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Abstract - Assessing students’ technological
creativity remains a challenge due to the absence of
standardized, product-based tools that capture both
characteristic indicators and creativity constituents.
Building on literature that emphasizes the need for
authentic, performance-based assessment, the study
developed and validated the Technological Creativity
Assessment Tool (TCAT) through a developmental
research design guided by the revised ADDIE
framework. It was hypothesized that TCAT would
demonstrate strong validity and reliability as an
assessment  instrument.  Implementation  testing
involved 260 purposively selected experts, teachers,
and students of science and technology-based courses,
who evaluated five student-developed projects. Six Al
programs also assessed TCAT and its validation
instrument. Reliability analysis using Cronbach’s
Alpha produced a coefficient of 0.92, confirming
internal consistency. ANOVA tests revealed no
significant differences in respondent assessments
across five characteristic indicators and three
technological constituents, with Bonferroni Post Hoc
tests supporting these findings. Automated assessments
likewise showed high reliability. Results affirm
TCAT’s validity and reliability as a product-based tool
for assessing technological creativity.
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Its applications extend to curriculum design and
institutional evaluation, offering a scalable model for
integrating authentic assessment practices in higher
education.
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1. Introduction

Teaching Science and technology-related courses
necessitates engaging learners in performance-based
and product-based learning activities, key elements
of Outcomes-Based Education (OBE). As the
prevailing theory for developing higher-order
thinking skills, OBE focuses on attaining learning
objectives from content and knowledge to student
learning outcomes, emphasizing observable and
measurable results that prepare students for life and
work in the 21st century [7], [22]. This learning
approach immerses students in the concepts being
studied. OBE is an avenue in teaching technological
creativity, ensuring that students effectively display
and demonstrate the desired learning outcomes at the
end of every significant learning experience. This
embodiment reflects their competence in using
content, information, ideas, and laboratory tools.
Teaching technological creativity [13], [30] through
product development prepares students to respond
creatively to the needs of various situations in the
course of daily life. Thus, creating an environment by
which teachers would bring the advantage for the
students to prepare themselves for society’s future
challenges and demands with improved problem-
solving skills and unlock their potential crucial for
survival in a challenging world [2], [4].

Creative teaching promotes creative learning [40].
This underscores the importance of teachers as prime
movers and the best example for students by
applying technological creativity in teaching and
designing classroom activities and projects.
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Such an approach encourages learners to pose
questions, identify problems and issues, and discuss
their thinking rather than merely focusing on rules,
procedures, and basic skills [9], [23]. The quality of
any teaching program cannot rise above the quality
of its teachers, as teaching is a highly individualized
activity encompassing a broad range of personalities
and behaviors where creativity applies the most
current theory and research to support teaching and
learning [24]. As an art, the student’s active role is
observed in the teaching they demonstrate through
the created, developed, or produced devices and
projects. Product development is a discipline that
requires creativity and a systematic approach to
guide the processes needed to get a new product for
an established purpose with five elements to
consider: identification of design criteria, idea
analysis, concept development, prototyping, and
product testing [34]. Accordingly, concept
development and testing are vital, while the idea,
concept, and product outputs must be tested on a true
user base. The feedback from the users served as
leverage to adjust and further develop the emerging
tool or device through feedback [31], hence the need
for an assessment tool for product-based assessment.

In classroom-based testing, the product-based
assessment tool is mainly in the form of teacher-
made rubrics. Such rubrics are deeply rooted in
educational theories emphasizing real-life application
or experiential learning and authentic evaluation of
students’ skills and knowledge. However, rubrics
have limitations as product-based assessment tools.
Students may not understand the criteria, which are
typically written in words, sometimes in symbols and
other “categorizations” that lack the necessary
attributes to represent the criteria or standards [32],
[27]. When used in assessing products, rubrics often
outline specific criteria that students must meet,
which, as a result, inadvertently restrict their creative
expression. This limitation is frequently observed
when students focus on ticking off rubric items rather
than exploring unique ideas or innovative solutions.
This leads to a short, if not lack, of originality and
diversity in the output products [19], [3]. In this era
of artificial intelligence (Al), preparing rubrics is a
less complicated task as S & T teachers can create
Al-assisted rubrics. With such limitations, rubric
items can only fail to describe the learners’ acquired
technological creativity, and Al programs cannot
assess the actual product.

Moreover, as digital technologies continuously
and rapidly evolve, the emergence of artificial
intelligence accelerates technological evolution at an
exponential rate, affecting how people live, work,
communicate, and create [34]; teachers must
embrace changes to direct, guide, and sway students
in adopting the same.
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In doing so, the teacher must be guided by an
assessment tool that can assess the product with
observable pieces of evidence and thereby disclose
the extent of application of principles in the product
to show the technological creativity of the students
and the inclination of the products in promoting
environmental preservation as promoted by United
Nation’s Sustainable Development Goals numbers 6,
13, 14, and 15 [35]. An assessment tool with
indicators that clearly define the product’s design,
materials used, functionality, usability, and safety
provisions is more apt and needed. Moreover, such
assessment tools can guide teachers to make teaching
and learning with students more creative, active, and
participative. By doing so, the researchers hoped to
offer an alternative tool for assessing students’
innovative products and devices and reveal how
technological creativity is taught, transferred, and
evaluated based on tangible outputs.

1.1. Framework for the Development of Technological
Creativity Assessment Tool (TCAT)

Success in teaching science and technology
concepts depends to a large extent on the teacher’s
scientific and technological competence [20]. Some
teachers believe that the teaching-learning situation
could be best enhanced if one utilizes his scientific
idea and technological creativity to develop a
functional and practical device or project. By setting
an example, technically called modeling, students
would be encouraged to create their own devices or
products to express and visualize their creative ideas
of the subject content through product development
under the watchful guidance of the teacher. These
developed innovative products must be assessed
using a tool that will clearly describe every aspect
and detail of the product, which consequently reveals
the students’ technological creativity level.

The development of TCAT as a product-based
assessment tool for assessing output products and
devices and students’ technological creativity
followed the revised ADDIE Framework, as shown
in Figure 1. The ADDIE as a framework, which is
the acronym for analysis, design, development,
implementation, and evaluation stages, is a
foundational framework in instructional design [5]
defining a process approach to creating effective
educational and training programs. It was developed
in the 1970s by the Center for Educational
Technology at Florida State University. The United
States Army initially used it until it became a proper
development framework in education.
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Figure 1. The revised ADDIE Framework for TCAT

1.1.1. Analysis and Needs Assessment

There are several assessment tools for creativity,
including standardized tests and questionnaires. The
Torrance Tests of Creative Thinking (TTCT) and
Guilford’s Alternative Uses Tests (AUT) are popular
tools for assessing fluency, flexibility, originality,
and elaboration of creative products. For ICT tools,
assessment can be done wusing Slido, Prezi,
Wordclouds, Plot Generator, Stellar, or Canva.
Teacher-made rubrics are often used for S & T
products developed and submitted by students.
However, rubrics provide limited indicators, which,
in most cases, delimit the students’ actions toward
the development of an *“out-of-the-box” project.
Thus, there is a need to develop an assessment tool
that can fully describe the characteristics of students’
output engaged in product-based performance tasks.
Such assessment tool demonstrates the level of
technological creativity learned by the students as
demonstrated by the products.

1.1.2. Design and Development

The assessment tool proposed in this paper can
assess the physical characteristics of the developed
product or device and, therefore, can reveal the level
of technological creativity of students. The proposed
assessment tool is called the Technological Creativity
Assessment Tool (TCAT) and is comprised of two
parts. Part | of the tool contains descriptions of the
physical characteristics of the developed or
innovative products of students enrolled in
technology and science-related courses.

1550

The physical characteristics of the product include
but are not limited to factors such as the product’s
design, materials used, functionality, usability, and
safety provision. Each characteristic is described by
indicators composed of not less than 3 item
descriptors depending on the need to define the
product, and each descriptor requires evidence. The
itemized descriptors for identified indicators are rated
using a 1 to 3 Likert Scale. A rate of 3 is equivalent
to very good, very functional, very usable, or very
safe, which means that the device fully meets the
intended evidence of the indicator. A rating of 2
indicates that the product is good, functional, usable,
or safe, which means that the device partially meets
the intended evidence of the indicator. In contrast, a
rate of 1 means not good, functional, usable, or
unsafe, which indicates that the device failed to meet
the evidence of the indicator.

Part Il of TCAT contains constituents of
technological creativity such as inclination,
capability, and learning engagement. Each

constituent is expressed in no less than 3 item
descriptors. The teaching of technological creativity
[31] can be expressed in terms of two constituent
factors, namely, Technological Creativity Inclination
(TCl) and Technological Creativity Capability
(TCC). In the case of TCAT, Technological
Creativity Learning Engagement (TCLE) was
included since the assessment tool is intended to
assess the material outputs developed or innovated
by students.
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Technological Creativity Inclination (TCI) is
expressed using indicators such as novelty,
ingenuity, practicality, flexibility, and challenge,
while TCC is described by indicators describing the
procedures and steps to which the product underwent
a process from conceptualization, and then planning,
execution, fabrication, application, and evaluation,
[18]. The TCLE determines student’s level of
psychomotor, cognitive, and agentic engagement as
demonstrated by the product. Each indicator is
described and requires evidence. The level of
technological creativity expressed in identified
constituents is then represented using a 1 to 3 Likert
Scale. A rating of 3 means that the device and its
development fully promote technological creativity
constituents; 2 means that the device and its
development  partially promote technological
creativity constituents; and one means that the device
and its development do not promote technological
creativity constituents.

The TCAT does not delimit the users, especially
the teachers, in including more product
characteristics, indicators or constituents as long as
such addition is deemed necessary, relevant and can
be defined by evidences. The Likert scale may also
be adjusted such that the teacher is encouraged to
adapt flexibility.

1.1.3. Implementation for Enhancement

For the implementation test, the developed TCAT
assessed five devices and products of students at
NEUST and UNIPMA. A total of 260 respondents
participated, composed of 25 engineers who are
experts in product development, 25 teachers, and 210
students of science and technology-related courses.
The results of the implementation test served as the
basis for revisions and enhancement of the
assessment tool.

1.1.4. Evaluation for Validation

The implementation of the developed TCAT
yielded information and feedback, which led to the
final structure and contents of the tool. The
developed TCAT was then subjected to content, face,
and construct validation, engaging professors of
Research and Assessment of Learning courses in
Nueva Ecija University of Science and Technology
(NEUST) in the Philippines and Universitas PGRI
Madiun (UNIPMA) in Indonesia. For this purpose, a
validation instrument was developed. The validation
results provided further feedback, which was
incorporated into the design and content development
of the tool and led to the enhancement and
finalization of the Technological Creativity
Assessment Tool (TCAT).
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In this era of artificial intelligence, the TCAT and
its validity instrument were subjected to six (6) Al
programs for evaluation and validation.

2. Methodology

This part outlines the research design, procedures,
validation process, and analytical techniques
employed to address the study’s objectives. It
describes the participants, instruments, and methods
of data collection and analysis to ensure transparency
and validity of the findings.

2.1. Method of Research

A developmental method of research focused on
product development was utilized in this study.
Product developmental research examines and
focuses on the strategies, processes, and
methodologies involved in creating new or refining
and recreating existing products, exploring
innovation, market adaptation, and the integration of
technology to enhance product effectiveness [33],
[21]. Product developmental research is a method
that focuses on the progressive changes that occur.
Thus, it is a discipline that requires creativity shown
in five elements, namely: concept, idea analysis,
design, prototyping, and product testing. In the case
of the product at hand, the researcher developed and
constructed a Technological Creativity Assessment
Tool (TCAT), which conformed with the five
elements of product development and was guided by
the revised ADDIE Framework.

2.2. The Respondents and Sampling Techniques

Three sets of human and six automated
respondents evaluated and validated the developed
Technological Creativity Assessment Tool (TCAT).
In the academe, the pilot testing involved purposively
selected 260 teachers, experts, and students of
science and technology courses in NEUST and
UNIPMA. These respondents utilized the TCAT
during its implementation phase. They assessed five
devices developed and submitted by students,
namely: Improvised Coconut Shell Electric
Calorimeter, Plastic Grinding Machine,
Multifunctional Plastic Melting Device, Multi Facets
Plastic Molding Device, and Multifunctional
Coconut Meat Processor. The engineer experts and
teacher respondents were selected based on their
specialization and expertise in teaching science and
technology-related courses and their history of
product development activities. The student
respondents were those enrolled in science and
technology-based courses.
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2.3. The Instrument for Testing the Validity of the TCAT

The instrument used in evaluating the TCAT was
validated by the Graduate School and College of
Education faculty members assigned to teaching
Assessment of Learning and Research professors
with decades of teaching experience. The validation
instrument was assessed in terms of content,
construct, and face validity. A 1 to 3 Likert scale was
used to express the extent of validity of TCAT as a
product-based assessment tool and has the following
descriptors: 3 means that the descriptors fully
establish validity, 2 means the descriptors partially
establish that validity, and 1 means that the
descriptors do not establish validity. Using
Cronbach’s Alpha, the reliability coefficient of 0.92
for the validity instrument was established.

2.4. The Automated Assessors

The six (6) Al programs were among the
commonly used programs by teachers and students in
the two universities. The automated evaluators
include Al programs named Copilot, Perplexity,
Gemini Al, Blackbox Al, Chatbots, and Galaxy Al.
These algorithmic assessors assessed TCAT as a
product-based assessment tool and the validation
instrument for TCAT within the parameters
identified by the Al programs, including accuracy,
scalability, reliability, validity, and ease of use.

2.5. Procedure of the Study

The development of the TCAT underwent the
following procedure as defined by the ADDIE
framework.

The analysis of the prevailing conditions, which
clearly defined the research gap, resulted in the need
to develop an assessment tool that will assist teachers
of science and technology-related courses in
assessing the developed or innovative products and
devices submitted by students. Such a tool is aimed
at qualitatively describing and quantitatively rating
the products and assessing the level of technological
creativity developed in students.
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The design and development of the TCAT as a tool
were based on the need to provide an alternative tool
for assessing the products submitted by students.

The tool was designed to qualify and quantify the
characteristics of the product. Each characteristic was
defined by not less than three (3) descriptors, and
each descriptor is rated using a 1 to 3 Likert scale
where 3 is the highest and 1 being the lowest. The
rating is based on the extent to which the required
evidence/s is met. The same tool was designed to
describe the level of technological creativity attained
by the students as demonstrated by the submitted

product.  Three  constituents  express  such
technological  creativity level:  Technological
Creativity  Inclination  (TCI),  Technological

Creativity Capability (TCC), and Technological
Creativity Learning Engagement (TCLE). No less
than 3 indicators define each constituent, and each
indicator is rated using a 1 to 3 Likert scale where 3
is the highest and 1 is the lowest rate.

The TCAT as an assessment tool
implemented, and the pilot test was performed.

The TCAT was evaluated as an assessment tool in
assessing the products submitted by students using a
validation instrument.

was

2.6. Data Analysis

The TCAT as a tool was utilized by the groups of
students, teachers, and experts who assessed five
products submitted by student researchers. The
ratings of the three groups of assessors were
tabulated, and weighted means (WM) were
computed. In comparing the assessments of the
students, teachers, and experts for the 5 sample
products/devices, the analysis of variance and
Bonferroni post-hoc analysis were used.

To compare the assessments made by the six Al
programs that evaluated TCAT as an assessment tool
and the validation instrument, Analysis of Variance
(ANOVA) for independent variables was used and
results were verified using Bonferroni post-hoc
analysis. All statistical computations were carried out
using SPSS v.20.
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3. Results

The findings and results of the study were
presented in the following tables:

Table 1. ANOVA test analysis on the Assessments of Experts, Teachers and Students on the Characteristic Indicators of

Five Products using TCAT

Product Characteristic Indicators Sum of Squares df Mean Square F Sig.
Product Design Between Groups .002 2 .001
i 442 .656
Within Groups .025 9 .003
Total .028 11
Materials Used Between Groups 021 2 011
Within Groups .065 6 011 .967 432
Total .086 8
Functionality Between Groups .003 2 .002
Within Groups 131 6 .022 074 930
Total 134 8
Usability Between Groups .055 2 .027
Within Groups 117 9 .013 2.091 .180
Total 172 11
Safety Provisions | Between Groups .002 2 .001
Within Groups 112 9 012 .097 .909
Total 114 11

The analysis of variance (ANOVA) results shown
in Table 1 indicate no statistically significant
differences among students, teachers, and experts in
their evaluations of the five key characteristic
dimensions:  product design, materials used,
functionality, usability, and safety provisions. Across
all these dimensions, the p-values associated with the
F-tests were substantially greater than the
conventional threshold of 0.05, suggesting that any
observed differences in mean scores among the
groups were due to random variation rather than
actual perceptual divergence. For instance, in the
product design evaluation, the F-value was 0.442
with a p-value of 0.656, while for materials used, the
F-value was 0.967, and the p-value was 0.432. The
functionality assessment found the lowest F-value (F
= 0.074, p = 0.930), reflecting minimal variability
between the groups which can be explained by recent
studies [38], [26] emphasizing the importance of
functionality validation in product design, which
usually differs between technical experts and users.
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The safety provisions in product design are vital
in ensuring the safety of users [38], emphasizing the
role of precise instructions, labeling, and
precautionary measures. Different user groups may
perceive safety differently, which aligns with the
slight variations observed in the ratings.

Although usability yielded the highest F-value
(2.091), its p-value of 0.180 remained non-
significant, indicating that the difference was not
statistically meaningful. This could imply differences
in the perceived use of the design among evaluators,
with experts emphasizing the importance

of design clarity, material selection, and
functional connectivity in product development [24],
[28]. While teachers and students focus on perceived
adaptability and educational value, experts eyed the
critical role of design integration and the source of
eco-friendly materials used to ensure product
functionality and user satisfaction.
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Table 2. Bonferroni Post Hoc test analysis of multiple comparison on Assessments of Experts, Teachers and Students on

Product Characteristic Indicators of Five Devices using TCAT

Dependent ()] ) Mean Std. Sig. 95% Confidence Interval
Variable Grouping Grouping Difference (1-J) Error Lower Bound = Upper Bound
Product Students Teachers -.01500 .03734  1.000 -.1245 .0945
Design Experts -.03500 .03734  1.000 -.1445 .0745

Teachers Students .01500 .03734  1.000 -.0945 1245

Experts -.02000 .03734  1.000 -.1295 .0895

Experts Students .03500 .03734  1.000 -.0745 .1445

Teachers .02000 .03734  1.000 -.0895 .1295

Materials Students Teachers -.11667 .08524 .660 -.3969 .1636
Used Experts -.07667 .08524 = 1.000 -.3569 .2036
Teachers Students 11667 .08524 .660 -.1636 .3969

Experts .04000 .08524 = 1.000 -.2402 .3202

Experts Students .07667 .08524 = 1.000 -.2036 .3569

Teachers -.04000 .08524 = 1.000 -.3202 .2402

Functionality Students Teachers -.04000 12046~ 1.000 -.4360 .3560
Experts .00000 12046 ~ 1.000 -.3960 .3960

Teachers Students .04000 12046 1.000 -.3560 4360

Experts .04000 12046 ~ 1.000 -.3560 4360

Experts Students .00000 12046 ~ 1.000 -.3960 .3960

Teachers -.04000 12046 ~ 1.000 -.4360 .3560

Usability Students Teachers .07500 .08079 1.000 -.1620 .3120
Experts .16500 .08079 215 -.0720 4020

Teachers Students -.07500 .08079 1.000 -.3120 .1620

Experts .09000 .08079 .883 -.1470 .3270

Experts Students -.16500 .08079 215 -.4020 .0720

Teachers -.09000 .08079 .883 -.3270 1470

Safety Students Teachers .03000 .07881 1.000 -.2012 2612
Provisions Experts .00000 .07881 = 1.000 -.2312 2312
Teachers Students -.03000 .07881 1.000 -.2612 2012

Experts -.03000 .07881 = 1.000 -.2612 .2012

Experts Students .00000 .07881 = 1.000 -.2312 2312

Teachers .03000 .07881 1.000 -.2012 .2612

Complementing the ANOVA findings, the
Bonferroni Post Hoc test shown on Table 2 further
confirmed the lack of significant pairwise differences
between any two groups across all dimensions. All p-
values from the pairwise comparisons were greater
than 0.05, with many equal to 1.000, and the 95%
confidence intervals for all mean differences
included zero. This suggests no specific group pairs
had statistically significant disagreements in their
evaluations. The most considerable observed mean
differences were between students and experts for
materials used (mean difference = -0.077) and
usability (mean difference = -0.165). However, these
values were still statistically non-significant and did
not indicate meaningful perceptual gaps.
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The convergence in the assessments of students,
teachers, and experts suggest a strong alignment in
how the groups of assessors assess technological
products using TCAT, which may be attributed to the
clarity and universality of the criteria. This finding is
aligned with user-centered design principles, in
which the effective design should meet the needs and
expectations of all user groups. From a practical
standpoint, the results imply that the instrument used
in evaluating the products is acceptable and
perceived consistent across stakeholders, enhancing
its potential for implementation and cross-context
adoption. While the absence of statistically
significant differences suggests consensus, further
qualitative research may help uncover subtle
differences in expectations or preferences that are not
easily captured through quantitative measures.
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Table 3. ANOVA test analysis on Assessments of Experts, Teachers and Students on Technological Creativity
Constituents demonstrated by Five Sample Products using TCAT

Technological (TC) Constituents

TC Between Groups .003
Inclination Within Groups .254
Total 257

TC Capability Between Groups .002
Within Groups 115

Total 117

TC Between Groups 011
Learning Within Groups .015
Engagement Total .026

Table 3 presents the results of the ANOVA test
analysis comparing the assessments of experts,
teachers, and students across three dependent
variables: TCI (Teacher-Student Communication
Index), TCC (Teacher Classroom Control), and
TCLE (Teacher Classroom Learning Environment).

For TCI, all pairwise comparisons yielded non-
significant results (p = 1.000), suggesting no
statistically significant differences in the assessments
of students, teachers, and experts. The mean
differences are marginal, and the 95% confidence
intervals for all three comparisons span zero,
indicating a high degree of commonness in
evaluations. Recent research [30] supports these
findings, indicating that creativity evaluation varies
across user groups, with novelty and challenge
perceived differently depending on expertise level.

Similarly, the results for TCC indicate no
significant differences across the three groups. Each
comparison yields a p-value of 1.000; again, all
confidence intervals include zero. These findings
suggest uniform perceptions of students, teachers,
and experts, implying a homogenized assessment.
The device effectively promotes Technological
Creativity Capability (TCC) across all evaluators.
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Sum of Squares Df

Mean Square F Sig.
2 .002
12 .021 .076 927
14
2 .001
15 .008 104 .902
17
2 .005
6 .002 2.157 197
8
Experts provided consistently high ratings,
particularly in conceptualization, planning, and

fabrication, emphasizing its strong creative and
technical potential [30]. Teachers rated planning,
application, and evaluation lower, suggesting that
practical implementation and assessment could be
improved [36].

However, in the domain of TCLE, although no
comparisons reached statistical significance at the p
< 0.05 level, there are notable trends worth
discussing. The comparison between students and
experts produced a mean difference of 0.06333 with
a p-value of 0.511, and the confidence interval (-
0.0703 to 0.1969) approaches a potential practical
difference, though not statistically significant.
Similarly, the difference between experts and
teachers (mean = -0.08000, p = 0.290) indicates a
perceptual discrepancy, albeit not statistically
verified. These trends suggest a potential divergence
in perceptions considering between those engaged in
direct teaching (teachers and students) and external
evaluators (experts). Although these results are not
statistically significant, they may reflect emerging
perceptual gaps that warrant further investigation
with  larger sample sizes or alternative
methodologies.
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Table 4. Bonferroni Post Hoc Analysis of Multiple Comparison on Assessments of Experts, Teachers and Students on
Technological Creativity Constituents of Six Products using TCAT

Dependent () Grouping = (J) Grouping Mean Std. Error  Sig. 95% Confidence Interval
Variables Difference (I-J) Lower Bound Upper
Bound

TC Inclination Students Teachers -.03000 .09197 1.000 -.2856 .2256
Experts .00200 .09197 1.000 -.2536 .2576

Teachers Students .03000 .09197 1.000 -.2256 .2856

Experts .03200 .09197 1.000 -.2236 .2876

Experts Students -.00200 .09197 1.000 -.2576 .2536

Teachers -.03200 .09197 1.000 -.2876 .2236

TC Capability Students Teachers -.02000 .05060 1.000 -.1563 1163
Experts -.02000 .05060 1.000 -.1563 1163

Teachers Students .02000 .05060 1.000 -.1163 1563

Experts .00000 .05060 1.000 -.1363 .1363

Experts Students .02000 .05060 1.000 -.1163 .1563

Teachers .00000 .05060 1.000 -.1363 .1363

TC Learning Students Teachers -.01667 .04064 1.000 -.1503 1169
Engagement Experts .06333 .04064 511 -.0703 .1969
Teachers Students .01667 .04064 1.000 -.1169 .1503

Experts .08000 .04064 .290 -.0536 .2136

Experts Students -.06333 .04064 511 -.1969 .0703

Teachers -.08000 .04064 .290 -.2136 .0536

The Bonferroni-adjusted Post Hoc analyses
revealed in Table 4 show no statistically significant
differences among the groups across the three
constructs; the consistent non-significance in TCI
and TCC suggests a strong alignment of perceptions
in those areas. In contrast, the non-significant but
suggestive trends in TCLE imply that experts may
evaluate the classroom learning environment
differently from those within the classroom. Experts
and teachers considered cognitive engagement the
highest, indicating strong support for the ability of
the device to enhance critical thinking and problem-
solving [13].

At the same time, students suggest that they find
the device motivating for active participation and
creativity [8] implying potential improvements in
fostering student autonomy and initiative.

The differences in assessment indicate differences
in evaluative criteria or theoretical versus practical
understandings of effective learning environments.
Future research may benefit from qualitative
triangulation to contextualize these quantitative
patterns and uncover the nuanced factors underlying
these perceptual alignments and divergences.

Table 5. Assessment results of Six Al programs on TCAT as a Product-Based Assessment tool

Characteristics set Copilot Galaxy Al Blackbox Perplexity Chatbots Gemini Al
by Al Program Rating Rating Al Rating Rating Rating Rating

Accuracy 90% 85% 85% 80% 90% 80%
Scalability 85% 80% 75% 85% 85% 85%
Reliability 88% 75% 80% 75% 88% 75%

Validity 90% 85% 90% 90% 92% 90%
Ease of use 92% 90% 70% 90% 80% 90%

Average 89% 83% 80% 84% 87% 84%

The ratings of the six Al programs as revealed in
Table 5 shows that Copilot and Gemini Al
consistently outperform other programs in accuracy,
validity, and reliability, making the TCAT a strong
contender as an assessment tool. While scalability
ratings remain relatively stable across most Al
programs, the rating of Blackbox Al falls behind in
ease of use. Literature supports these findings,
emphasizing the necessity of accuracy, usability, and
validity in Al-driven assessments [11], [39].
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The wvariations in ratings suggest areas for
improvement in scalability and usability, reinforcing
the importance of refining Al evaluation models to
ensure consistency in assessments [1].

Furthermore, the high reliability and validity
ratings of TCAT suggest that it is an effective and
consistent assessment tool for evaluating student-
submitted products. Reliability (88% for Copilot and
Gemini  Al) indicates that TCAT can provide
consistent results across different assessments,
ensuring repeatability in grading standards.

TEM Journal —Volume 15 / Number 2 / 2026.




TEM Journal. Volume 15, Issue 2, pages 1548-1560, ISSN 2217-8309, DOI: 10.18421/TEM152-49, May 2026.

Meanwhile, validity scores (92% for Gemini Al
and 90% for Copilot) confirm that TCAT accurately
measures the intended characteristics of the products,
demonstrating alignment between assessment criteria
and actual product quality. Validity ratings confirm
that TCAT accurately measures technological
creativity, ensuring alignment between assessment
criteria and product quality [17], [37]. However,
lower reliability ratings from Perplexity and Chatbots
(75%) highlight potential inconsistencies, meaning
specific Al programs may introduce variability in
grading precision.

Research [10], [1] support the importance of
reliability and validity in Al-assisted assessment
tools, which emphasize that Al assessment models
must balance reliability with validity to ensure
credible educational assessment and [16] argue that
adaptive Al learning tools require high validity to
accurately assess student performance while
maintaining consistent results across different
implementations. These findings reinforce that
TCAT, despite some variations in Al performance, is
well-structured to support fair and reliable student
assessment while requiring ongoing refinement to
ensure consistency in different Al applications.

Table 6. ANOVA test analysis on Assessments of Six Al programs on TCAT as Product-Based Assessment tool

Indicators

Product Characteristic
Indicators

Between Groups
Within Groups
Total

Technological Between Groups

Creativity Constituents

The statistical analysis presented in Table 6
evaluates the comparison between the assessments of
six artificial intelligence (Al) programs - Galaxy Al,
Blackbox Al, Copilot, Perplexity, Chatbots, and
Gemini Al - based on two key constructs from the
Technological Creativity Assessment Tool, namely
Product/Device Indicators and  Technological
Creativity Constituents. The one-way Analysis of
Variance (ANOVA) test results indicate no
statistically significant differences in the assessments
made by six Al programs. Specifically, the ANOVA
for Product/Device Indicators yielded an F-value of
1.421 and a p-value of .253.

Sum of Df Mean F Sig.
Squares Square

247.500 5 49.500

836.000 24 34.833 1.421 .253
1083.500 29

210.167 5 42.033 1.761 159

At the same time, Technological Creativity
Constituents showed an F-value of 1.761 and a p-
value of .159. These p-values exceed the
conventional alpha level of 0.05, indicating that the
observed differences in mean performance across the
six Al systems are not statistically meaningful.

Despite the lack of statistical significance, the
comparisons offer more profound insight into
potential practical differences among the Al tools.
For Product/Device Indicators, the most considerable
mean difference was observed between Copilot and
Blackbox Al (mean difference = -9.000), although
this result did not reach significance (p = .359).

Table 7. Assessment results of Six Al programs on the Validity instrument designed for TCAT

Copilot Galaxy Al Blackbox Al Perplexity Chatbots Gemini Al
Rating Rating Rating Rating Rating Rating
Accuracy 88% 85% 85% 85% 85% 86%
Scalability 80% 75% 75% 80% 75% 77%
Reliability 85% 90% 80% 80% 75% 80%
Validity 88% 85% 90% 86% 85% 95%
Ease of use 87% 88% 88% 90% 90% 95%
Average 85.6% 84.6% 83.6% 84.2% 82% 86.6%

The automated assessments of six Al programs
shown in Table 7 highlight accuracy, scalability,
reliability, validity, and ease of use differences.
Copilot excels in its assessment of accuracy (88%)
and validity (88%), making the instrument effective
for precision tasks, aligning with research findings
that emphasize [29], [15] Al’s role in improving
program evaluation. Galaxy Al stands out in
reliability (90%) but falls behind in scalability (75%),
reflecting insights on the need for consistent system
performance in Al applications [14].
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Blackbox Al shows strong validity (90%) but
lower reliability (80%) and scalability (75%),
indicating challenges in broader implementation.
Perplexity balances performance well, with high ease
of use (90%), making it accessible for various users.
Chatbots demonstrate strong ease of use (90%) but
lower reliability (75%), suggesting potential
limitations in long-term consistency. Gemini Al
leads in validity (95%) and ease of use (95%),
supporting the argument that reliability and
accessibility enhance the effectiveness of the
instrument [14].
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The comparison underscores that while Al
models exhibit strengths in specific areas, a balance
between scientific rigor, technological adaptability,
and user experience is crucial for optimal Al
integration.

Table 8. ANOVA analysis on Automated Assessments of Six Al programs on the Validity instrument designed for TCAT

Sum of Squares Df Mean Square F Sig.
Between Groups 63.767 5 12.753
Within Groups 857.600 24 35.733 .357 .873
Total 921.367 29

The analysis of variance (ANOVA) conducted to
evaluate the differences in assessment validity among
six artificial intelligence (Al) programs - Copilot,
Galaxy Al, Blackbox Al, Perplexity, Chatbots, and
Gemini Al - shown in Table 8 reveals no statistically
significant differences in their performance. The
ANOVA results [F(5, 24) = 0.357, p = 0.873] suggest
that there is no significant variance in assessment
validity between the Al tools, as the p-value far
exceeds the standard threshold of significance
(typically p < 0.05). This outcome indicates a high
likelihood that any observed differences in means are
due to random variation rather than systematic
differences among the Al systems. Accordingly, a
high p-value in ANOVA implies that the null
hypothesis cannot be rejected, meaning the groups
are statistically similar. When the p-value exceeds
0.05, the observed differences are insignificant
enough to warrant further investigation [6].

Further, the Post Hoc Bonferroni multiple
comparisons analysis corroborates the ANOVA
results. All pairwise comparisons among the Al tools
show non-significant differences, with p-values of
1.000 across all groupings. The 95% confidence
intervals for each mean difference include zero,
confirming the absence of statistically meaningful
differences. For instance, the most significant
observed mean difference between Gemini Al and
Chatbots (mean difference = 4.60000) still yields a p-
value of 1.000, with a confidence interval spanning
from -7.7188 to 16.9188, clearly crossing zero. This
trend is consistent across all comparisons, indicating
homogeneity in assessment validity across the Al
systems evaluated. These findings suggest that,
within the context and criteria of the study, all six Al
tools perform comparably in terms of assessing the
validity instrument. At the outset, future research
could further explore potential nuances in
performance under different contextual conditions or
with alternative validity metrics to strengthen the
robustness and generalizability of these findings.
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4. Discussions

All data presented in the analyses of results
revealed a comprehensive evaluation of the design,
material used, functionality, usability, and safety of
the products based on expert, teacher, and student
assessments. The findings suggest strong overall
ratings, with most indicators adjudged as very good,
useful, functional, and safe. However, slight
variations in ratings indicate differences in
perception across evaluator groups, and such
variation was ruled out by the ANOVA test and
confirmed by the Bonferroni Post Hoc Test that such
differences are not significant. Specifically, experts
emphasized design clarity, material selection and use,
[38], while teachers and students are focused on
usability of the product or device in classroom setting
and educational value. Material accessibility,
sustainability, and affordability were highly rated,
particularly by students [28], [25], reinforcing the
significance of cost-effective product. Functionality
evaluations showed minor variation concerns among
the groups, supporting [26] the notion that technical
experts prioritize precision, while users focus on
practicality. Usability ratings highlighted the
importance of clear labeling and intuitive design
[24], while safety assessments underscored the need
for detailed instructions and precautionary measures
[33].

Results also highlighted a few differences in the
assessment of Technological Creativity (TCI),
Technological Creativity Capability (TCC), and
Technological Creativity Learning Engagement
(TCLE) among experts, teachers, and students. TCI
received strong ratings, with experts emphasizing
novelty, while TCC was consistently rated high,
particularly in conceptualization and fabrication, [30]
highlighting the significance of structured creative
development. TCLE showed strong engagement
levels, with experts and teachers rating cognitive
engagement highest, supporting [13] the role of
critical  thinking. Meanwhile, students favored
agentic engagement, reflecting on motivation-driven
learning [8].
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The wvariations underscore how user groups
prioritize engagement in technological education. As
such, the ANOVA test and Bonferroni Post Hoc
analysis showed that differences are not significant.

The assessment of six Al programs on TCAT as a
tool (Copilot, Galaxy Al, Blackbox Al, Perplexity,
Chatbots, and Gemini Al) highlights varying
performance levels of TCAT as a product-based
assessment tool across five parameters, namely,
accuracy, reliability, validity, scalability, and ease of
use. Copilot and Gemini Al consistently excel in
reliability (88%) and validity (90-92%), making
TCAT a highly acceptable product-based
assessments [11] emphasizing the importance of
assessment accuracy in education. Blackbox Al
struggles with ease of use, underscoring accessibility
concerns [38] for improved usability. Difference in
reliability ratings given by Perplexity and Chatbots
(75%)  suggest  slight  potential grading
inconsistencies, demonstrating the need for further
calibration of the instrument for sustainability of use.
Research highlights the necessity of balancing
reliability and validity in assessments, ensuring
credible and fair student evaluations across various
Al applications [10], [12].

On the validity instrument, the assessment of six
Al programs highlights the effectiveness and
consistency of TCAT in evaluating student’s
technological creativity. Reliability scores indicate
strong dependability, with Copilot (89%) and
Blackbox Al (85%) performing well, while
Perplexity and Chatbots (75%) show variability in
assessment precision. Validity ratings confirm the
accuracy of TCAT, with Gemini Al (92%) and
Copilot (90%) leading, ensuring alignment between
assessment criteria and product quality [17], [37].
Accuracy remains a strength, with Copilot (89%) and
Blackbox Al (88%) outperforming other models.
However, Gemini Al (75%) scored lower, indicating
room for improvement in precision. Scalability
ratings (80-88%) suggest the adaptability of TCAT,
making it suitable for large-scale assessments.
Meanwhile, ease of use varies, with Copilot (85%)
and Galaxy Al (90%) excelling, while Blackbox Al
and Perplexity (75%) highlight usability concerns,
reinforcing the need for intuitive Al interfaces [10],
[16].

5. Conclusions

This study developed and validated the
Technological Creativity Assessment Tool (TCAT)
using a developmental research design guided by the
revised ADDIE framework. Findings showed that
TCAT is a highly reliable and valid product-based
assessment instrument, consistently producing strong
ratings across key evaluation criteria as assessed by
both human experts and Al programs.
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Reliability scores, including a Cronbach’s Alpha
of 0.92, confirmed internal consistency, while
ANOVA and Bonferroni Post Hoc tests revealed
constancy in assessments across characteristic
indicators and technological constituents. Automated
evaluations further reinforced TCAT’s dependability,
showing alignment with human judgments and
confirming its adaptability for large-scale use.

The research posts several benefits: TCAT offers
accessibility through its intuitive interface, credibility
as a standardized tool, and scalability across diverse
educational contexts. Its integration of Al-assisted
validation highlights the potential of combining
human expertise with machine intelligence to
enhance assessment precision. Nonetheless, slight
variability in ratings suggests areas for refinement,
particularly in calibrating indicators to ensure greater
precision across varied project types.

Beyond its immediate contributions, TCAT
advances the discourse on unlocking students’
creativity in the age of artificial intelligence. By
providing authentic, product-based assessment, it

supports  innovation  while  aligning  with
contemporary demands for performance-based
assessment.  Future research  should explore

longitudinal applications, integration with adaptive
Al systems for real-time feedback, and cross-cultural
validation. TCAT thus represents a significant step
toward sustainable, equitable, and scalable creativity
assessment in higher education.
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