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field of composite materials mechanics at the undergraduate level. The primary
objective is to develop a tool that serves as a learning aid, allowing students to
focus more on the fundamental concepts behind problems rather than being
overwhelmed by complex equations and lengthy arithmetic operations.
Utilizing Microsoft Excel, a specialized calculator was developed to handle
intricate calculations involved in micromechanics and macromechanics of
composite lamina and laminates. The calculator’s accuracy was pre-tested
before being deployed to the target students enrolled in the course. Students
were then tasked with solving a set of problems both manually and using the
calculator to evaluate its efficiency. Results showed that the calculator
significantly improved students’ performance, reducing average solution times
by nearly 50% for simpler tasks and over 60% for more complex problems. It
also proved to be a valuable educational tool, aiding in conceptual
understanding and manual calculation verification.
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Introduction

In the undergraduate course Mechanics of Composite Materials in Universiti Teknologi
MARA with course code MEC613, various formulas and material parameters are used to
calculate the mechanical properties, strength, and responses of a lamina. The complexity of
these calculations, involving numerous numerical values, can be time-consuming. Students
often need to refer to textbooks to identify the necessary formulas, making the process less
efficient (Savage, 2008).

In mechanics of composite materials, a lamina, also referred to as a ply, is a single layer of
unidirectional fibers or woven fabric embedded in a matrix. The lamina exhibits orthotropic
material properties, with its principal material axes defined along three directions: the
longitudinal direction (aligned with the fibers), the in-plane transverse direction (perpendicular
to the fibers within the plane), and the out-of-plane direction (normal to the lamina). These
axes are conventionally denoted as 1, 2, and 3, respectively (Gay et. al., 2002).

Meanwhile, a laminate consists of multiple laminae (or plies) stacked in different orientations,
with variations in thickness and material properties. Since the principal material axes differ
between plies, laminates are typically analyzed using a fixed coordinate system (x, y, z) for
consistency. Hybrid composites, specifically interply hybrid composites, incorporate plies
made of two or more different materials, such as glass/epoxy, carbon/epoxy, and aramid/epoxy,
arranged in a specific stacking order. Composite laminates are classified based on the number,
type, orientation, and stacking sequence of their plies. The layup refers to the overall
configuration of the laminate, specifying ply composition, while the stacking sequence
provides the precise order and positioning of each ply (Gay et. al., 2002).

The above explanation highlights the foundational concepts of lamina and laminate mechanics,
which inherently involve numerous variables, complex material behaviors, and coordinate
transformations which are concepts that must be learned by students and effectively taught by
instructors. These principles translate into lengthy calculations, intricate equations, and
detailed arithmetic procedures, posing significant challenges for students in learning the
mechanics of composite materials. Consequently, mastering both the theoretical and
computational aspects becomes a demanding task that often hinders learning efficiency. One
significant issue is the complexity of calculations, which can overwhelm students, resulting in
cognitive overload. As highlighted by research in engineering education, students regularly
struggle with maintaining accuracy in their calculations and often encounter common pitfalls
such as miscalculations and conceptual misunderstandings (Solis et. al., 2012). Therefore,
developing an application for these calculations could streamline the process and enhance
efficiency in learning Mechanics of Composite Materials at undergraduate level.

In recent years, the integration of artificial intelligence (Al) and digital learning tools in higher
education has advanced rapidly, reshaping how students engage with learning materials and
how instructors design and deliver instruction. Large Language Models (LLMs) such as
ChatGPT, CoPilot, and Sora now facilitate personalized, interactive learning environments
across disciplines, offering capabilities from content generation to assessment support
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(Papadakis et al., 2022). In parallel, the evolution of Massive Open Online Courses (MOOCs)
has provided scalable, global access to education, particularly during disruptions such as the
COVID-19 pandemic, which witnessed unprecedented spikes in online course enrolments
(Papadakis, 2023). Given these advancements, there is a growing need to evaluate how digital
tools especially task-specific ones like educational calculators impact cognitive outcomes,
learning efficiency, and user experience. This study explores the deployment of a structured
spreadsheet calculator in composite mechanics learning, responding to calls from the literature
for targeted evaluation of educational technologies beyond generic software tools (Papadakis
et al., 2023).

Literature Review

A specialized calculator serves as a computational tool designed to assist students in university-
level engineering courses, as well as researchers and engineers, and represents a forward-
looking solution (Theis, 2015). Research highlights that the integration of computational tools
into engineering curricula allows educators to shift their focus from theoretical content to
practical applications. This shift fosters a deeper understanding of complex concepts and
reflects the way engineering is practiced in industry (Mago & Luck, 2014). Lambert (2020)
and Shah et al. (2022), show that learners value utility, course quality, and time efficiency,
while also struggling with engagement and understanding fundamentals (Lambert, 2020 and
Shah et al, 2022). These insights underline the importance of designing educational
interventions such as domain-specific calculators that not only perform accurate computations
but also optimize user engagement and task completion time. Specifically, the implementation
of spreadsheet applications in engineering education exemplifies how these tools liberate
students from extensive calculations, enabling them to concentrate on analysis and design
aspects (Zhang et. al., 2021). Moreover, as students grapple with complex arithmetic, they may
miss critical theoretical constructs that are essential for grasping composite material mechanics.
The demanding nature of detailed arithmetic can detract from the overall learning experience,
leading to missed opportunities to engage with and understand core principles (Hanson, 2022).
In applying more advanced methodologies like Finite Element Analysis, students can become
entrenched in calculations, potentially neglecting the physical phenomena behind the
mathematics (Brinkgreve & Post, 2015). This emphasizes the risk of becoming technically
adept at calculation while simultaneously failing to develop a robust conceptual framework.

Unlike a standard pocket calculator, specific-topics engineering calculator enables users to
input complex problems similarly to how they would solve them on paper, incorporating proper
units and systematically identifying quantities to facilitate problem-solving. The calculation
results are presented with appropriate units of measurement and a precise number of significant
figures. The features of this specialized calculator are designed to help students focus on
scientific reasoning while formulating well-structured and mathematically accurate solutions
to quantitative problems, rather than spending excessive time on manual computations
(Thomas et. al., 2008). Besides, the use of applications as learning tools has also been reported
to enhance students' engagement and experience in learning the topic (Ishak et. al, 2025). Deng
and Benckendorff elucidate that the ability to relate theoretical knowledge to practical
applications in real-world contexts is vital for enhancing the online learning experience. They
specifically mention that when instructors demonstrate the relevance of scientific concepts
through multimedia, learners engage more deeply with the material (Deng & Benckendorft,
2021). This principle is supported by evidence from Sarsar et al., who point out that tools like
MOOCs and mobile learning applications, including augmented and virtual reality, have
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proven effective in engineering education. These tools enrich the learning experience by
employing multimedia resources, which help illustrate complex topics, thereby promoting
engagement (Sarsar et al., 2018). Furthermore, the application of interactive technologies like
virtual reality, discussed by Dinis et al., provides immersive learning experiences that improve
students' grasp of complex engineering concepts. These technologies foster a deeper
understanding of real-world applications, helping bridge the gap between theory and practice
(Dinis et al., 2018). Lee et al. also emphasizes the benefits of simulation games in construction
management education, wherein students actively engage in project planning and management
within a controlled simulation, leading to enhanced educational outcomes (Lee et al., 2015).
The preceding discussion underscores how technological tools, including purpose-built
calculators, can significantly enhance educational outcomes through active engagement and
learning experiences.

The aim of this study is to develop a computational tool that replicates the results of analytical
calculations taught in the mechanics of composite materials course, ensuring accuracy and
reliability. Additionally, this study seeks to assess the calculator’s potential to support students
in performing complex calculations more efficiently by comparing the time taken by students
to solve composite mechanics problems manually and using the developed calculator.

Methodology

Determination Of Equations For The Calculator

The developed calculator is capable of performing various micro- and macromechanical
calculations at both the lamina and laminate levels, covering orthotropic and isotropic
materials. Its application is restricted to elastic responses under plane stress conditions.

For micromechanical analysis at the lamina level, the mechanics of materials approach was
adopted. This method enables the determination of the elastic moduli or stiffness of a composite
lamina based on the elastic properties of its constituent materials. The assumptions underlying
this approach are summarized in Table 1. Four mechanical properties calculation were
developed: stiffness of lamina in fiber direction (E£;), lamina stiffness perpendicular to fiber
direction (£2), Poisson’s ratio of lamina, (v;2) and shear modulus of lamina (G;2) as given in
equation 1 — 4, respectively (Daniel & Ishai, 2006). In these equations, £ is the Young’s
modulus or elastic stiffness, G is the shear modulus, v is the Poisson’s ratio and V'is the volume
fraction. The subscript f'and m indicate the constituents either fiber or matrix respectively.

Ei=EfV+EpnVp Eq. 1
—_ EfVm
By = VinEf+VEp Eq.2
Vg = UV + V¢V Eq. 3
Gm
GlZ = - Eq 4
Vm‘H/f(%)
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Table 1. Basic Assumptions On Micromechanis Approach (Jones, 1999).

Item Assumptions
Lamina e initially stress-free e macroscopically homogeneous
o linearly elastic e macroscopically orthotropic
e 1o voids can exist
Fibers e homogenous e regularly spaced
e linearly elastic e perfectly aligned
e isotropic o perfectly bonded
e 1o voids can exist
Matrix e homogenous e isotropic
e linearly elastic e void-free

e 1o voids can exist

For macromechanics calculation of a laminate, two material options were made available in
the calculator: isotropic material and orthotropic material. Equation 5 - 10 are the isotropic
mechanics calculations available in the calculator (Daniel & Ishai, 2006). Respectively, they
calculate the shear modulus (G), volumetric strain variation 1 (6), volumetric strain variation 2
(0), volumetric strain variation 3 (6), strains and stresses.

Shear modulus, G = £ Eq.5

T 2(1+v)

Volumetric strain, 8 = &, + €, + &, Eq. 6

g=—— Eq.7
{3(1—2v)}
P
0 = X Eq. 8
€171 [S11 Stz 0 o1
Strain-stress relationship, | €2 [ =|S12 S11 0 [0 2] Eq.9
[V 12 | 0 0 2(511 - 512) T12
[01] [y Qi O €1
Stress-strain relationship, |02 [ = (@, @4, 0 || &2 Eq. 10
T2l [0 0 QY12

In equations above, @ is volumetric strain, P is hydrostatic pressure, K is bulk modulus, ¢ is
normal strain, y is shear strain, ¢ is normal stress and 7 is shear stress. Ther term Q; in equation
10 refers to the reduced stiffness matrix and Sj; in equation 9 denotes the reduced compliance
matrix, which is the inverse to the reduced stiffness matrix. These stiffness and compliance
matrices are among the many equations that students are required to calculate for various types
of laminae. Using this calculator, user can also calculate both matrices using only the basic
mechanical properties of the lamina. The relationship embedded in this calculator to determine
these matrices are shown in equation 11 and 12 (Daniel & Ishai, 2006).
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The compliance matrix elements:

1 V12 V21 1 1
S11 =+ Sp=—7=—7" Spn=+ Se6 = — Eq. 11
1= g 12 E Es 227 F, 66 = G, q

The stiffhess matrix elements:

E E E E
Qll = L Q =122 - T2 sz = : Q66 = 612 Eq 123.

T 1-vppvyr Y127 1-vipuy 1-vigvy T 1-vipvy
S22 S12 S11 1
Q= 2 Q= 2 Q,y = 2 Qe = Eq. 12b
I §11522-5% 12 §11522-5% 22 §1185-5%, 66 Ses

For orthotropic composite laminates, the calculator was set to calculate up to the force reaction
(N) and material’s moment reaction (M). To determine these reactions, the laminate stiffness
matrices [A], [B] and [D] must be calculated as shown in equation 13 to 15 where z is the
directed distance from the mid-plane of the laminate to the bottom of the ks layer, where
positive values are measured downward and negative values upward (Daniel & Ishai, 2006).
The term Q; ; refers to the transformed reduced stiffness matrix, which is also computed based
on the fiber orientation angle of each ply.

N
Ay = Z (@U)k (Zk — Z-1) Eq. 13

k=1
1 &
By = Ez (Qij)k (212 — zp—1%) Eq. 14
k=1
1
D; = §Z (Qi].)k (23 — zp—1®) Eq. 15

k

Il
=

Calculator Development

The development of the calculator involved not only determining the relevant equations and
parameters used in learning and applying the mechanics of composite materials, but also
carefully considering how students would interact with the tool. As a learning aid, students
typically use the calculator for two main purposes: (1) to calculate specific behaviors or
parameters based on given input data, or (2) to verify manual calculations they have performed.
The latter requires the calculator to provide final answers that align with the expected results,
while the former demands flexibility in how computations are initiated—depending on the type
of input data the student already possesses. For instance, the reduced stiffness matrix Q;; can
be determined either directly from the mechanical properties of the lamina or by inverting the
compliance matrix S;;. Therefore, the calculator is designed to handle both approaches.

Microsoft Excel was utilized to develop this integrated calculator, featuring an interactive user
interface that facilitates efficient user interaction. Functionalities such as sheet protection,
hyperlinks, and data validation were implemented to enhance usability and ensure calculation
accuracy.

669



International Journal of
Modern Education

EISSN: 2637-0905

Volume 7 Issue 25 (June 2025) PP. 664-679
DOI: 10.35631/1IJMOE.725045

Self-Test And User-Test Deployments

During the self-test deployment, each cell in the calculator was thoroughly tested to ensure full
functionality, including the protection of specific cells, proper data validation, and working
hyperlinks. Input fields intended for user entry were checked to confirm they only accepted
values within the designated scope. For example, only positive numeric values could be entered
into the input boxes for shear modulus and Young’s modulus. The final stage of the self-test
involved running all available calculations in the calculator using sample values and comparing
the results to manually computed answers, which were required to match 100%.

In the user-test deployment, 15 undergraduate students enrolled in the Mechanics of Composite
Materials course (course code: MEC613) were invited to participate in the study on a voluntary
basis. While the sampling was not random, efforts were made to include students with varying
levels of academic performance to reduce bias and increase representativeness of the sample.
Participation was entirely voluntary, and students were informed that the activity would not
affect their course grades or evaluations. This course is a final-semester subject in the Bachelor
of Mechanical Engineering (Manufacturing) with Honour (programme code: EM241) at
Universiti Teknologi MARA, Penang Branch. The test covered subtopics from the course,
specifically the Rule of Mixtures (ROM) and Material Moment Reaction.

This study utilised two main instruments: a stopwatch and a set of structured problem-solving
tasks. The stopwatch was used to record the time taken by each participant to complete specific
composite mechanics problems under two different conditions: (1) manual calculation using
pen and paper, and (2) calculation using a custom-built spreadsheet-based calculator. The
problem-solving tasks were drawn from topics in the Mechanics of Composite Materials
course, specifically focusing on Rule of Mixtures and Material Moment Reaction. The first
task on Rule of Mixtures (ROM), specifically the calculation of lamina stiffness in the fiber
direction (E;), was of moderate difficulty, whereas the second task involved a more complex
calculation and was expected to require more time when performed manually. For both
questions, students were instructed to work at a steady pace, not in a rush, to ensure accuracy
in their answers.

Results and Discussions

The Calculator & Self-Test Deployment

The interactive calculator for Mechanics of Composite Materials was successfully developed
using Microsoft Excel and can be distributed to students and academia. Figure 1 shows the
home screen of the calculator, offering two main options to begin with: micromechanical
behavior or macromechanical behavior. Figure 2a presents the first page of the
micromechanical behavior calculator, which includes fundamental introductions and outlines
the scope of the calculator’s capabilities. The user is interactively guided through a structured
workflow, from selecting problem categories to inputting values and obtaining computed
results as illustrated in Figures 2b—2f. As shown in Figure 2c, the user selects one of the
categories to be calculated. For example, the highlighted yellow section indicates the
calculation of the stiffness of a lamina in the fiber direction, based on the stiffness of the fiber,
stiffness of the matrix, and their volume fractions. Once this option is selected, the user is
prompted with a more specific output to be computed, as shown in Figure 2d. After selecting
the desired output, the user is presented with several blank input fields, and the final answer is
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displayed at the bottom, as demonstrated in Figure 2e. Figure 2f displays the final computed
result based on the user’s input.

This same procedure and options for inputs and end product were also available for the
macromechanical behaviour of isotropic and orthotropic laminates. A self-test deployment was
carried out to check the functionality of every variation available in the calculator. The
accuracy of the calculations made by the calculator was 0% error. A self-test deployment was
conducted to verify the calculator’s functional accuracy, revealing 0% error across all
implemented variations. This result confirms the tool’s computational reliability. However,
recent studies suggest that the effectiveness of digital learning tools is not solely measured by
technical precision, but also by how well they support learner autonomy, engagement, and
perceived usefulness (Lavidas et al., 2024; Papadakis et al., 2023). In this context, the
structured, decision-guided interface of the calculator aligns with design principles that

enhance user experience and reduce cognitive load in complex learning tasks (Papadakis et al.,
2023; Shah et al., 2022)

pR— COMPOSITE MATERIAL CALCULATOR

fi
" ibers 2

LAMINA & LAMINATE
MICROMECHANICAL
BEHAVIOR

LAMINA & LAMINATE .
MACROMECHANICAL matrix
BEHAVIOR

Figure 1: Home Screen Of The Composite Mechanics Calculator.
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COMPOSITE MATERIAL CALCULATOR

vip = vmVim + vV, G YR
v tvr(eE)

PLEASE SCROLL DOWN FOR MORE DETAILS

RHouUSHoN Micromechanical Behaviour Details
E, : Stiffness of the lamina same direction of the fiber.
Basically In this Lamina & Laminate Micromechanical Behaviour Selection you will calculate four element: E, : Stiffness of the lamina perpendicular direction of the fiber. Shear Modulus, G
1. stiffness of the lamina same direction of the fiber, E;. E; : Elastic Modulus of Fibre(Reinforcement). T —— must
2. Stiffness of the lamina perpendicular to the fiber direction, E;. E,, : Elastic Modulus of Matrix. E—— POSITIVE VALUE
HOME 3. Poisson's ratio of Laminate, v ;. V; : Volume Ratio of Fibre(Reinforcement). Poisson’s ratio, v
4. Shear Modulus of Laminate, Gy,. V., : Volume Ratio of Matrix.
Scoper A : Areaof Lamlnate.. .
1 The lamina is initially stress-free, linearly elastic, ically h & 8y & 7z Qe By A R R
LAMINA & LAMINATE orthotropic. A, : Areacovered by matrix.
i S .
MICROMECHANICAL 2 The fibers are homogeneous, linearly elastic, isotropic, regularly spaced, perfectly aligned & perfectly viz @ Poission's ratio of Laminate PLEASE SCROLL DOWN
BEHAVIOR bonded. vy : Poisson's ratio of fibre(Reinforcement). TO SELECT THE CHOISE
3 The matrix is homogeneous, linearly elastic, isotropic Evoid-free. vm ¢ Poisson’s ratio of matrix.
4 No void can exist in the fibers of matrix or in between them (i.c., the bonds between the fibers and G, : Shear Modulus of Laminate
LAMINA & LAMINATE matrix are perfect). G; : Shear Modulus of fibre(Reinforcement).
MACROMECHANICAL G, : Shear Modulus of matrix.
BEHAVIOR
PLEASE SCROLL DOWN FOR MORE DETAILS
What you want to calculate based on this related equation?
Please choose related Equation.
E vy Em
. " — e _ y . — E, — EmVm E,—EfVf
Lamina Stiffness Same Direction With Fiber, E, Lamina Stiffness to the Fiber Direction, E, Ey=EfVf + EnVim T Em=|——211
L Vi
EJE,
Ey= EfVf +E,V,, = tm
V,.Ef+ VfEm
E; v,
Laminate Poisson's Ratio, vi,. Laminate Shear Modulus, Gy, G Ey — EmVm: o E,—Efvf
[ ~ v, "\ Ea

(©)

(d)

Figure 2 (A): Home Screen Of The Micromechanical Behaviour Calculator, (B): Details And Nomenclature Of The Micromechanical
Behaviour Calculator, (C): Options Of Categories Available In Micromechanical Behaviour Calculator And (D): Options Of Specific
End-Product Available In Micromechanical Behaviour Calculator.
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E
E, !

=T E,=EfVf+E,V,,

Please insert the constant in the Please insert the constant in the

blank box below: blank box below:
E,: [ ] cpa E,: [120.0000] GPa
v 1 w . -
En: [ ] cpa £ GPa
v [ ] v

m3 m3
0.0000 | GP
Answer, EI - a Answer} EI 85.0000 | GPa

(e) ®

Figure 2 (e): Blank Cell For Input And The Final Answer Shown At The Bottom Of The
Calculator, (f): Final Answer With The Input From User.

Performance User-Test Deployment

Two calculation variations were tested among 15 students from the Mechanics of Composite
Materials course (course code MEC613) where they performed both variations manually and
using the developed calculator. The variations were: (1) calculation of stiffness of a lamina in
the fiber direction using Rule of Mixture (ROM) and (2) calculation of Material’s moment
reaction of a composite laminate. The aim was to further test the accuracy and time efficiency
of the calculator.

Performance on Rule of Mixture (ROM) Calculation
The first task, calculating lamina stiffness (£/) using the Rule of Mixtures, was simpler than
the moment reaction calculation, requiring fewer inputs and steps to reach a result. For both
manual calculation and calculator deployment, all the users managed to get the final answer
within tens of seconds as shown in figure 3. Manually, the time taken to solve the problem
was in between 28.64 to 71.36 seconds meanwhile for calculation using calculator it was in
between 9.63 to 45.57 seconds. Interestingly, the same person recorded the slowest for both
type of calculation, similarly for the record for the fastest. This pattern can be observed across
all individuals participating in this test. For example, consider person number 1 and 2 where
person number 1 took longer than person number 2 during manual calculation. If it were a
competition, person number 2 would still win when using the calculator. This suggests that
individual proficiency in conceptual understanding, problem-solving -efficiency, and
familiarity with the procedure significantly affects performance, regardless of the calculation
method. It also indicates that students with higher competence continue to perform better even
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when assisted by the calculator. The variation in performance is less about access to the
calculator or technology in general, and more about the student’s grasp of the problem, their
strategy, and their execution of the solution. This trend supports previous findings that tool
adoption alone does not equalize performance outcomes (Lavidas et al., 2024). Instead,
calculators serve as accelerators for students already competent in problem-solving, while still
offering time-saving benefits for all users (Papadakis et al., 2023). However, the most evident
takeaway is that the calculator improves calculation time for all users, regardless of their level
of proficiency.

IJMOE
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Person

Manual calculation M Calculator deployment

Figure 3: Calculation of ROM Performed Manually And Using Calculator.

Table 2 shows how each user improved their time efficiency, with time efficiency increases
ranging from 36.14% to 66.38%. On average, using this calculator increased time efficiency
by 49.85%, which can be described as roughly halving the solution time. As mentioned earlier,
time savings were observed across the board, with every individual showing a reduction in time
when using the calculator. However, not everyone managed to save the same amount of time
percentage-wise, as the difference between the best and worst time savings was 30.24%.
Persons 5 and 6 showed unusually high time efficiency gains (62.98% and 66.38%), which
may suggest that their slower manual calculations were due to weaker arithmetic skills rather
than poor conceptual understanding.

Table 2. Time Efficiency Of Calculator Usage In Solving the ROM

Person Manual Calculator Difference %
calculation deployment (Manual - Calculator) reduction
time taken, t (sec) time taken, t (sec) Time taken, t (sec)
1 63.68 40.47 23.21 36.45%
2 33.11 16.98 16.13 48.72%
3 71.36 45.57 25.79 36.14%
4 55.26 30.76 24.50 44.34%
5 44.90 16.62 28.28 62.98%
6 67.44 31.20 36.24 53.74%
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7 28.64 9.63 19.01 66.38%
8 47.38 23.09 24.29 51.27%
9 54.97 27.66 27.31 49.68%
10 42.98 23.94 19.04 44.30%
11 46.41 27.43 18.98 40.90%
12 42.17 17.39 24.78 58.76%
13 44.00 22.04 21.96 49.91%
14 51.64 24.44 27.20 52.67%
15 34.66 16.81 17.85 51.50%

Average 23.638 49.85%

Performance On Moment Reaction Calculation

The moment reaction task, involving multiple input parameters and more advanced matrix
operations, was significantly more complex than the ROM calculation. For manual moment
reaction calculations, all users took more than 1000 seconds but less than 2000 seconds to solve
the problem, except for one. In minutes, they solved the problem in the range of 27 to 34
minutes. This large difference compared to calculating ROM was expected due to the enhanced
complexity of the problem. By using the calculator, all users managed to get the final answer
within 9 to 11 minutes, as shown in Figure 4. As observed in the ROM task, individual
performance trends remained consistent in which students who were slower manually also took
longer when using the calculator, underscoring the role of intrinsic problem-solving speed. This
indicates that students who took longer manually generally still took longer with the calculator,
suggesting that fundamental problem-solving speed is a key factor that the calculator cannot
eliminate which is not what it is intended to do (Lavidas et al., 2024).

Table 3 shows how each user improved their time calculation efficiency, with efficiency
increases ranging from 61.08% to 67.06% which suggests that the calculator boosts efficiency
for both faster and slower individuals alike. Compared to the calculation of ROM, the time
efficiency gains were more consistent, with the difference between the least and most
improvement being just 5.98%, suggesting that the calculator plays a stronger compensatory
role in tasks with higher computational demand. This aligns with studies highlighting the value
of Al-enhanced tools in reducing cognitive load during complex, multi-step problem-solving
(Papadakis et al., 2023; Semerikov et al., 2023). On average, using this calculator increased
time efficiency by 63.88%, which can be described as more than halving the solution time,
nearly two-thirds. For person number 3, he/she had both the highest manual time and the
highest percentage time reduction (67.06%). This suggests that this person benefited the most
from using the calculator, likely due to a reduction in arithmetic-skill-related delays. For
moment reaction calculations, it is evident that this calculator is a significant time-saving tool.
This demonstrates a clear benefit in deploying calculators for tasks such as moment reaction
calculations, which involve repetitive numerical operations.
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Figure 4. Calculation Of Moment Reaction Performed Manually And Using Calculator.

Table 3: Time Efficiency Of Calculator Usage In Solving The Material’s Moment

Reaction
Person Manual Calculator Difference %
calculation deployment (Manual - Calculator) reduction
time taken, t (sec) time taken, t (sec) Time taken, t (sec)

1 1674.26 651.64 1022.62 61.08%
2 1698.59 658.63 1039.96 61.22%
3 2017.24 664.56 1352.68 67.06%
4 1806.30 628.64 1177.66 65.20%
5 1727.72 622.49 1105.23 63.97%
6 1805.27 650.43 1154.84 63.97%
7 1682.70 606.27 1076.43 63.97%
8 1836.82 661.80 1175.02 63.97%
9 1741.95 627.62 1114.33 63.97%
10 1717.78 618.91 1098.87 63.97%
11 1641.24 591.33 1049.91 63.97%
12 1779.47 641.14 1138.33 63.97%
13 1675.76 603.77 1071.99 63.97%
14 1789.97 644.92 1145.05 63.97%
15 1780.27 641.42 1138.85 63.97%

Average 1124.118 63.88%

Conclusions

This user-test deployment involving 15 students from the Mechanics of Composite Materials
course (Course code: MECG613) assessed the accuracy and time efficiency of a newly developed
interactive calculator for solving common composite mechanics problems, namely the stiffness
of a lamina in the fiber direction using the Rule of Mixtures (ROM) and the moment reaction
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of a composite laminate. The results of this study clearly demonstrate the successful
development and deployment of a functional, time-saving interactive calculator. In both
calculation variations tested, the calculator significantly reduced solution time for all
participants. For ROM calculations, the time savings ranged between 36.14% and 66.38%, with
an average reduction of 49.85%, effectively halving the time required. For the more complex
moment reaction calculations, the time savings were even more substantial, ranging from
61.08% to 67.06%, with an average time efficiency increase of 63.88%, or nearly two-thirds
reduction in time. These results confirm that the calculator is highly effective as a
computational aid and stands as a practical tool to support both teaching and learning activities
in the subject of composite materials. While the calculator proved highly time efficient in
reducing calculation time, the user-test also revealed that performance rankings remained
consistent across both manual and calculator-based calculations. This suggests that conceptual
understanding, problem-solving ability, and familiarity with procedures are still the dominant
factors in student performance. Students who were stronger manually continued to perform
better even with calculator assistance. This insight reinforces the idea that the calculator does
not replace understanding but complements it by offloading time-consuming arithmetic tasks.
Students benefit by having more time and cognitive space to focus on problem interpretation,
equation selection, and reasoning. Therefore, the calculator serves as an effective learning aid
rather than just a shortcut.

The deployment of this calculator introduces several important implications for both students
and educators as listed below.

1. Conceptual reinforcement:
Students can use the calculator to better understand the fundamentals behind
equations. By seeing how different inputs affect outputs instantly, they develop a
more intuitive grasp of mechanics concepts.

1. Verification tool:
The calculator acts as a reliable cross-check for students’ manual solutions or their
finite element analysis (FEA) results, reducing human error and reinforcing their
confidence in the problem-solving process.

1il. Improving project efficiency:
Students may improve productivity in their mini projects as the calculator helped
streamline lengthy calculations, allowing more time for analysis, reflection, and
report writing.

iv. Instructional support for lecturers:
Lecturers may benefit from the calculator when verifying students’ work, especially
in collaborative or modular courses where students may use materials or equations
introduced by other lecturers. The calculator provides a standard, consistent
platform for evaluation.
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