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The integration of artificial intelligence (AI) and robotics technologies in
education has increasingly expanded in response to the demand for
interactive, adaptive, and technology-enhanced learning environments.
However, previous studies have predominantly focused on either the
technical performance of educational robots or users’ behavioral acceptance
independently, with limited studies integrating both perspectives within a
unified evaluation framework. This study aims to evaluate the technical
functionality and student acceptance of the Al-based MSWaMS (Mobile
Smart Waste Management System) robot developed to support waste-sorting
education through visual detection, object recognition, and an integrated
control system. The research contribution of this study lies in combining
robot functional validation through Black-box Testing and behavioral
analysis using the Technology Acceptance Model (TAM). Functional
evaluation was conducted on several key components, including the motion
system, proximity sensors, waste classification mechanisms, automatic lid
systems, and information displays. The results demonstrated a high
functional success rate ranging from 95% to 100%, with only minor
limitations identified in waste classification accuracy and side-lid
mechanisms. SmartPLS analysis revealed that usability significantly
influences perceived ease of use and perceived usefulness, which
subsequently affect students” attitudes and behavioral intentions toward using
the robot. These findings suggest that technical reliability contributes to
positive user perceptions and supports the adoption of Al-based educational
robots in creating more interactive and sustainable learning environments.
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1. INTRODUCTION

The development of artificial intelligence and robotics technology in Industrial Revolution 5.0 era has
opened up significant opportunities for creating more interactive, contextual, and adaptive learning media for
students [1]. One innovation designed for educational purposes while simultaneously supporting environmental
literacy is the MSWaMS (Mobile Smart Waste Management System) Robot in Figure 1, an Al-based waste
sorting robot capable of automatically detecting and classifying organic and inorganic waste [2][3]. This robot
is expected to improve students' skills and awareness of the importance of waste management from an early
age through a more practical, fun, and technology-based learning approach [4].

Figure 1. Trash Robot Design

While educational robotics technology has high potential, its successful implementation is largely
determined by two key factors: system reliability and user acceptance. Technically, the robot must undergo a
comprehensive functional evaluation process to ensure that every component, from the proximity sensor and
motion system to the actuator, display screen, and Al camera module, functions as designed [5][6]. Based on
functional test results, the MSWaMS was tested using the black-box method and demonstrated a high success
rate for almost all features, between 95% and 100%, with some minor failures in the object detection function
and the side-closing mechanism [7]. These results confirm that the robot has sufficient technical performance
for further testing in a real-world user environment, namely students.

In addition to technical aspects, understanding how students accept and intend to use robotics technology
is crucial in the context of educational technology adoption [8]. User acceptance is influenced by Perceived
Ease of Use, Perceived Usefulness, Attitude Toward Using, and Behavioral Intention to Use. The Technology
Acceptance Model (TAM) framework serves as the primary foundation for assessing the relationship between
students' perceptions and intentions in using the MSWaMS robot [9]. Usability, as an external variable, also
contributes significantly to the formation of users' initial perceptions of the robot [10]. To empirically test the
causal relationship between these variables, a quantitative method using a SmartPLS-assisted structural
modeling approach was used in this study.

In the educational context, the use of robots such as MSWaMS is not only intended to assist the waste
sorting process, but also to improve technological literacy, ecological intelligence, and the development of
environmentally conscious character [11][12]. Therefore, research on the robot's technical performance and
user behavior analysis are crucial steps for implementation of more inclusive, effective, and sustainable Al-
based educational robots in school environments. This research is anticipated to provide a substantial
contribution toward advancing smart technology-driven educational systems while fostering the establishment
of an adaptive learning ecosystem capable of addressing emerging environmental challenges in the future.

The integration of Al, computer vision, autonomous robotics, and behavioral analysis models has driven
various innovations in modern environmental education systems. In recent years, research on the application
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of Al- and IoT-based waste sorting technology has grown in line with the increasing urgency of environmental
issues and the need for more adaptive learning approaches [13]. Beyond optimizing the performance of waste
segregation activities, this technological innovation also acts as an educational instrument that promotes greater
student engagement, increases learning enthusiasm, and creates more meaningful learning experiences through
hands-on interaction with smart technologies [14].

Previous research focusing on Al- and IoT-based waste sorting systems has shown that this technology
has significant potential in environmental education, particularly in raising students' awareness of the
importance of sustainable waste management [15][16]. Integrated waste sorting systems generally consist of
several subsystems, such as automated sorting by intelligent robots, collection based on waste type, and
processing organic waste into value-added products, such as eco-enzymes [17][18]. The organic fermentation
process can be monitored in real time using [oT sensors to measure gas and pH levels, which serve as indicators
of the readiness of the processed product [19]. This approach not only reflects the collaboration between digital
technology and environmental systems but also aligns with sustainable development and improving the
ecological literacy of the younger generation.

Recent studies published between 2022 and 2026 have demonstrated substantial progress in Al-based
waste management systems, educational robotics, and human robot interaction applications. Al-assisted waste
classification technologies have increasingly utilized computer vision and sensor based approaches to improve
waste identification accuracy and automation capabilities. Similarly, educational robotics studies have
highlighted the potential of interactive robots to increase student engagement, motivation, and experiential
learning outcomes. However, most existing studies tend to focus on either technical system performance or
behavioral acceptance independently, with limited efforts devoted to integrating these two perspectives within
a single evaluation framework. Furthermore, limited studies have examined how the technical reliability of Al-
based educational robots may influence students' acceptance and intention to continuously use the technology.
Functional characteristics such as response accuracy, movement stability, detection performance, and system
usability may affect students’ perceptions regarding ease of use and usefulness. Therefore, understanding both
technical and behavioral dimensions simultaneously becomes essential to ensure successful implementation of
educational robotics technologies within real classroom environments.

This research novelty is the integration of black-box testing based robot functional testing with student
acceptance analysis using the TAM model. While most research on waste sorting robots focuses on technical
aspects or waste processing, this study adds the dimension of user behavior is key component to successful
adoption in educational technology [3]. This approach aligns with the concept of social robotics, which
positions robots not merely as technical devices but as social interaction media capable of influencing user
behavior and decisions [20]. In this study, the MSWaMS robot was assessed not only on technical aspects such
as detection accuracy and motion precision, but also on how students perceived its ease of use, usefulness,
attitudes, and ultimately, their intention to use it continuously.

Through this integrated approach, the study offers novel contributions to the field of intelligent
technology-based learning. Functional testing ensured that the system performed according to specifications,
while the TAM model provided in-depth insights into the psychological and behavioral factors that influence
student acceptance of technology. Accordingly, this research not only generated an extensive assessment
regarding the operational dependability of the robotic system but also established an evidence-based basis for
formulating implementation strategies for Al-driven educational robots within the Indonesian educational
environment.

The rapid advancement of artificial intelligence (Al) technology has triggered a substantial transformation
in the paradigm of the global educational landscape. During the last two decades, the incorporation of digital
technologies, robotic applications, and intelligent systems into educational practices has progressed from the
use of basic instructional tools into the establishment of highly interactive, adaptive, and personalized learning
environments. Al-based educational robots function not only as a medium for delivering content but also as
learning agents that can interact directly with students through sensory, visual, and motor responses that mimic
human behavior or real-world objects [16],[21]. The MSWaMS AI Robot is one example of such
implementation, designed not only as a learning aid but also as a learning companion that facilitates students'
understanding of waste sorting, environmental literacy, and ecological education. That is crucial to understand
how students assess these interactive experiences and the extent to which psychological, technical, and
perceptual factors predispose their intentions to use the technology sustainably.

The Technology Acceptance Model has been widely recognized as one of the most prominent theoretical
models for understanding and explaining individuals’ behavioral acceptance of technology. Since its
development by [22], the TAM has been used as a dominant model in thousands of studies on the adoption of
information systems, digital systems, and Al- based technologies. In this model, two key constructs perceived
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usefulness (PU) and perceived ease of use (PEOU) are defined as psychological determinants that influence
attitudes toward technology (ATT) and ultimately shape behavioral intentions to use technology (BI). PU
reflects the extent to which technology is perceived to provide tangible benefits to users, while PEOU refers to
discernment that the technology is easy to operate and does not require a high cognitive load [23]. The strength
of the TAM lies in its simplicity, generalizability across contexts, and consistent empirical evidence in
explaining how users' initial perceptions shape their final decision to use technology [24]. Within educational
settings, the Technology Acceptance Model provides a framework for understanding students’ perceptions
regarding instructional benefits, interaction simplicity, and user convenience associated with educational
technologies, thereby making it particularly suitable for evaluating user acceptance of the MSWaMS Al Robot.

The integration of TAM into the context of Al-based educational robots is becoming increasingly relevant
given that robotics technology has different physical interaction characteristics than screen-based digital
systems. The user experience with a robot is highly dependent on usability, namely the extent to which the
robot is able to respond accurately, consistently, and efficiently. Usability in educational robots includes not
only ease of understanding instructions but also sensor reliability, detection accuracy, movement precision,
response stability, and the conformity of output to user commands [25]. The MSWaMS AI Robot has been
tested through a series of black-box tests that show that most of the robot's functions, ranging from
multidirectional movement, the ability to detect organic and inorganic waste, real-time visual displays,
automatic opening and closing mechanisms, and proximity sensors, function with a 95-100% success rate.
This technical reliability conceptually supports the formation of perceived ease of use because students will
feel they do not need to struggle or learn complex procedures to operate the robot. Human-Computer
Interaction (HCI) literature emphasizes that system stability is a crucial prerequisite for shaping perceived ease
of use, as technical barriers are typically a major source of user resistance. The research framework is shown
in Figure 2.

Perceived Hy
Usefulnes y” 1
W () s
External rl ~ Attitude Hg | Behavioral
Variables | 4 Ha Toward > Intention to
4 Whx Using (A) Use (BI)
\‘ Perceived /
Ease of Use
(E)

Figure 2. Research Framework

e H,: Usability positively influences Perceived Ease of Use

High usability supports perceived ease of use and strengthens users' perceptions of usefulness. In the
context of educational robots, benefits can include increased learning interest, better knowledge retention,
increased student engagement, and enhanced conceptual understanding through a multisensory approach [26].
The MSWaMS Al robot, capable of providing real-time visual and sensory feedback, has the potential to
increase students' perceived usefulness because it helps them understand the waste sorting process directly
through realistic simulations [27]. From a TAM perspective, perceived usefulness is the strongest determinant
influencing technology adoption. Systems with good usability are more likely to be perceived as providing
tangible benefits because the user experience is less disruptive and more focused on learning activities.

e  H,: Usability positively influences Perceived Usefulness

The association between perceived ease of use and perceived usefulness represents a fundamental
component within the cognitive perspective of the TAM framework. Previous studies indicate that when a
technology is regarded as simple and convenient to operate, users tend to evaluate it as more beneficial, since
a lower level of complexity reduces cognitive burden and facilitates a smoother interaction experience [28].
This is particularly relevant in the context of educational robots, which have mechanical and sensory
complexity. When students perceive the MSWaMS Al Robot as easy to control without requiring in-depth
technical understanding, they will perceive the robot as an effective educational tool [29]. Studies within the
field of educational technology suggest that user-friendliness exerts an indirect yet substantial influence on
perceived usefulness by creating learning experiences that are more engaging, efficient, and less associated
with technological anxiety. Consequently, perceived ease of use can be considered a critical determinant in
shaping users’ evaluations of the functional value and effectiveness of educational robots.
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e Hj: Perceived Ease of Use has a positive effect on Perceived Usefulness

Perceived Ease of Use is also a crucial determinant in the formation of attitudes toward technology.
Attitudes are emotional and cognitive evaluations of a technology, formed based on perceptions and
experiences [30]. In a learning context, students tend to have positive attitudes toward technology that is
engaging and easy to use without significant difficulty. Good experiences during interactions will strengthen
students' self- confidence and minimize technology anxiety, thus forming a more positive attitude toward
robots. In the MSWaMS robot, ease of use in accessing features, intuitive operation, and consistent robot
responses create an enjoyable learning experience that is then reflected in user attitudes.

e  H,: Perceived Ease of Use has a positive effect on Attitude Toward Using

Perceived usefulness plays a crucial role in shaping user attitudes. Empirical literature consistently shows
that perceived usefulness is the strongest determinant of attitude formation in various technological contexts,
including educational robots, learning applications, digital systems, and interactive platforms [31]. If users
perceive that technology significantly contributes to their learning activities, their emotional evaluation of the
technology will be more positive [32]. In the MSWaMS Al Robot, students can experience direct benefits
through its ability to provide concrete understanding of waste sorting and the environment. In addition to its
educational benefits, the robot also provides a fun and engaging learning experience, thus strengthening
positive attitudes.

e  H;: Perceived Usefulness positively influences Attitude Toward Using

Attitude then becomes the primary determinant of behavioral intention to use technology. Within the
frameworks of TAM and the theory of planned behavior, attitude is regarded as one of the most immediate
psychological determinants influencing an individual’s decision to engage with a technology. Students who
develop favorable perceptions toward the MSWaMS Al Robot are more likely to demonstrate stronger
enthusiasm and a greater intention to maintain continued interaction with the robot over time [33]. This positive
attitude also arises from the self- confidence, emotional comfort, and satisfaction felt during technology use.
Enjoyable educational experiences increase intrinsic motivation and the drive to continue adopting the
technology.

e  Hg: Attitude Toward Using positively influences Behavioral Intention

Apart from attitude, perceived usefulness is also considered a direct determinant influencing an
individual’s behavioral intention to adopt and continue using a technology. In many TAM studies, Perceived
Usefulness has been found to be the variable that most strongly influences usage intention, particularly in the
context of educational technology. Individuals who consider a robotic system to deliver substantial value and
practical advantages tend to demonstrate stronger intentions to continue using it, even when additional
considerations such as usability factors or potential risks remain part of their evaluation process [30]. In the
context of the MSWaMS Al Robot, educational benefits such as environmental understanding and hands-on
experiential learning activities are the primary reasons users re-adopt the technology.

e  H;: Perceived Usefulness has a positive effect on Behavioral Intention

2. METHODS

This research as shown in Figure 3 employed a quantitative methodology using a causal research approach
to examine the effects of the Technology Acceptance Model constructs on students’ behavioral intentions
toward the utilization of the Artificial Intelligence (Al)-based MSWaMS educational robot. A causal research
design was adopted because the objective of this study was to investigate the cause-and-effect relationships
among the variables, particularly in determining how perceived ease of use, perceived usefulness, and attitudes
toward technology usage affect students’ intentions to adopt the robot as an instructional medium. Furthermore,
this study integrated technical evaluation through Blackbox Testing to ensure the robot functioned according
to specifications before evaluating it through user perceptions.

The MSWaMS (Mobile Smart Waste Management System) robot, the subject of this study, is equipped
with several components, including ultrasonic sensors, a visual camera, an LCD display, and an automatic
closing mechanism for organic and inorganic waste. Blackbox testing was conducted to assess system
performance based on the correspondence between input and output without analyzing the internal code
structure [34]. Each robot function was tested through different scenarios, such as waste detection and
classification, information display on the LCD, sensor response to obstacles, and the mechanical behavior of
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the automatic closing [35]. All test results were recorded as "as expected" or "not as expected" as a basis for
assessing system reliability and stability [36].

After technical testing, students were given the opportunity to interact directly with the robot before
completing the research questionnaire. The research instrument was designed based on the main constructs of
TAM: Perceived Ease of Use, Perceived Usefulness, Attitude Toward Using, and Behavioral Intention. All
indicators were measured using a 1-5 Likert scale. Respondents were selected using a purposive sampling
technique, namely participants who had observed or tried the robot directly during demonstrations [37]. The
collected data were processed and examined through the application of the Partial Least Squares—Structural
Equation Modeling (PLS-SEM) technique using SmartPLS. The analytical procedure was carried out through
two primary phases, consisting of the assessment of the measurement model (outer model) followed by the
evaluation of the structural model (inner model). Testing the outer model included evaluating the validity and
reliability of the constructs [38]. In contrast, the structural model assessment was applied to examine the
magnitude and direction of the relationships among variables by evaluating path coefficients, coefficient of
determination (R?) values, and the statistical significance obtained from bootstrapping procedures. This
analytical process offers a broader understanding of the determinants influencing students’ intentions to adopt
the MSWaMS educational robot, while also identifying the relative contribution of each construct within the
technology acceptance model.

By combining robot functional testing through Blackbox Testing and user behavior analysis through
TAM, this study provides two perspectives: the system's technical reliability and user acceptance. This
integrated approach is anticipated to deliver a thorough understanding of the technological readiness of
MSWaMS as an Al-driven interactive learning platform designed to support intelligent and sustainable waste
management education.
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Figure 3. Research flow diagram
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3. RESULT AND DISCUSSION

The Results and Discussion section presents research findings consisting of the results of the Blackbox
Test on the functionality of the MSWaMS educational robot and an analysis of technology acceptance by
students using the TAM model. Blackbox testing was conducted to ensure that each robot component including
the motion system, trash detection system, display screen, trash lid mechanism, proximity sensor, and side
body cover functioned according to the established design specifications. The results of this technical
evaluation became the basis for assessing the reliability of the device before being analyzed from a user
perspective. Furthermore, TAM analysis using SmartPLS tested the causal relationship between variables to
determine the factors that influence students' interest in using robots as a learning medium. The combination
of technical evaluation outcomes and users’ perceptions generated a more comprehensive understanding of
both system effectiveness and the extent to which MSWaMS technology was accepted by students.

3.1. Black-box Testing (Functional Validation)

The findings obtained from the black-box testing of the MSWaMS educational robot offer a detailed
assessment of the operational reliability associated with each core functionality incorporated into the system
design. This testing was conducted by providing various input scenarios representing real-world usage
conditions, then comparing the resulting output with predetermined specifications. Each function was tested
independently to ensure that the entire system performed consistently and responsively [36]. The test data in
Table 1 showed that most of the robot's functions met the feasibility criteria, with some components requiring
further adjustment to achieve optimal performance.

Table 1. Results of Blackbox Test

Parent Validity Functional .
D Function Test Cases Percentage Status Information
F1 Motion Movetsolnazi]l(l)iddlr:g;c;rcllsésl\/loves 100% Pass All motion test scenarios were successful.
Trash Camera | detects organics; o . . 5% of'test cases failed (e.g., misclassified
F2 Detection Camera 2 detects inorganic. 95% Minor Fail objects).
3 Display Displays the type of waste 100% Pass The display was successful and accurate
Screen detected. ? according to the input data.
F4 Trash Can Camera 1 for organics, Camera 2 100% Pass The lid mechanism functioned perfectly
Lid for inorganic. ? according to the test scenarios.
F5 Proximity Detects obstacles 100% Pass All obstacle detection test scenarios were
Sensor ) ’ successful.
. o : S
F6 Side Body Monitors and collects waste. 98% Minor Fail 2% of test cases failed (¢.g,, the lid did
Lid not close/open properly).

In the F1 (Motion) function, all test scenarios demonstrated a 100% success rate, including movement in
all directions and obstacle avoidance. These results demonstrate that the robot's navigation system functioned
stably and responsively to environmental changes. The F2 (Trash Detection) function achieved 95% success,
with minor failures related to misclassification in a small number of cases. Nevertheless, this accuracy rate is
considered good for a visual camera-based system and indicates that the detection algorithm works effectively
in most scenarios.

The F3 (Display) function achieved 100% validity, indicating that all information displayed on the LCD
screen matched the sensor and camera detection results. The F4 (Trash Bin Lid) function also demonstrated
excellent performance with a 100% success rate for both organic and inorganic lids. This confirms that the
automatic lid mechanism is able to respond accurately and consistently to waste types. The F5 (Distance
Sensor) function again achieved 100% performance, demonstrating that the ultrasonic sensor is capable of
accurately and stably detecting objects around the robot.

Function F6 (Side Body Close) had a 98% success rate, with minor failures related to delays or
imperfections in the opening and closing process. Although categorized as a minor fail, this performance still
indicates that the function works well overall and only requires mechanical refinement to achieve full accuracy.
Cumulatively, the average functional validity of all components reached 98.83%, which indicates that the
MSWaMS robot is already in the very suitable category for use in educational demonstrations and further
research.

The functional validity graph in Figure 4 presented reinforces the findings in the table by demonstrating
a very high level of performance consistency for each function. Stable performance across most components
confirms that the system design is working as intended and requires only minor refinements to achieve
maximum performance. Thus, the Blackbox Test results provide a strong foundation that the MSWaMS robot
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is ready for use as a smart technology-based learning tool, while also demonstrating its significant potential for
further development in Al-based education and waste management systems.

Next, the average validity of the Blackbox test was calculated to obtain a comprehensive overview of the
functional success rate of each major component of the MSWaMS robot during testing using various scenarios
[7]. Each function, from the locomotion system, waste detection, display, trash can lid, proximity sensor, and
side body cover, was assessed based on a success rate, indicating the function's consistency in meeting design
specifications. This approach provides an objective indicator of the stability and reliability of system
performance, while ensuring that the robot can effectively perform core operations without significant
disruption in most test cases.

The calculation results in Figure 5 show that the function validity percentage is 98.83%. This figure
represents a very high success rate, indicating that the majority of the robot's functions worked optimally during
testing, with only minor failures found in trash detection and the side body cover. Through this calculation, it
can be concluded that the MSWaMS robot has stable performance and is worthy of proceeding to the next
evaluation stage, both in user testing and more complex system integration.

Function Validity Histogram

100 4

80 1

60

Validity Percentage (%)

20

F1 F2 F3 F4 F5 F6
Function 1D

Figure 4. Function validity graph

Percentage of Function Validit
Overall Validity = DA ge of y)

Number of Main Functions

100% + 95% + 100% + 100% + 100% + 98%
6

Overall Validity =

o 593%
Overall Validity = 3

=~ 98.83%

Figure S. Calculation of the average Functional Validity

3.2.  SmartPLS

The SmartPLS analysis conducted in this research was initiated through validity and reliability
assessments to verify that the questionnaire instrument measured the constructs within the TAM framework
with both accuracy and consistency. This stage is crucial because the quality of the data obtained from
respondents will determine the accuracy of the structural analysis results, particularly when assessing the
influence of variable on the acceptance of the MSWaMS educational robot. SmartPLS 4.0 was employed as
the main analytical instrument because of its capability to process models containing reflective indicators and
to simultaneously assess construct adequacy using multiple statistical parameters commonly applied in PLS-
SEM studies.

In the convergent validity test, each indicator's factor loading value assess to ensure that it accurately
represented the latent variable being measured. Generally speaking, indicators with a loading value below 0.4
were eliminated from the model as they were deemed to contribute insufficiently to explaining the construct,
while values above 0.7 indicated a strong and reliable indicator. Referring to the criteria proposed by [39] and
[40], all indicators in this study were declared valid because they had loading factor values above 0.5.
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Therefore, all items in the questionnaire were retained, and the model could proceed to the next stage of
analysis.

After validity was confirmed, the next is ensure construct reliability to assess the level of consistency
between indicators within each variable. Reliability testing used measures such as Cronbach's Alpha and
Composite Reliability, which generally require values above 0.7 to indicate good reliability. The success of all
indicators in meeting validity and reliability criteria indicates that the research instrument has met data quality
standards, thus ensuring the reliability of the structural model estimation results [41]. This initial stage also
ensures that the relationships between variables in the TAM model can be analyzed more accurately without
being influenced by instrument weaknesses.

The validity assessment (Table 2) demonstrated satisfactory results, as all variables achieved loading
factor values exceeding the minimum threshold of 0.50, indicating that the measurement items met the required
validity criteria and were therefore retained for subsequent analyses. Reliability evaluation was further
conducted through the examination of composite reliability values generated in SmartPLS 4.0. A construct is
generally considered reliable when the composite reliability value surpasses 0.70 and the Cronbach’s alpha
coefficient exceeds the recommended threshold of 0.60, reflecting a strong level of internal consistency among
the indicators [40].

The reliability assessment (Table 3) of the research instrument indicated that all constructs achieved
reliability coefficients of > 0.70, demonstrating an acceptable level of internal consistency across the
measurement items. Furthermore, the Average Variance Extracted (AVE) values for all constructs exceeded
the recommended threshold of 0.50, confirming adequate convergent validity. These findings suggest that the
measurement instrument satisfied the established reliability and validity requirements, allowing the dataset to
be used for further model evaluation procedures.

Table 2. Final Results of Validity Test

Variable Item Loadin Factor  Information
UBI 0.894 Valid
Usability (UB) UB2 0.865 Valid
UB3 0.817 Valid
PU1 0.905 Valid
Perceived Usefulness (PU) PU2 0.885 Valid
PU3 0.652 Valid
PEOU1 0.961 Valid
Perceived Ease of Use (PEOU) PEOU 2 0.941 Valid
PEOU 3 0.962 Valid
ATU1 0.741 Valid
Attitude Toward Using (ATU) ATU 2 0.881 Valid
ATU 3 0914 Valid
BI1 0.962 Valid
Behavioral Intention to Use (BI) BI2 0.988 Valid
BI3 0.973 Valid
Acceptable Limits >0.5 Accepted

Table 3. Reliability Test Results
Variable Item Construct Reliability AVE
UBI
Usability (UB) UB2 0.894 0.738
UB3
PU1
Perceived Usefulness (PU) PU2 0.860 0.676
PU3
PEOUI
Perceived Ease of Use (PEOU) PEOU 2 0.969 0911
PEOU 3
ATUI
Attitude Toward Using (ATU) ATU 2 0.885 0.721
ATU 3
BIl
Behavioral Intention to Use (BI) BI2 0.982 0.949
BI3

Within SmartPLS, the estimation of latent variable score components is derived through the integration
of both the inner and outer model assessments, where the outer model evaluates the associations between
indicators and their respective constructs. Subsequently, structural model analysis was performed to investigate
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the relationships among the proposed constructs. The outcomes of the structural model evaluation in this study
are presented in Figure 6.

Moreover, the decision regarding hypothesis acceptance or rejection was determined based on the
significance probability values obtained from the analysis, using a significance threshold of a = 5% (0.05) [38].
The findings of this study are summarized and presented in Table 4.

The results of the path coefficient analysis in the table show that most of the relationships between
variables in the research model are significant and accepted, indicated by a T-Statistic value above 1.96 and a
p-value <0.05. Usability (UB) is proven to have a significant effect on Perceived Ease of Use (PEOU) and
Perceived Usefulness (PU), so that the better the level of usability, the easier and more useful the technology
is perceived by users. PEOU also has a strong influence on Attitude Toward Using (ATU), but is not significant
on PU so the hypothesis is rejected. Perceived Usefulness (PU) has a significant effect both on ATU and
directly on Behavioral Intention (BI), indicating that perceived usefulness is important in shaping attitudes and
intentions to use technology. In addition, ATU has a significant influence on BI, which confirms that positive
user attitudes are the main determining factors in shaping intentions to use MSWaMS Al Robot. Thus, the
research model shows that usability, perceived ease of use, and perceived usefulness play an important role in
driving students' attitudes and intentions to use Al technology.

pety 58.260 &
Usability2 :_1-1'3011 . =
Usability1 o
2 Attitude 5191
nied A
Using X
ATU3
ATU2
PEOU1 PEOU2 PEOU3
Figure 6. SmartPLS 4.0 Structural Model
Table 4. Path Model Significance Test Results
. Original Sample Standard Deviation T-Statistic .
Variable Sample (0) average (M) (STDEV) (O/STDEV) P Information
UB—PEOU 0.417 0.427 0.087 4.803 0.000 Accepted
UB—PU 0.767 0.773 0.040 19.363 0.000 Accepted
PEOU—PU 0.388 0.380 0.057 6.818 0.000 Accepted
PEOU—ATU 0.660 0.658 0.058 11.468 0.004 Accepted
PU—ATU 0.320 0316 0.074 4.341 0.000 Accepted
ATU—BI 0.575 0.581 0.096 6.015 0.000 Accepted
PU—-BI 0.330 0.326 0.098 3.370 0.0001 Accepted

3.3. Discussion
3.3.1. The Positive Influence of Usability on Perceived Ease of Use

The findings of this study demonstrate that usability exerts a positive effect on perceived ease of use. This
suggests that higher levels of system usability within the MSWaMS robot contribute to greater user
convenience in understanding, learning, and operating the system effectively. Reliable functionality, accurate
sensor responses, and clear information displays contribute to a more intuitive user experience. In this context,
usability encompasses not only technical ease but also experiential ease, such as how the robot displays trash
detection results or how the closing mechanism operates without the need for additional instructions [42]. This
phenomenon aligns with the concept of usability in other interactive technologies, such as chatbots, which can
enhance perceived ease of use when designed to provide quick responses, clear interfaces, and efficient
interactions. Just as responsive chatbots can reduce users' cognitive load, consistent performance of the
MSWaMS robot contributes to users’ perceptions that the technology is simple and convenient to operate,
including for students who have limited or no previous experience with such systems.
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The results obtained in this study are consistent with previous investigations on interactive technologies,
which highlight that user experience plays a critical role in developing favorable perceptions toward intelligent
systems. Research by [26] shows that the higher the usability of a robot in terms of sensor function reliability,
detection accuracy, and visual output clarity the greater the perceived ease of use by students. This occurs
because an easy-to-use system reduces cognitive and technical barriers, allowing users to feel more confident
interacting with the technology. Comparable to studies on chatbot technology that emphasize the significance
of system design and operational reliability in strengthening user trust, the MSWaMS robot also requires a
simple and intuitive operational structure to develop stronger perceptions of usability among users.

3.3.2. The Positive Influence of Usability on Perceived Usefulness

The findings of this research reveal that usability exerts a positive and statistically significant effect on
perceived usefulness. It’s means that easier and more comfortable the MSWaMS robot is to use, the greater
the students' perception that it provides tangible benefits in the learning process and waste management
activities. High usability is evident in the reliability of the sensors, the accuracy of waste sorting, the clear
information display, and the consistent system response, which allows students to perceive time efficiency and
ease in understanding technology-based waste management concepts [43]. When a technology can be used
without difficulty, users tend to perceive it as genuinely helpful, increasing productivity, and enriching the
learning experience. This aligns with the TAM theory, where ease of use is often a key predictor of perceived
usefulness because positive experiences during initial interactions foster confidence that the technology will
provide long- term benefits.

This result is consistent with findings reported in earlier studies within the domains of educational
technology and automated system applications. For example, [44] on the use of digital assistants in education
showed that a smooth and uncomplicated user experience fosters the perception that the technology can
enhance the effectiveness and overall quality of the learning process. In the context of MSWaMS, the high
level of usability as proven through the results of the Blackbox Test makes this robot considered useful not
only as an automatic waste sorting tool, but also as an interactive and effective educational medium in
increasing environmental awareness among students.

3.3.3. The Positive Influence of Perceived Ease of Use on Perceived Usefulness

The results of the study indicate that Perceived Ease of Use positively influences Perceived Usefulness,
meaning the easier the MSWaMS robot is to operate, the greater the students' belief that it provides tangible
benefits in the learning process. Ease of use, such as intuitive navigation, fast sensor response, and clear
information displays, reduces technical barriers and reduces students' cognitive load when interacting with the
robot [45]. When students do not have to struggle to understand how the system works, they can focus more
on the robot's educational function: understanding the waste sorting process, recognizing waste types, and
increasing environmental awareness through hands-on experience. Thus, the perception that the robot is easy
to use automatically increases the belief that the robot is truly useful as an efficient learning tool and helps
them understand the concept of technology-based waste management.

This finding is consistent with numerous previous studies examining the adoption of educational
technologies and the implementation of automated systems in learning environments. [46] in a study of the use
of educational robots in schools, which showed that the easier the robot is to understand and control, the higher
the students' perception that the robot is beneficial in supporting the learning process. Furthermore, ease of
operation in Al-based learning platforms significantly increases perceived usefulness because users feel the
technology helps them learn faster and more effectively. The consistency of these findings reinforces that
Perceived Ease of Use is a crucial element in assessing the benefits of technology, including the MSWaMS
educational robot.

3.3.4. The Positive Influence of Perceived Ease of Use on Attitude Toward Using

The results demonstrate that perceived ease of use has a positive effect on attitude toward using the
technology. This indicates that greater ease in operating the MSWaMS robot contributes to the development
of more favorable student attitudes toward its application within learning activities. When students perceive
that the robot can be operated without difficulty, from menu navigation, sensor use, to understanding the waste
sorting workflow, they will have a pleasant and frustration-free interaction experience [47]. This ease of use
creates confidence and comfort in using the technology, leading to a higher level of acceptance. Consequently,
students’ perceptions regarding the ease of operating the MSWaMS robot play a crucial role in developing
favorable attitudes toward Al-driven learning technologies, since users generally show stronger acceptance and
preference for systems that minimize both technical complexity and cognitive demands.
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This finding is consistent with numerous earlier studies concerning the adoption of Al-driven
technologies and their application within educational settings. Research conducted by [48] states that ease of
use is an important predictor of user attitudes because a simpler experience increases liking and acceptance of
the technology. Furthermore, this study also shows that in the context of educational robot use, perceived ease
of operation increases students' positive attitudes because they perceive the technology as friendly and
enjoyable to learn. Therefore, the consistency of these findings strengthens that perceived ease of use not only
increases confidence in the robot's benefits, but also plays a key role in shaping students' positive attitudes
towards the use of the MSWaMS robot as an educational medium.

3.3.5. The Positive Influence of Perceived Usefulness on Attitude Toward Using

The results of the study indicate that Perceived Usefulness has a positive and significant effect on Attitude
Toward Using. This means that the greater the benefits students perceive from using the MSWaMS robot, the
more positive their attitudes toward the technology. When students perceive that the robot can improve their
understanding of waste management, enrich the interactive learning experience, and help them identify waste
types more quickly and accurately, they develop a more accepting and enthusiastic attitude toward using the
robot [49]. This perceived usefulness fosters the belief that the robot functions not only as an automatic waste
sorting tool but also as an educational tool that adds value to learning activities. Accordingly, perceived
usefulness serves as a key determinant in the formation of positive attitudes, as users are generally more
inclined to develop favorable perceptions toward technologies that improve the effectiveness and efficiency of
their learning experiences.

This finding is consistent with previous research emphasizing the central role of perceived usefulness in
influencing attitudes toward technology. Perceived usefulness is a key predictor of attitude formation because
users will prefer and accept technology that they perceive improves performance or learning outcomes.
Research by [31], also shows that across various educational technology contexts, perceived usefulness
consistently exerts a strong influence on positive user attitudes, as perceived benefits foster motivation and
preference for using the technology. Furthermore, this study also indicates that students who perceive
significant benefits from using robots are more open, enthusiastic, and supportive of the technology's
implementation in their learning environments. The consistency of these findings further strengthens the
argument that perceived usefulness functions as a crucial factor in influencing the development of positive
student attitudes toward the use of MSWaMS robots.

3.3.6. The Positive Influence of Attitude Toward Using on Behavioral Intention to Use

When students perceive the experience of interacting with robots as enjoyable, easy to understand, and
capable of supporting their learning activities, they develop a more accepting and open attitude toward the
continued use of the technology. This positive attitude stems not only from the robot's functional benefits but
also from the perception that the technology is relevant to their learning needs and provides a more modern
and engaging experience [50]. By developing a favorable attitude, students feel more confident and motivated
to continue using the robot in the future. This indicates that positive attitudes act as a significant psychological
basis for sustaining usage intentions, as individuals generally demonstrate stronger intentions to adopt and
continue using technologies that they perceive as beneficial, engaging, and easily integrated into their learning
activities.

This finding is consistent with numerous prior studies demonstrating that attitude toward use serves as a
major predictor of behavioral intention within technology acceptance frameworks such as TAM. Research by
[51] explains that a favorable attitude creates an internal drive that strengthens interest and preference for
continued use of the technology in daily activities. This study also found that students with positive attitudes
toward robots have a higher intention to engage in robotics-based learning activities. The consistency of these
findings further reinforces the results of this study, indicating that students’ favorable attitudes toward the
MSWaMS robot significantly enhance their intention to continuously adopt it as an educational tool and as a
supporting medium for waste management activities.

3.3.7. The Positive Influence of Perceived Usefulness on Behavioral Intention to Use

The findings of this study reveal that perceived usefulness has a positive and statistically significant effect
on behavioral intention to use, indicating that users’ perceptions of the benefits provided by the technology
serve as a crucial factor in influencing students’ intentions to continue utilizing educational robots such as
MSWaMS. When users perceive that technology provides tangible benefits, whether in the form of improved
conceptual understanding, efficiency in learning activities, or support for waste identification and management,
they will develop an internal drive to utilize the technology continuously [52]. The perception that robots can
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improve learning performance creates a belief that the technology is worth using, so that intention to use arises
not from coercion but from a cognitive evaluation that the robot provides substantial added value. Thus, these
findings confirm that the greater the level of perceived usefulness, the stronger the students' intention to use
the technology in learning contexts and other practical activities.

These research findings align with research conducted by [53], which states that perceived usefulness is
a powerful driver of user motivation to adopt technology because users are more likely to show greater interest
in systems that improve their work performance. This alignment with previous research findings strengthens
the argument that perceived usefulness not only increases initial acceptance of the MSWaMS robot but is also
a key determinant in shaping long-term usage intentions. Thus, Perceived Usefulness remains a key variable
bridging technology acceptance with its continued use in educational settings.

4. CONCLUSIONS

The results show that MSWaMS educational robot demonstrates an excellent level of functionality based
on the Blackbox Test results, with system validity exceeding 98% and only minor errors identified in a limited
number of sensor functions. Furthermore, analysis using the Technology Acceptance Model (TAM) through
SmartPLS reveals that perceived ease of use and perceived usefulness play important roles in shaping students’
attitudes and behavioral intentions to use the MSWaMS robot as a learning medium. Usability is confirmed as
a strong predictor of both perceived ease of use and perceived usefulness, which subsequently contribute to
students’ positive attitudes and intentions to continue using the robot for smart technology based educational
waste management.

However, among all structural relationships examined, the influence of perceived usefulness on attitude
toward using is identified as the weakest effect, although it remains positive and significant. This relatively
smaller influence indicates that once students reach a basic level of familiarity and confidence in operating the
MSWaMS robot, ease of use becomes a baseline expectation rather than a key determinant of attitude
formation. In contrast, students’ attitudes are more strongly shaped by perceived usefulness, particularly the
robot’s ability to enhance learning effectiveness, improve understanding of waste management concepts, and
deliver meaningful educational value. Overall, these findings confirm that while ease of use reduces technical
barriers, the integration of reliable technical performance and strong perceived benefits constitutes the main
foundation for increasing the adoption and sustained use of educational Al robots in educational environments.
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