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ABSTRACT

Guided by the PISA framework, logical-mathematical intelligence is
recognized as a key competence in situational problem solving. In plant
anatomy practicum, applying logical-mathematical reasoning to analyze
observational data is essential for drawing accurate conclusions about cells
and tissues. However, preliminary observations in SMAN 1 and SMAN 2
Indramayu indicated that students’ logical-mathematical intelligence was
still relatively low. To address this, a Smart AI Microscope was developed to
provide automated object recognition, measurement, and calibration
features that support more accurate observations. This study aimed to
develop a Smart AI Microscope for plant anatomy learning to enhance
students’ logical-mathematical intelligence. The research employed the
ADDIE development model, consisting of analysis, design, development,
implementation, and evaluation stages. The study was conducted over one
year, focusing on the design and application of the Smart AI microscope in
plant anatomy practicums. The results showed that the system achieved a
“very valid” category based on expert validation by three instructional media
specialists. Furthermore, the implementation of the Smart AI microscope in
practicum activities was found to be sufficiently effective in improving
students’ logical-mathematical intelligence. It can be concluded that the
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implications for improving analytical skills and supporting technology-
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INTRODUCTION

Logical-mathematical intelligence is one of the multiple intelligences that enables
individuals to use logic, numbers, and mathematical patterns effectively in solving problems. This
competence becomes increasingly important in contemporary education, especially in science
learning that emphasizes analytical reasoning and data interpretation. The Programme for
International Student Assessment highlights logical and mathematical reasoning as key
competencies integrated into situational problem-solving in the twenty-first-century learning
context (Wu et al., 2022). In biology education, particularly in plant anatomy practicum, students

are required to observe microscopic structures, measure cell dimensions, and interpret quantitative
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data accurately. These activities demand logical-mathematical intelligence to ensure that

observations, measurements, and conclusions are scientifically valid (Sugianto et al., 2020).

However, many studies report that students’ analytical and quantitative reasoning skills in
science learning remain limited. This difficulty is frequently observed in laboratory-based biology
learning (Hsu et al., 2025; Prate & Hsu, 2025; Cleveland et al., 2021; Battistelli & Franklin, 2022).
Without high-level logical reasoning, students are unable to transform visual microscopic data into
valid scientific evidence. The use of conventional laboratory tools often creates difficulties in
calibration, measurement, and the interpretation of microscopic observations, thereby constraining
the development of students’ analytical and reasoning abilities (Liu et al., 2019). Recent
developments in educational technology show that artificial intelligence (AI) and digital imaging
systems can support more accurate observation, automated measurement, and real-time feedback,
thereby improving analytical skills and learning outcomes (Chen et al., 2020; Zawacki-Richter et al.,
2019). Manual measurement in conventional microscopy is prone to human error, time-consuming,
and often inconsistent among students. As a result, students tend to focus on mechanical procedures
rather than analytical reasoning, which limits the development of logical—-mathematical intelligence.
Al-integrated learning tools are increasingly recognized as effective solutions for enhancing students’
higher-order thinking skills and supporting data-driven learning environments.

Despite the growing integration of AI in education, the application of Al-based digital
microscopes in plant anatomy practicum remains limited. Most existing studies focus on general AI-
supported learning environments or virtual laboratories, while only a limited number address the
development of smart microscopy tools specifically designed to enhance logical-mathematical
intelligence in biology practicum (Makransky & Petersen, 2019; Radianti et al., 2020; Zawacki-
Richter et al., 2019). Preliminary observations in two senior high schools indicate that students
experience difficulties in calibrating microscopes, measuring microscopic objects, and interpreting
observational data. These challenges suggest a gap between technological advancement and its
application in practical biology learning contexts.

To address this issue, the present study develops a Smart AT Microscope that supports plant
anatomy learning through automated object recognition, measurement, and calibration. The
uniqueness of the developed system lies in integrating automated calibration, quantitative
measurement, and Al-assisted image interpretation, which directly engage students in logical tasks
such as comparing numerical data, validating measurements, and interpreting structural patterns.
The study aims to develop and implement the Smart AT Microscope to enhance students’ logical—
mathematical intelligence during the plant anatomy practicum. The findings of this study are
expected to contribute to the integration of artificial intelligence in biology education and provide an
innovative solution for improving students’ analytical and quantitative reasoning skills in laboratory-
based learning environments.

In the plant anatomy practicum, logical-mathematical intelligence plays a crucial role in
transforming visual microscopic observations into scientific evidence. Students are required not only
to observe structures but also to quantify, compare, classify, and interpret numerical data derived
from measurements. Without high-level logical reasoning, microscopic observations remain

descriptive and fail to support scientific argumentation. Therefore, learning tools that facilitate
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quantitative analysis are essential to bridge the gap between visual observation and evidence-based

reasoning.
Therefore, this study addresses the following research questions: (1) Is the Smart Al
Microscope valid for use in plant anatomy learning? and (2) Is the Smart AI Microscope effective in

enhancing students’ logical-mathematical intelligence?

METHOD

This study employs a research and development design using the ADDIE model, comprising
analysis, design, development, implementation, and evaluation stages. The analysis stage identifies
students’ needs and problems related to logical-mathematical intelligence in plant anatomy
practicum through classroom observations and interviews with biology teachers. The design stage
formulates system specifications, learning scenarios, interface structure, and Al-based features,
including automated object recognition, digital measurement, and -calibration tools. The
development stage produces a Smart AI Microscope prototype as a web-based application integrated
with a digital microscope camera. The Al module was integrated into the web-based system via an
image recognition API. The model was trained on microscopic plant tissue images to generate
descriptive identification and structural analysis. The system is developed using a high-resolution
digital microscope (minimum 5MP camera sensor), a personal computer with at least an Intel i5
processor and 8GB RAM, and a web-based AI module for image processing and object detection. The
implementation stage applies the developed system in plant anatomy practicum activities. The
evaluation stage assesses validity and effectiveness through expert judgment and field testing.

The study population comprises senior high school students from SMAN 1 and SMAN 2 in
Indramayu. These schools were selected because they represent public senior high schools with active
biology laboratory activities and similar academic characteristics, making them suitable for testing
the implementation of the developed system. The sample is selected using purposive sampling based
on the availability of laboratory facilities and biology practicum schedules. One class from each
school participates in the implementation phase. The implementation involved 64 students,
comprising 32 from SMAN 1 Indramayu and 32 from SMAN 2 Indramayu. Three instructional media
experts are involved in validating the developed product.

Data collection techniques include observation, documentation, validation sheets, and
logical-mathematical intelligence tests. The instrument used to measure logical-mathematical
intelligence was developed based on indicators of logical reasoning, numerical analysis,
measurement accuracy, and data interpretation. The test's reliability was established through an
internal consistency analysis using Cronbach’s alpha, which indicated that the instrument was
reliable for measuring students’ logical-mathematical intelligence. Content validity is determined

using the Content Validity Ratio (CVR) formula:

Ne—ﬂ

5 2 )

2

CVR=

Where CVR is the Content Validity Ratio, Ne is the number of validators who agree on the validity of

the instrument item, and N is the total number of validators.
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The effectiveness of the Smart AT Microscope is analyzed using the normalized gain (N-gain)

formula:
Spost — Spre

N-Gain (%)= m X 100% (2)

Where g is the normalized gain score, Posttest is the students’ score after implementation, Pretest is
the score before implementation, and Maximum score is the highest possible score.

Descriptive statistics are used to interpret validity and effectiveness criteria. The product is
categorized as valid if the CVR exceeds the minimum critical value, and as effective if the N-gain falls

within the moderate-to-high improvement category.

RESULTS AND DISCUSSION

Before presenting the validation and effectiveness results, the overall design of the Smart AT
Microscope is described to illustrate the developed product. The system integrates a digital
microscope camera, a web-based interface, and an AI module for object recognition and
measurement. This design enables real-time observation, automated calibration, and quantitative
analysis of plant tissue structures. The physical and system design of the Smart AI Microscope is

presented in Figure 1.

Figure 1. The physical and system design of the smart AI microscope.

To operate the system, connect the digital microscope device to your PC or laptop. The camera
will automatically activate when the Smart Microscope application opens. Next, select the camera
navigation button. Based on Figure 1, if the active camera is set to the laptop camera instead of the
digital microscope, the camera settings in the web application must be adjusted to select the digital
microscope camera. To use the Smart Microscope web application, access the following link:
https://smartmicroscope.edusains.web.id/. The system provides role-based access control to
support both general use and content authoring. The administrator manages user registration to
ensure controlled access and data validity. The application supports two levels of interaction:
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unrestricted access for general users and authenticated access for registered users. In the non-

authenticated mode, users can utilize the core features of the Smart Microscope for observation and
learning activities. In the authenticated mode, the system activates additional privileges that allow
users to create, modify, and manage instructional content in the Materials module. This mechanism
enables the application to function not only as a learning tool but also as a content development
platform. After authentication, the system loads the main Smart Microscope workspace, which

integrates the primary operational features as illustrated in the following figure.

Smart Microscope

Start Camera Capture Image Analisis Image Record Video Info Image Save Image

© 2025 Hak Cipta Dr. Sugianto, M.Pd

Figure 2. Smartmicroscope navigation

Based on Figure 1, the Smart Microscope navigation consists of the following buttons: Start
Camera, Capture Image, Analyze Image, Record Video, Info Image, and Save Image. The Start
Camera button activates the camera connected to the digital microscope, while the Full Screen
Camera option enlarges the display. The Capture Image button captures images of cells or tissues
that are already in focus at the selected magnification of the digital microscope camera. The captured
image can then be stored using the Save Image button or analyzed using the Analyze Image button,
which measures and analyzes cell size, cell-to-cell distances, cell wall thickness, and other structural
features. The system can also identify plant cell or tissue images using the Info Image button, which
leverages Al In addition, the Smart Microscope includes a Record Camera button that records videos
of the observed cells or tissues. To store the recorded video, users can select the Save Video button.

Based on Figure 3, the image analysis module provides an integrated environment for
quantitative observation of plant cells and tissues. The system incorporates an automated calibration
function that converts pixel-based images into standardized measurement units based on a defined
reference scale. This function ensures the validity and accuracy of all subsequent quantitative
analyses. The measurement engine enables the calculation of cell area through adaptive region
selection that accommodates various morphological characteristics using circular, polygonal, or free-
form geometries. Once a region of interest is defined, the system processes the selected area and

generates numerical outputs that represent the measured structure.
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Figure 3. Cell image analysis

This capability transforms microscopic visual data into quantifiable scientific information. In
addition, the labeling feature supports the structured organization of observational data by allowing
specific cells or tissue components to be identified, classified, and linked to their corresponding
quantitative results. This mechanism not only functions as a documentation tool but also as an
analytical scaffold that facilitates logical grouping, comparison, and interpretation of observed
structures.

These integrated functions operationalize the indicators of logical—-mathematical intelligence
by promoting logical reasoning through classification and relational analysis, enabling numerical
analysis via automatically generated quantitative data, ensuring measurement accuracy through
calibrated scaling, and strengthening data interpretation by systematically connecting visual
evidence with numerical and categorical information. Through this analytical framework, the Smart
Microscope shifts microscopy activities from purely visual observation toward a quantitative,

evidence-based, and cognitively structured learning experience.
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Figure 4. Identify cell images

Based on Figure 4, the Info Image module functions as an Al-assisted identification system
that analyzes microscopic images of plant cells and tissues. The system accepts image input and
processes it using image recognition and pattern analysis algorithms to extract visual features,

compare them with trained biological datasets, and generate probabilistic identification results. The
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output includes the predicted specimen type, its structural characteristics, and contextual biological

explanations, as presented in Figure 5. This module extends the microscope's role from a
visualization tool to an analytical environment by converting observed specimens into interpretable
scientific information. The integration of automated identification with explanatory output enables
users to examine the correspondence between empirical observations and theoretical concepts,
facilitating verification and conceptual refinement. Functionally, the Al-driven analysis supports
biological classification, assists in recognizing diagnostic anatomical features, and provides
immediate conceptual feedback. These capabilities promote analytical reasoning by encouraging
comparison between system-generated results and prior knowledge, support scientific validation
through evidence-based confirmation of structures, and foster higher-order thinking by positioning
learners in an inquiry-oriented interaction with the observed object. Through this mechanism, the
Smart Microscope transforms passive microscopic observation into an interactive, data-informed,

and cognitively engaging learning process in the plant anatomy practicum.

Hasil Identifikasi

Gambar yang Diunggah:

Hasil Model:

Teks Hasil:

Gambar ini adalah gambar mikroskopis jaringan tumbuhan
Berikut adalah identifikasi objek-objek yang diberi label dan ciri-ciri umum yang terlihat
1. Sel-sel Tumbuhan: Terlihat banyak sel dengan bentuk poligonal (segi banyak) yang tersusun rapat

2. Dinding Sel: Titik biru dengan label "Dinding sel" dan "d" menunjuk pada batas luar setiap sel, yang
merupakan ciri khas sel tumbuhan. Dinding sel memberikan bentuk dan dukungan pada sel

3. Luas Sel: Poligon merah menunjukkan area salah satu sel yang telah diukur. Luasnya ditunjukkan
sekitar 12787.50 px? yang setara dengan 312.00 pm? (mikrometer persegi). Ini menunjukkan bahwa
gambar ini digunakan untuk analisis kuantitatif ukuran sel

4. Berkas Pengangkut: Titik biru di kanan bawah dengan label "berkas pengangkut’ menunjuk pada
kelompok sel yang lebih padat dan berbeda, yang merupakan jaringan vaskular (xilem dan floem) yang
berfungsi untuk transportasi air dan nutrisi dalam tumbuhan

Figure 5. Cell image identification results

Based on Figure 5, the AI system identifies the uploaded image as a microscopic view of plant
tissue. The cells appear polygonal and tightly arranged, with clear cell walls that indicate typical plant
cell structures. One highlighted cell shows an area of approximately 317.00 ym2, demonstrating the
system’s quantitative measurement capability. The larger tubular structures are identified as
vascular bundles, which transport water and nutrients and consist of xylem and phloem. Overall, the
AT analysis confirms both the structural characteristics and the functional components of the
observed plant tissue.

The results of this study indicate that the Smart AT Microscope developed for plant anatomy
learning is both valid and effective in enhancing students’ logical -mathematical intelligence. The
validation process involved three experts who evaluated the product across interface design,
navigation structure, user accessibility, interactive features, and Al-based image recognition. The
results of the expert validation are presented in Table 1.

Table 1 shows that all assessed aspects fall into the “very valid” category, indicating that the

developed Smart Al Microscope meets pedagogical and technological feasibility standards. The
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highest score was obtained in the Al-based identification feature, reflecting the robustness of the

artificial intelligence integration. In addition to the quantitative validation results, the experts
suggested several refinements to improve system usability and the accuracy of the Al-assisted
analysis. The revisions included restructuring AI prompts to generate more specific, context-
appropriate biological identifications; simplifying the navigation flow to make the analytical tools
more intuitive; improving interface consistency in layout and visual contrast to support microscopic
observation; and adding concise functional guidance within the system. These improvements were
implemented in the final version of the Smart AI Microscope without altering its core functionality.
The content validity of the Smart Al Microscope was analyzed using the Content Validity Ratio (CVR).
Based on the assessment of three experts, all validation aspects had a CVR of 1.00, indicating that all
experts agreed that each component was essential. According to Lawshe’s critical value for N=3N =
3N=3 (CVR = 0.99), all aspects are considered to have statistically significant content validity. These
findings are consistent with the literature, which emphasizes that AI-powered microscopy enhances

analytical precision and reduces human error.

Table 1. Expert validation results of the smart Al microscope

No Validation Aspect Mean Score CVR  Category
1 Web interface design 4.4 1.00 Very valid
2 Navigation structure 4.5 1.00 Very valid
3 User access and profile management 4.5 1.00 Very valid
4 User interaction features 4.5 1.00 Very valid
5 Al-based material and image identification feature 5.0 1.00 Very valid

It is important to clarify that the Al-based identification feature in the Smart AI Microscope
does not employ a locally trained convolutional neural network (CNN) model for direct histological
classification. Instead, the system uses a large language model (LLM)- based application
programming interface (API) with multimodal capabilities to analyze uploaded microscopic images
and generate descriptive identification results. The model performs visual feature interpretation and
contextual explanation rather than pixel-level supervised classification as in a conventional CNN
pipeline. Previous studies have demonstrated the high performance of deep learning in microscopic
image analysis. For example, convolutional neural network (CNN) models have shown excellent
accuracy in histopathological image classification and detection tasks (Litjens et al., 2017; Komura &
Ishikawa, 2018; Esteva et al., 2017). These findings, together with those of Zhang et al. (2022),
confirm that Al-based microscopy provides reliable and consistent analytical support. However, in
the context of this study, the Al system is intended to facilitate learning by generating interpretable
and conceptually rich outputs rather than performing automated clinical diagnosis. Therefore, the
reliability of the Al feature in this study should not be interpreted in terms of diagnostic sensitivity,
as in CNN-based medical imaging, but rather in terms of its pedagogical function: transforming
visual observations into structured biological interpretations and supporting higher-order thinking
skills.

Similarly, Yu et al. (2022) reported that Al-assisted microscopic search systems performed at

levels comparable to those of experienced experts while significantly reducing manual workload. In
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educational contexts, such technological accuracy supports structured reasoning and analytical

engagement, thereby creating opportunities to stimulate higher-order cognitive processes.

From an educational perspective, the integration of intelligent systems into learning tools has
been widely acknowledged as transformative. Chen et al. (2020) highlighted that artificial
intelligence in education promotes personalized feedback, adaptive support, and improved cognitive
engagement. Zawacki-Richter et al. (2019) found, in their systematic review, that AI applications in
higher education significantly contribute to learning analytics and cognitive skill development. The
study’s very valid category suggests that the Smart AI Microscope aligns with these global trends by
embedding automated recognition and measurement features that foster analytical reasoning during
laboratory activities.

The integration of digital microscopy also aligns with Suherman et al. (2020), who stated that
digital microscopes facilitate real-time image sharing and collaborative learning environments.
Furthermore, previous studies in a plant anatomy practicum revealed that integrating a digital
microscope improved multiple intelligences (Sugianto et al., 2019), significantly enhanced visual—
spatial intelligence (Sugianto et al., 2023), and strengthened kinesthetic intelligence through
Microscope Viewer Online (Sugianto et al., 2023). However, those studies did not specifically
examine logical-mathematical intelligence. The present study extends this body of knowledge by
demonstrating that Al-assisted microscopy can also foster analytical and quantitative reasoning
abilities. Huang et al. (2021) emphasized that combining AI with cloud-based and intelligent
visualization systems enhances data-driven inquiry processes. Likewise, Holmes et al. (2019) argued
that Al-based educational tools serve as cognitive scaffolding, guiding learners through complex
reasoning tasks. In the context of a plant anatomy practicum, the Smart AT Microscope not only
digitizes observations but also restructures cognitive processes by requiring students to validate Al-
generated classifications, interpret quantitative measurements, and verify structural patterns. This
shift reflects a movement from observational learning to analytical inquiry.

Furthermore, studies on digital laboratory environments demonstrate that technology-
enhanced practicum settings significantly improve reasoning and scientific literacy. Luckin et al.
(2016) explained that Al-supported systems enhance students’ metacognitive awareness and
promote deeper analytical engagement. Similarly, Roll and Wylie (2016) reported that intelligent
tutoring systems strengthen structured reasoning processes by providing real-time feedback and
error correction. The validation results in Table 1, therefore, indicate not only technical feasibility
but also theoretical alignment with contemporary Al-based pedagogical frameworks.

The effectiveness of the Smart AT Microscope in improving students’ logical-mathematical

intelligence was measured using the normalized gain (N-Gain) analysis. The results are presented in

Table 2.
Table 2. N-gain score of logical-mathematical intelligence
Statistic N-Gain (%) Std. Error
Mean 64.64 8.408
Minimum 9.09 -
Maximum 94.74 -
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Table 2 shows that the mean N-Gain score was 64.64%, placing it in the moderate effectiveness

category. The maximum gain of 94.74% indicates that some students experienced substantial
improvement after using the Smart AI Microscope, while the minimum gain of 9.09% reflects
considerable variability in learning outcomes. This wide range suggests that the impact of the AI-
assisted tool was not uniform across all students.

Several factors may explain why some students showed limited improvement. First,
differences in prior knowledge and initial logical-mathematical ability influenced how effectively
students used the system's quantitative and analytical features. Students with lower initial
competence tended to focus on the visual output rather than on measurement, calibration, and data
interpretation, which are essential for developing logical-mathematical intelligence. Second, the
ability to formulate analytical prompts and interpret Al-generated explanations varied among
students, affecting the depth of their inquiry and verification process. Third, variations in digital
literacy and familiarity with technology may have created additional cognitive load for some learners,
reducing their engagement in higher-order analytical activities.

In addition, learning behavior during practicum activities also contributed to this difference.
Students who actively compared measurement results, verified Al identification against theoretical
references, and systematically used the annotation features tended to achieve higher gains. In
contrast, students who used the system only for observation without performing quantitative analysis
showed lower improvement.

These findings indicate that although the Smart AI Microscope has strong potential to enhance
logical-mathematical intelligence, its effectiveness is influenced by students’ initial competence,
technological readiness, and the level of analytical engagement during learning. Therefore,
structured scaffolding, guided inquiry worksheets, and explicit training in data interpretation are
needed to ensure that all students can optimally benefit from the Al-assisted learning environment.

The observed improvement can be interpreted through the lens of the logical-mathematical
intelligence theory, which emphasizes reasoning, pattern recognition, classification, and numerical
processing. During the practicum, students not only observed plant tissues but also engaged in Al-
supported object identification, measurement comparison, structural classification, and verification
of results. This process required systematic analysis and quantitative interpretation, thereby
activating logical reasoning processes. The Al system served as a cognitive scaffolding tool, guiding
students toward structured inquiry rather than passive observation.

These findings also reinforce the argument made by Huang et al. (2021) that integrating
intelligent systems into learning environments enhances analytical engagement and supports data-
driven inquiry. By transforming conventional plant anatomy practicum into an Al-assisted analytical
laboratory, this study proposes a conceptual shift from descriptive observation to a quantitative
reasoning—based practicum. Thus, the Smart AI Microscope not only meets technical validity
standards but also, theoretically, contributes to the integration of artificial intelligence as a catalyst
for the development of logical-mathematical intelligence in science education.

The improvement observed can be interpreted through the theoretical lens of logical-
mathematical intelligence, which involves pattern recognition, deductive reasoning, numerical

manipulation, and systematic analysis. In this study, the AI does not perform logical reasoning on
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behalf of students; rather, it automates routine, mechanical processes such as scale calibration, area

calculation, and preliminary image identification. By reducing the extraneous cognitive load
associated with technical and procedural tasks, the system enables students to allocate more
cognitive resources to higher-order processes, including interpreting quantitative results, comparing
empirical data with theoretical concepts, identifying structural patterns, and making evidence-based
conclusions. In this way, the Smart Al Microscope functions as a cognitive scaffold rather than a
substitute for students’ reasoning.

This finding is consistent with studies showing that Al-supported scaffolding facilitates
higher-order thinking by freeing working-memory resources while maintaining learner agency and
metacognitive engagement (Al Mamun & Lawrie, 2024; Tsakeni et al., 2025; Wang & Fan, 2025;
Zhou et al., 2025; Boubker et al., 2024). Al-assisted learning environments have been reported to
strengthen systematic reasoning and critical evaluation because students must interpret, verify, and
assess the relevance of Al-generated outputs rather than passively accept them (Wang & Fan, 2025;
Zhou et al., 2025). Moreover, reducing routine cognitive demands allows learners to focus on
conceptual understanding and analytical decision-making, which are core components of logical—
mathematical intelligence (Tsakeni et al., 2025; Al Mamun & Lawrie, 2024). According to Gardner’s
multiple intelligences framework and further empirical studies on mathematical reasoning
competencies (Wu et al., 2022), logical-mathematical intelligence is strengthened when learners
engage in structured problem-solving environments. The Smart AI Microscope provides such an
environment by integrating automated measurement, classification, and data validation processes.
Students are required to analyze microscopic dimensions, compare tissue structures, and verify Al
outputs, thereby activating analytical reasoning and quantitative processing skills.

International research further supports these findings. Studies on Al-enhanced STEM
learning indicate significant improvements in analytical performance when students interact with
intelligent systems that provide real-time feedback (Chen et al., 2020; Holmes et al., 2019).
Additionally, adaptive learning technologies have been shown to improve mathematical reasoning
performance by fostering iterative verification and reflective analysis (Zawacki-Richter et al., 2019).
The moderate N-Gain value obtained in this study demonstrates that Al integration can meaningfully
contribute to higher-order cognitive development in laboratory-based science learning.

The transformation observed in this study also aligns with global shifts toward data-driven
science education. Al-powered tools facilitate automated data processing and visualization, which
promotes evidence-based reasoning (Huang et al., 2021). By integrating Al-based object recognition
and digital calibration, the Smart AT Microscope transforms plant anatomy practicum into an
analytical laboratory experience. Students no longer rely solely on subjective visual interpretation;
instead, they engage in structured quantitative validation supported by intelligent algorithms.

Therefore, the results suggest that the Smart AI Microscope not only meets technical validity
standards but also contributes theoretically to the evolution of science practicum pedagogy. The
system embodies principles of intelligent tutoring, adaptive feedback, and cognitive scaffolding
documented in international Al-education research. By shifting plant anatomy practicum from

descriptive observation to quantitative reasoning-based inquiry, this innovation strengthens logical—
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mathematical intelligence and aligns biology education with contemporary smart learning

paradigms.

CONCLUSION

In conclusion, the development and implementation of the Smart AI Microscope for plant
anatomy learning demonstrates that the product is both valid and moderately effective in enhancing
students’ logical-mathematical intelligence. The expert validation results indicate that all assessed
aspects of the system fall into the very valid category, confirming its feasibility for instructional use.
The effectiveness analysis using the N-Gain method shows a mean improvement of 64.64%, which
belongs to the moderate improvement category, indicating that the Smart AI Microscope contributes
meaningfully to students’ analytical and quantitative reasoning skills.

The findings suggest that integrating artificial intelligence into plant anatomy practicum shifts
the learning process from descriptive observation toward data-driven analysis. The Al-based
features, such as automatic object recognition and measurement support, provide cognitive
scaffolding that encourages students to engage in logical reasoning, pattern recognition, and
quantitative interpretation. This transformation supports the development of logical -mathematical
intelligence as an essential competency in science learning.

However, this study has several limitations. The implementation was conducted with a limited
sample and in a specific learning context, which may limit the generalizability of the results. The
variation in N-Gain scores also indicates differences in students’ initial abilities, digital literacy, and
readiness to use Al-assisted tools, which were not examined in depth. In addition, the effectiveness
was measured over a relatively short intervention period, so the long-term impact of the Smart AI
Microscope on students’ cognitive development and scientific skills remains unclear.

Therefore, the Smart AI Microscope can be considered a valid and effective innovation for
technology-integrated biology practicum. The study implies that Al-assisted laboratory tools have
the potential to enhance higher-order thinking skills and modernize science education practices.
Future research is recommended to implement the system on a larger scale, integrate additional
intelligent features, investigate long-term learning outcomes, and examine its impact on other

domains of student intelligence and scientific competencies.
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