivation
and engagement (Izzati & Kamaludin, 2024).

Marker Sensitivity and Media Benefits also achieved a high score (93.3%), demonstrating

that the AR flashcards function effectively when scanned, and that the media provide tangible
benefits to the learning process. This is consistent with research indicating that smooth and reliable
AR functionality enhances the learning experience by reducing technical barriers (Mardiani et al,,
2024).
Text Cohesion and Balance Between Objects (90.0%) and Flashcard Content Typography
(90.0%) reflect the clarity and readability of the flashcard content. According to cognitive load
theory, well-structured and balanced visual-text elements help learners process information more
efficiently and reduce extraneous cognitive load (Mayer, 2021).

The scores for AR Flashcard Design (86.6%) and Simplicity (80.0%) indicate that while
the design and overall simplicity of the flashcards are considered feasible, these aspects may require
turther refinement. Ensuring a balance between interactive features and simplicity is crucial to avoid
overwhelming learners, particularly when introducing new technologies such as AR in education.

Opverall, the validation results confirm that the AR-based flashcards developed in this study
are highly feasible for implementation in the classroom. The high scores across all validation
criteria support their potential to improve students’ motivation, engagement, and understanding of
complex biological concepts, particularly those requiring visual representation such as leaf
morphology.

The feasibility assessment of the developed learning material (Figure 2) demonstrates a high
level of suitability across all evaluated criteria. The highest score was achieved in Clarity of usage
instructions and suitability for students (96.6%), indicating that the material is not only user-
friendly but also highly accessible to the intended learners. Clear instructions and appropriate
content delivery are essential for ensuring that students can independently engage with and benefit
from the material, as emphasized by Mayer (2021) in his multimedia learning principles.

The criteria of Relevance to needs and material accuracy, Completeness of presentation, and
Compliance with language conventions and use of terms/ symbols /icons each received a high score
of 93.3%. These findings suggest that the learning material effectively addresses student needs,
maintains high content accuracy, and adheres to linguistic and symbolic conventions, which is
critical for fostering accurate understanding and minimizing misinterpretations (Clark & Mayer,
2016). Meanwhile, the Relevance of material to learning objectives, Encouragement of curiosity,
Presentation technique, and Learning presentation scored 90.0%. While these values remain within
the “very feasible” category, they indicate potential areas for further refinement, especially in
improving the motivational aspects of the material and diversifying presentation techniques to
turther stimulate curiosity and deeper learning (Dicheva et al., 2015).
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Opverall, the high scores across all dimensions confirm that the learning material has met
essential quality standards and is feasible for implementation in the learning process. These
findings are consistent with previous studies showing that well-designed, contextually relevant, and
clearly presented instructional materials contribute significantly to students’ engagement and

comprehension (Izzati & Kamaludin, 2024; Mardiani et al., 2024).

Implementation

The large-scale implementation trial was conducted following the completion of limited field
testing. In this study, the trial involved 25 undergraduate students to assess the feasibility of the
Augmented Reality (AR)-based Flashcard learning media. The results of the user trial showed a
high student response rate of 88.6%, categorizing the AR Flashcard as “highly feasible” for
classroom use. This finding indicates that the AR Flashcard not only meets essential standards in
terms of design, content, and usability but also effectively attracts students’ interest and supports
contextual understanding of the learning material. Similarly, Adityas et al. (2024) revealed that
AR-based flashcards are an effective learning tool for improving students’ learning abilities and
serve as a promising alternative for early literacy education.

The high feasibility score achieved in this study reflects the importance of integrating
interactive and visually engaging learning tools to enhance students’ motivation and
comprehension. According to Arsyad (2017), effective instructional media should align with
learning objectives, exhibit visual appeal, maintain readability, and ensure ease of use to improve
both motivation and learning outcomes. These principles are clearly reflected in the AR Flashcard,
which combines augmented reality features with visual aids to deliver complex content in a more
accessible manner.

Furthermore, the positive responses obtained from students support previous studies
indicating that the use of augmented reality-based flashcards can significantly improve learning
engagement and concept mastery (Izzati et al., 2024; Mardiani et al., 2024). This suggests that the
AR Flashcard has the potential to serve not only as a complementary learning tool but also as an
innovative medium to contextualize learning materials, thereby making the learning process more
meaningful.

Opverall, the findings of this study demonstrate that the AR Flashcard is a highly feasible
learning medium for larger-scale implementation. Its ability to combine interactivity, contextual
relevance, and visual appeal positions it as an effective tool for modern teaching practices, especially
in higher education settings.

CONCLUSION

The design of the AR Flashcard learning media successfully captured students’ attention and
fostered their interest in learning about leaf types. The feasibility of the AR Flashcard media was
evaluated based on assessments from multiple validators. The validation conducted by media
experts yielded a score of 89.3%, classified as “highly feasible,” while the validation by subject-
matter experts resulted in a score of 90%, also categorized as “highly feasible.” In addition, the
feasibility assessment based on educators’ responses to the developed AR Flashcard media achieved
a score of 100%, indicating a “highly feasible” classification. These findings demonstrate that the
AR Flashcard learning media received highly positive responses, confirming its ability to engage
students and enhance their motivation to learn.
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