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Abstract

Although CAD/CAE software such as Maxsurf is increasingly used in ship design, interactive digital
practicum resources that integrate structured instructional guidance with CAD/CAE-based Ship Lines
Plan modelling remain limited. This study aimed to develop and preliminarily evaluate an interactive
flipbook-based digital practicum module for Ship Lines Plan design using Maxsurf. The module was
developed using seven adapted stages of the Borg and Gall research and development model. Its
feasibility was evaluated by three material experts and three media experts, followed by a one-group
pretest-posttest evaluation involving 10 third-semester Naval Architecture students enrolled in the
Ship Lines Plan course. Students' practical design performance was assessed using 30 technical criteria
and analysed using normalized gain (N-Gain), a paired-samples t-test, and Cohen's d_z. Material and
media validation scores were 92% and 85%, respectively, both classified as Very Valid, with S-CVI/Ave
values of 1.00. Mean performance scores increased from 60.00 (SD = 7.50) at pre-test to 89.40 (SD = 4.55)
at post-test. The mean N-Gain was 0.734, classified as High, and the paired-samples analysis showed a
statistically significant within-group difference, t(9) = 13.03, p < .001, with a very large effect size
(Cohen's d_z = 4.12). The overall student-response score was 97 %, classified as Strongly Positive, and
the questionnaire demonstrated acceptable internal consistency (Cronbach's alpha = .734). These
findings provide preliminary evidence that the developed module is feasible, well accepted by
students, and associated with substantial improvement in practical CAD/CAE-based Ship Lines Plan
design performance.

Keywords: Ship Lines Plan; CAD/CAE; Maxsurf; Digital Practicum Module; Flipbook; Naval
Architecture Education

How to Cite: Hilmy, Z., Dzirrusydi, Z., & Susilo, T. (2025). Development and Preliminary Evaluation
of an Interactive Flipbook Module for CAD/CAE Ship Lines Plan Design. Jurnal Penelitian Dan
Pengkajian Ilmu Pendidikan: E-Saintika, 10(2), 937-966. https://doi.org/10.36312/ e-saintika.v10i2.3454

d - _ Copyright© 2026, Hilmy et al.
10.36312/ e-saintika.v10i2.3454 This is an open-access article under the CC-BY-SA License.

INTRODUCTION

Education plays an important role in preparing learners to respond to continuing
developments in science and technology (Yuliasari, 2017; Yunian Putra & Anggraini,
2016). In engineering education, this role is particularly important because students
are expected not only to understand theoretical concepts but also to apply them to
authentic technical problems. Practical learning provides opportunities for students
to connect disciplinary knowledge with real-world problem-solving and design
activities (Inkermann & Ammersdorfer, 2024; Izaak, 2008). However, effective
practical learning requires clear and systematic instructional guidance so that students
can complete activities in a focused, consistent, and technically appropriate manner
(Mastura et al., 2017; Zhong et al., 2024; Nurbaeti, 2020; Permadani & Sukmawati,
2021; Syamsu, 2017).
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Naval Architecture is an engineering discipline concerned with ship design and
related technical analyses (Ferreiro, 2024; Hilmy et al.,, 2023). Within the Naval
Architecture curriculum, Ship Lines Plan practicum activities provide students with
experience in developing the geometric representation of a ship hull from prescribed
design data (Chandra et al., 2017; Fatwasari et al., 2021; Toyyibun, 2021). Because these
activities require students to translate numerical and geometric information into a
coherent hull form, the availability of structured practical guidance is particularly
important. At the same time, developments in educational technology and
Information and Communication Technology (ICT) provide opportunities to deliver
such guidance through digital and interactive learning resources (Agustian &
Salsabila, 2021; Majidah, 2021; Cholik, 2021).

These technological developments are increasingly relevant to engineering-
design education because contemporary design practice makes extensive use of
computer-aided design and computer-aided engineering (CAD/CAE) applications.
CAD/CAE environments enable students and engineers to develop, visualize,
modify, and evaluate engineering designs in a controlled digital environment (Li &
Liang, 2024; Negahban, 2024; Jin & Yang, 2022; Li et al., 2023; Ningsih, 2005; Regassa
Hunde & Debebe Woldeyohannes, 2022). In Naval Architecture, Maxsurf is one of the
CAD/CAE applications used for ship-design activities (Rachman et al., 2020;
Ramadhani et al., 2023). The software supports three-dimensional hull modelling and
can subsequently be used in hydrodynamic and other ship-performance analyses
(Anugrah & Awwaludien Al-Fath, 2022; Nababan et al., 2017; Nitonye et al., 2023).
Thus, integrating CAD/CAE applications into Ship Lines Plan practicum activities
can provide students with a design workflow that more closely reflects contemporary
digital ship-design practice.

Despite these technological capabilities, practical instructional resources
specifically guiding students through CAD/CAE-based Ship Lines Plan development
remain limited. Existing practicum guidance in the study context has primarily relied
on the NSP (Nederlandsch Scheepsbouwkundig Proefstation) method, whereas
preliminary observations conducted during Ship Lines Plan practicum activities
indicated that students experienced difficulties in using Maxsurf effectively. This gap
suggests that access to CAD/CAE software alone is insufficient; students also require
instructional resources that explain how the software should be applied systematically
during the design process. Interactive digital learning resources can support this
requirement by organizing explanations, demonstrations, and visual information into
a format that can be repeatedly accessed during practical activities (Masykur et al.,
2017).

Accordingly, a CAD/CAE-based Ship Lines Plan practicum resource should not
only communicate technical procedures but should also present them in an
informative, interactive, visually clear, and digitally accessible form. A flipbook-based
module offers a means of integrating written explanations with visual examples,
tutorial videos, reference images, navigation functions, and practical design guidance
within a single digital resource (Kurniasari et al.,, 2023; Prasasti & Anas, 2023).
Evidence from related engineering-learning contexts also supports the relevance of
this approach. Rahmagandi et al. (2024), for example, developed a flipbook-based e-
module for manufacturing-design learning involving 2D and 3D Autodesk Inventor
sketching, while Wisnusuasono and Ngadiyono (2024) developed a flipbook-assisted
e-module for a 3D CAD course. These studies demonstrate the applicability of
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interactive digital modules to CAD-oriented engineering learning; however, they do
not address Ship Lines Plan development or a Maxsurf-based Naval Architecture
workflow.

Within the specific context of Ship Lines Plan education, Hilmy et al. (2025)
previously developed an interactive flipbook module for practicum activities using
the manual NSP method. That module primarily supported the construction of two-
dimensional Ship Lines Plan representations. The present study extends this
instructional approach by integrating Maxsurf CAD/CAE into the practicum
workflow so that students can develop a two-dimensional lines plan and subsequently
examine the corresponding three-dimensional hull model. The ability to connect 2D
geometric construction with 3D hull visualization provides additional opportunities
for students to inspect hull proportionality, geometric continuity, and the
consequences of design modifications before finalizing the design (Al Ghofur &
Fahruddin, 2024).

Therefore, the novelty of the present study does not lie solely in the use of a
digital flipbook or in the use of Maxsurf as an engineering application. Rather, it lies
in the integration of an interactive flipbook-based practicum guide with a Maxsurf
CAD/CAE workflow that connects structured two-dimensional Ship Lines Plan
construction with three-dimensional hull visualization and technical design
evaluation. The module combines step-by-step design instructions, tutorial videos,
reference images, practical tips, and interactive digital functions to support students
throughout the CAD/CAE-based practicum process.

Based on this research gap, the present study aimed to develop and preliminarily
evaluate an interactive digital practicum module for CAD/CAE-based Ship Lines
Plan design using Maxsurf. The evaluation focused on three aspects: (1) expert-
validated content and media feasibility, (2) improvement in students' practical Ship
Lines Plan design performance, and (3) students' acceptance of the developed module.
Consistent with the pretest-posttest evaluation employed in the study, it was
hypothesized that students would demonstrate higher practical Ship Lines Plan
design-performance scores after using the interactive digital practicum module than
before its implementation.

METHOD

Research Design and Methodological Framework

The present study represents a methodological extension of the flipbook-based
practicum module previously developed by Hilmy et al. (2025). Whereas the previous
study focused on manual Ship Lines Plan development using the NSP method, the
present study integrates Maxsurf CAD/CAE to support both two-dimensional (2D)
lines-plan development and three-dimensional (3D) hull modelling. The present
study also extends the evaluation framework by incorporating content-validity
analysis, questionnaire reliability analysis, inferential statistics, effect-size estimation,
and a detailed technical performance assessment. The principal methodological
differences between the previous and present studies are summarized in Table 1.

The study employed a quantitative one-group pretest-posttest design embedded
within a research and development (R&D) framework based on the Borg and Gall
model (Putra et al., 2020; Putri et al., 2023). Seven of the ten development stages were
adapted to the objectives and context of the study (Amil et al., 2020). The resulting
development sequence comprised problem identification, information gathering and
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research planning, product design, expert validation, product revision, product

Development and Preliminary Evaluation of an

testing, and final product development, as illustrated in Figure 1.

Table 1. Comparison between Hilmy et al. (2025) and the Present Study

Feature

Hilmy et al. (2025)

Present Study

Design
method
Output

Media

Participants

Evaluation

Technical
indicators

Manual Ship Lines Plan using
NSP method
2D Ship Lines Plan

Flipbook + QR video + tips +
reference images

10 students

Expert validation; one-group
pretest-posttest performance
assessment; N-Gain test; student
response questionnaire

General 2D lines-plan
performance indicators (not
explicitly specified)

CAD/CAE-based Ship Lines Plan

using Maxsurf

2D Ship Lines Plan and 3D hull
modelling

Flipbook + QR video + tips +
reference images

10 students

Expert validation; CVI; Cronbach's
alpha; one-group pretest-posttest
performance assessment; N-Gain test;
paired-samples t-test; Cohen's d_z;

student response questionnaire

Thirty technical performance criteria

including bow and stern

configuration, hull geometry, line

fairness, dimensional accuracy,
superstructure accuracy, overall
drawing quality, and 3D design

quality

Needs Analysis
and Problem
Identification

oe@e
gome

Literature review
Interviews with
lecturers and experts
Analysis of existing
learning resources
Identification of
students’ learning
difficulties with
Maxsurf

Output:

Needs analysis report
and learning
requirements

T

Planning and
Design

« Formulation of
learning objectives

« Determination of
module structure
and content

« Design of instructional
strategy (flipbook)

» Preparation of
validation instruments
(material and media)

« Development of
assessment rubric

Output:

Module blueprint,
storyboard, and
research instruments

T

Research Framework

Development of an Interactive Flipbook-Based Digital Practicum Module for CAD/CAE Ship Lines Plan Design
(Borg and Gall R&D Model)

Product
Development

»@»E»

« Development of
flipbook-based digital

Expert Validation
and Revision

« Validation by subject
matter experts

»

Product Testing
(One-Group
Pretest-Posttest)

 Participants:
10 third-semester

Data Analysis

il

Descriptive analysis
Normalized gain

Final Product
and Dissemination

» [na]

.
 Final revision
« Digital flipbook

module (content) Naval Architecture (N-Gain) (module)

« Integration of text, « Validation by media students « Assumption testing « Publication in digital
images, simulations, design experts o Pre-test (Shapiro-Wilk, Q-Q and print formats
video tutorials, and (interface and (design-performance plot, outlier check) "
tips & tricks usability) assessment) o Paired-samples K fecg’ ”‘";e”da"‘)"

« Preparation of « Calculation of Aiken's « Implementation of t-test i;r l;(rfenet;tion
practice tasks using V and Content practicum using « Cohen's d, effect size P
Maxsurf Validity Index (CVI) module « Student response

« Initial product draft o Revision based on  Post-test questionnaire
(Prototype I) expert feedback (design-performance (reliability analysis)

(Prototype Il) assessment)
Output: Output: Output: Output: Output:
Prototype | Validated module Student performance Effectiveness and Final product
(interactive flipbook (Prototype Il) data (pre-test and user response results and implementation
module) post-test) guidelines
( Formative luation and Contil p ] T T
(expert feedback and user feedback)

+

Improved Student Engagement and Practical Competence in CAD/CAE Ship Lines Plan Design

Figure 1. Research Stage

Participants and Ethical Considerations

The study was conducted in the Naval Architecture Study Program at Karimun
University. The study cohort consisted of 10 third-semester Naval Architecture
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students enrolled in the Ship Lines Plan course. Because these 10 students constituted
the entire cohort enrolled in the course, all eligible students were included using
saturated (census) sampling.

The students had completed introductory instruction in CAD and Maxsurf
software during the preceding semester. Therefore, all participants possessed basic
operational knowledge of CAD/CAE applications before participating in the study.
This prerequisite was important because the developed module was intended to guide
Ship Lines Plan design rather than provide introductory software training.

The study was institutionally authorized by the Head of the Study Program and
conducted under the supervision of the Institute for Research and Community Service
(LPPM) in connection with the 2025 Penelitian Dosen Pemula (PDP) grant from the
Ministry of Higher Education, Science, and Technology. All participants provided
informed consent before participation. Participation was voluntary, participants could
withdraw without academic consequences, and participation did not affect course
grades. All research data were anonymized and used solely for research purposes.

Research Instruments and Measures

Four instruments were used to evaluate the developed module: a Material
Expert Validation Sheet, a Media Expert Validation Sheet, a Student Response
Questionnaire, and a Performance Assessment Rubric. The expert-validation
instruments were used to determine the feasibility and suitability of the developed
product (Lukman et al., 2019; Pawestri & Zulfiati, 2020), whereas the student
questionnaire measured user acceptance and perceived usability. Practical learning
outcomes were assessed using students' Ship Lines Plan design performance rather
than a separate cognitive test. The characteristics and measurement functions of all
instruments are summarized in Table 2.

Table 2. Research Instruments and Measurement Properties

Instrument Construct Dimensions Items Scale Participant Validity Analysis
Evidence
Material Content Content 18 Five- Three I-CVI and S- Expert
Expert validity of appropriateness; point material CVI/Ave agreement
Validation the digital presentation Likert experts
practicum feasibility;
module contextual
feasibility
Media Expert Media Graphical 27 Five- Three I-CVI and S- Expert
Validation feasibility feasibility; point media CVI/Ave agreement
Sheet language Likert experts
appropriateness
Student User Ease of use, 10 Five- 10 Expert review Cronbach's
Response acceptance attractiveness, point students before alpha
Questionnaire and usefulness, Likert implementation
perceived motivation,
usability clarity,
satisfaction
Performance Practical Technical 30 0-100 Course Content N-Gain;
Assessment Ship Lines design quality per lecturer validated by paired-
Rubric Plan design  across 30 criteria criterion experts samples t-
performance test;
using Cohen's
Maxsurf dz
CAD/CAE
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Students were required to complete a Ship Lines Plan design using Maxsurf
CAD/CAE software. The resulting designs were evaluated using the official Ship
Lines Plan course assessment rubric consisting of 30 technical performance criteria.
These criteria covered bow configuration, stern configuration, hull geometry,
superstructure accuracy, line fairness, dimensional accuracy, overall drawing quality,
and other technical components of Ship Lines Plan design. Clearly defined
performance criteria and standardized scoring procedures are important for
improving the consistency and interpretability of performance-based assessments
(Windyariani & Setiono, 2024; Yilmaz, 2024).

Each criterion was scored on a 0-100 scale using five performance bands: Very
Poor (0-20), Poor (21-40), Fair (41-60), Good (61-80), and Excellent (81-100). The overall
performance score for each student was calculated as the arithmetic mean of the 30
criterion scores using Formula 1.

Final Performance Score = (sum of 30 criterion scores) /30 (1)

Accordingly, the pre-test and post-test scores represented students' practical
Ship Lines Plan design performance rather than a separate measure of general
cognitive ability. A sample item from the performance-assessment rubric is shown in
Figure 2.

R " - Scoring
NO | Indicstor |  Technical Definition 0-30 [Very Paor] 2140 (Foor) 160 (Fair) F1-80 (Good) F1-100 {Excellent]
according to the design adfect the everall all profile
| specifications 1 1 design components
& Bow The student's ability to The bow profile isnot | The bow geomatry | The bow profile is The bow profils is The bow profile is
Streamlined | produce a streamlined bow | streamlned or fails to | shows substantial partially streambined. | generally fully streamilmed
:Mnsn t-.a:ml..-d:\' m the CAD mprpm'.l the mtended |r:~=5uLmu1-.,a< with Several streambined and with seooth and
Crualsty on drawing that accurately shup geometry. Major peoor curve discontinuities, proportional. Mmor | contmuwous curves,
CaD represents the intended errors prevent the contipniby and disproportionate geometric All geometric
Drawing bnall precifile, maintains Araswemg From mestmg | rcorrect curves, of abigrament | mwonsistencies ate | teansitions are fais
\\\\\\ thy Lt comenuaty, and | the sequired design progortons, errors remaan and present but domet | proportional, and
conforms to the ship design | standards. resulting in & require moderste signdficantly affect consistent with the
specalications after nabiceably revison the overall hall design specilcations
completing the practcam ircurale bow shape or design Na visble
profile. quality. irregularities or
discomtmuaities are
abserved,

Figure 2. Sample of the Performance Assessment Rubric

Product Development Procedure

The product-development process followed the seven adapted stages shown in
Figure 1. In the first stage, problem identification, preliminary observations were
conducted during the Ship Lines Plan practicum to identify practical difficulties and
opportunities for product development. Because these observations were informal,
they were used only as an initial rationale for product development and were not
treated as formal research outcome data.

The second stage involved information analysis and research planning. The
preliminary analysis indicated that practical guidance integrating Ship Lines Plan
design with CAD/CAE-based modelling was limited. This limitation suggested a
need for stronger integration of digital modelling applications into contemporary
engineering-design instruction (Damaren et al.,, 2025). Digital and simulation-
supported learning environments can provide additional opportunities for
engineering students to engage with complex technical processes in structured
environments (Sidhu et al., 2024).

In the third stage, product design, Maxsurf was selected as the principal
CAD/CAE application because it enables the development and visualization of ship
designs in both 2D and 3D formats (Khoiriyah et al., 2025). The 3D representation
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enables students to examine the complete hull form generated from a 2D lines plan
and to identify geometric inconsistencies before finalizing the design.

A preliminary framework for the flipbook-based practicum module was then
prepared. It incorporated learning and practicum objectives, structured design
instructions, video tutorials, reference images of completed work, and practical design
tips. These components were organized into an interactive digital format. The

structure and principal components of the proposed module are presented in Figure
3.

Practical achievement

indicators ‘ The title of subject ‘
2. Pembuatan Surfaces

1.4. Ketepatan pembuatan surface awal
1.5. Ketepatan penambahan control point pada surface
1.6. Ketepatan pembuatan ukuran kapal sesuai desain

Narrative work
instructions

-, 4. Kk Surface pada bagian menu bar |
\ 5. Klik add surface dan pilih buttock plane
6. Gunakan icon # untuk menambahkan control
Work Reference Photo poin pada surface

QR Code for accessing videos
from the platform, can be
scanned (printed version) or
clicked directly (flipbook version)
1

Tips and tricks for
implementation and

additional knowledge

related to design

[

Figure 3. Product Draft

Expert Validation and Product Revision

The fourth development stage consisted of expert validation. Three material
experts, comprising Naval Architecture lecturers and shipbuilding practitioners,
evaluated the instructional content of the digital practicum module using an 18-item
Material Expert Validation Sheet. The instrument covered three dimensions. The
content-appropriateness dimension assessed the completeness, breadth, and depth of
the material; accuracy of technical content, terminology, symbols, units, and
references; alignment of the material with the Ship Lines Plan design process;
relevance of images and illustrations to the design procedures; and the capacity of the
module to support student understanding and provide standardized practical
guidance. The presentation-feasibility dimension evaluated the consistency and
logical sequence of the practicum content, organization of concepts and instructions,
student involvement, sequencing of practical work steps, and availability of
supporting explanations. The contextual-feasibility dimension assessed the relevance
of the material to professional practice and its ability to connect theoretical content
with its application in Ship Lines Plan design.

Media feasibility was evaluated independently by three media experts using a
27-item Media Expert Validation Sheet. The instrument comprised two main
dimensions: graphical feasibility and language appropriateness. Graphical feasibility
included the suitability of the digital flipbook format and page dimensions,
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readability and proportionality of typography, consistency of font use, harmony of
colours and layout, relevance and proportionality of cover and content illustrations,
spacing between textual and visual elements, organization of page components,
clarity of audio, and quality of embedded video materials. Language appropriateness
assessed sentence structure, sentence effectiveness, use of standard language, clarity
and appropriateness of language used in video materials, communicativeness of the
instructional messages, ability of the wording to motivate students and encourage
critical thinking, and accuracy of grammar and spelling. Together, these dimensions
were used to determine whether the module was sufficiently clear, visually
appropriate, communicative, and technically suitable for implementation in the Ship
Lines Plan practicum.

Expert scores from both validation instruments were converted to percentages
and interpreted according to the predefined feasibility categories presented in Table
3. The quantitative assessment was complemented by qualitative comments from the
validators, which were used to revise the module before student testing.

Table 3. Validation Criteria

Percentage (%) Category
85-100 Very Valid
75-84 Valid
65-74 Valid Enough
55-64 Less Valid
0-54 Invalid

Content-validity evidence was quantified using the Item-level Content Validity
Index (I-CVI) and the average Scale-level Content Validity Index (S-CVI/Ave).
Explicitly distinguishing item-level and scale-level CVI calculations improves the
interpretability of content-validity reporting (Polit & Beck, 2006), while the approach
is consistent with the validation procedures applied in the original study framework
(Suryadi et al., 2023; Zasali et al., 2023). For each item, I-CVI was calculated as the
proportion of experts assigning a rating of 4 or 5, as shown in Formula 2.

I-CVI = number of experts rating the item as 4 or 5 / total number of experts (2)

The S-CVI/Ave was calculated as the mean of the [-CVI values across all items, as
shown in Formula 3.

S-CVI/Ave = sum of I-CVI values / number of items  (3)

These calculations were performed separately for the material and media validation
instruments.

Practicum Trial and Performance Assessment

The sixth stage consisted of product testing with the 10 participating students.
The trial used a one-group pretest-posttest performance design to provide
preliminary within-group evidence of changes in practical Ship Lines Plan design
performance after implementation of the module.

Data collection was conducted over eight weeks (approximately two months),
with two practicum sessions per week, resulting in 16 sessions of approximately 3-4
hours each. During the first month, students completed practical activities under
conventional instruction, in which the lecturer provided lectures and demonstrations.
Their resulting design performance constituted the pre-intervention assessment.
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During the second month, the interactive digital practicum module was integrated
into the practical activities, and the resulting Ship Lines Plan designs constituted the
post-intervention assessment.

The same 30-criterion performance rubric described in Table 2 was used to assess
both conditions. The design outputs were evaluated by one assessor, the lecturer
responsible for the Ship Lines Plan Design course. Because only one assessor was
used, inter-rater reliability could not be estimated. This feature should therefore be
considered when interpreting the resulting performance scores. The assessor
nevertheless possessed disciplinary expertise through experience teaching Ship Lines
Plan Design, relevant academic qualifications, and a research portfolio in Naval
Architecture.

Normalized gain (N-Gain) was calculated from each student's pre-test and post-
test performance scores using Formula 4.

g = (Post-test Score - Pre-test Score) / (Maximum Score - Pre-test Score) (4)

The N-Gain value was used to describe the magnitude of normalized
improvement in practical design performance. The interpretation criteria are

presented in Table 4 and are consistent with the use of normalized gain in educational
evaluation (Aziz et al., 2022; Rizalda & Nursaid, 2023).

Table 4. N-Gain Category

Limit of Category Category Code
=070 High H
0.30<g<0.70 Moderate M
g<0.30 Low L

Statistical Analysis of Performance Scores

Following the descriptive and N-Gain analyses, inferential analysis was
performed on the paired pre-test and post-test performance scores. Before conducting
the paired-samples t-test, the distribution of the paired difference scores (post-test
minus pre-test) was examined. Because the sample was small (n = 10), normality was
assessed using the Shapiro-Wilk test together with visual inspection of a Q-Q plot.
Potential outliers in the paired differences were examined using the interquartile-
range (IQR) criterion. The use of complementary statistical and graphical procedures
provides a more informative assessment of distributional assumptions than reliance
on a single normality test alone (Indra et al., 2025).

When the parametric assumptions were adequately supported, a paired-samples
t-test was used to evaluate the mean within-student difference between pre-test and
post-test performance scores. Statistical significance was evaluated at alpha = .05.

The magnitude of the paired difference was quantified using Cohen's d_z,
calculated by dividing the mean of the paired differences by the standard deviation of
those differences. This standardization is appropriate for paired or within-subject
comparisons and should be explicitly identified because different versions of Cohen's
d use different denominators (Lakens, 2013). The effect-size analysis also followed the
within-subject reporting rationale described by Beyazhancer and Demir (2025) and
Perugini et al. (2025).

d_z = mean paired difference / SD of paired differences (5)
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Because the study used a one-group pretest-posttest design without a control
group, the inferential analysis was interpreted as evidence of within-group
performance change rather than as definitive causal evidence of instructional
effectiveness.

Student Response and Reliability Analysis

After completion of the post-intervention practicum activities, students
completed the 10-item Student Response Questionnaire described in Table 2.
Responses were recorded on a five-point Likert scale. The response options and
corresponding numerical weights are presented in Table 5.

Table 5. Weight of the Assessment

Criteria Description Weight
SD Strongly Disagree 1
D Disagree 2
NAD Neither Agree nor Disagree 3
A Agree 4
SA Strongly Agree 5

The weighted questionnaire score was converted to a percentage and interpreted
using the categories presented in Table 6. Internal consistency of the Student Response
Questionnaire was evaluated after administration using Cronbach's alpha in SPSS.
Cronbach's alpha provides an index of the internal consistency of multi-item
instruments and should be interpreted in relation to the construct and item
composition rather than as evidence of validity by itself (Tavakol & Dennick, 2011).

Table 6. Response Category

Percentage (%) Category
81-100 Strongly Positive
61-80 Positive
41-60 Positive Enough
21-40 Negative
0-20 Strongly Negative

Final Product Development

The seventh and final development stage involved preparation of the final
product after completion of expert review, revision, and student testing. The resulting
instructional product was entitled "Buku Ajar Perancangan Lines Plan Kapal
Menggqunakan Computer Aided Design Engineering." The module was produced in both
interactive digital flipbook and printed formats.

RESULTS AND DISCUSSION

Development Outcome and Product Characteristics

The development process resulted in an interactive digital practicum module for
Ship Lines Plan design using CAD/CAE. The module was developed in response to
the identified need for structured digital guidance that could support students during
practical Ship Lines Plan design activities. Its design incorporated digitally supported
CAD-learning features consistent with developments in interactive and technology-
enhanced engineering education (Khot et al., 2025; Manrique & Ayte, 2025).
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The completed module incorporated six principal instructional and interactive
components. These included informative work instructions that guided students
through the sequence of Ship Lines Plan design activities, video tutorials that
demonstrated the practical procedures in accordance with the written instructions,
and QR codes that provided direct access to the tutorial videos. The module also
included reference images of completed design work and practical tips to support
students during the design process. In addition, the digital flipbook integrated
interactive functions such as page-navigation controls, audio playback, full-screen
viewing, image-display buttons, and embedded video playback. Together, these
features were designed to provide structured, visually supported, and accessible
guidance throughout the Ship Lines Plan practicum.

The module was produced as a digital flipbook that could be accessed using
smartphones, laptops, and desktop computers. Figure 4 presents examples of the final
product interface and its principal digital learning components.

The module was designed to support students in completing practical design
activities with greater independence while retaining the lecturer's role as a facilitator
when students encountered more complex design problems. This instructional
arrangement is consistent with the facilitator-oriented use of interactive digital
learning resources described by Syahfitri and Muntahanah (2024).
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Figure 4. Final Product
Expert Validation and Content Validity

Material Expert Validation

Following product development, the module was evaluated by three material
experts comprising Naval Architecture lecturers and shipbuilding practitioners. Their
assessments covered content appropriateness, presentation feasibility, and contextual
feasibility. The individual and average validation scores are presented in Table 7.

Table 7. Validation Score by Material Expert Validators

Indicators Validator Validator Validator Average Category
1 2 3 (%)
Content Appropriateness 95 93 93 93 Very Valid
Aspect
Study Feasibility 92 88 96 92 Very Valid
Contextual Feasibility 90 90 90 90 Very Valid
Overall Average 92 Very Valid
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As shown in Table 7, content appropriateness received an average score of 93%,
study feasibility 92%, and contextual feasibility 90%. The overall material-validation
score was 92%, placing the developed module in the Very Valid category according to
the predefined validation criteria.

Media Expert Validation

The module was also evaluated by three media experts with experience in
instructional-product development. Their assessment covered graphical feasibility
and language appropriateness. Table 8 summarizes the results of the media
validation.

Table 8. Validation Score by Media Expert Validators

Indicators Validator Validator Validator Average Category
1 2 3 (%)
Graphical Feasibility 90 86 84 87 Very Valid
Aspect
Language Appropriateness 85 82 84 84 Valid
Aspect
Overall Average 85 Very Valid

As presented in Table 8, graphical feasibility obtained an average score of 87%,
whereas language appropriateness obtained 84%. The overall media-validation score
was 85%, corresponding to the Very Valid category.

Content Validity Index

In addition to the percentage-based expert assessments, the validation data were
analysed using the Item-level Content Validity Index (I-CVI) and the average Scale-
level Content Validity Index (S5-CV1/Ave). For the Material Expert Validation Sheet,
all 18 items obtained an I-CVI of 1.00, resulting in an S-CVI/ Ave of 1.00. Similarly, all
27 items of the Media Expert Validation Sheet obtained an I-CVI of 1.00, producing an
S-CVI/ Ave of 1.00. These results indicate that all evaluated material and media items
met the predefined relevance criterion across the respective expert panels.

Students' Practical Ship Lines Plan Design Performance

Pre-test, Post-test, and N-Gain Results

Students' practical Ship Lines Plan design performance was assessed before and
after implementation of the interactive digital practicum module. Table 9 presents the
individual pre-test and post-test scores, paired score differences, normalized gain
values, and corresponding N-Gain categories.

Table 9. Pre-test and Post-test Performance Scores

Student Pre-test Post-test Post-Pre N-Gain Category
Difference
AM 50 93 43 0.86 H
DCA 62 94 32 0.84 H
LJ 64 88 24 0.67 M
LLT 60 88 28 0.70 H
NAW 45 82 37 0.67 M
RRH 60 95 35 0.88 H
RZ 62 85 23 0.61 M
RP 71 95 24 0.83 H
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Student Pre-test Post-test Post-Pre N-Gain Category
Difference
SPR 66 87 21 0.62 M
AD 60 87 27 0.68 M
Mean 60.00 89.40 29.40 0.734 H

As shown in Table 9, all 10 students obtained higher post-test than pre-test
performance scores. The mean score increased from 60.00 at pre-test to 89.40 at post-
test, corresponding to a mean increase of 29.40 points. Individual N-Gain values
ranged from 0.61 to 0.88. The overall mean N-Gain was 0.734, which was classified as
High according to the predefined criterion. Reporting N-Gain to two decimal places
for individual students provides a clearer distinction between scores close to the 0.70
classification threshold.

Assumption Testing

Before inferential analysis, the distribution of paired difference scores was
evaluated. Because the sample consisted of 10 students, the Shapiro-Wilk test was
used together with visual inspection of the Q-Q plot and outlier assessment using the
interquartile-range criterion. This combination of statistical and graphical assessment
is appropriate when evaluating normality in small samples (Habibzadeh, 2024; Shatz,
2024). The results are summarized in Table 10.

Table 10. Results of Assumption Testing

Test Result Decision
Shapiro-Wilk W =0.926, p = 414 Normality assumption
supported
Q-Q Plot Points approximately followed the Normality supported
diagonal reference line
Outlier inspection No outliers detected All observations retained

(IQR)

As presented in Table 10, the Shapiro-Wilk test showed no statistically
significant departure from normality, W = 0.926, p = .414. Visual inspection of the Q-
Q plot showed that the paired difference scores approximately followed the diagonal
reference line. The IQR procedure identified no outlying observations. Accordingly,
all 10 paired observations were retained for the subsequent paired-samples analysis.

Paired-Samples Comparison and Effect Size

After the assumption checks, a paired-samples t-test was conducted to compare
pre-test and post-test performance scores, and Cohen's d_z was calculated to quantify
the standardized within-group difference. The analysis followed the paired-data
procedures used in previous methodological applications of the paired-samples t-test
and within-subject effect-size reporting (Kharisma Putri Swastika et al., 2024; Perugini
et al., 2025; Yeager, 2022). The results are presented in Table 11.

Table 11. Paired-Samples Comparison of Pre-test and Post-test Performance Scores

Measure  Pre-test  Post- Mean 95% CI t df P Effect
M (SD) testM Difference Size
(SD)
Performance  60.00 89.40 29.40 2429- 1303 9 <.001 Cohen's
Score (7.50) (4.55) 34.51 d z=4.12

Jurnal Penelitian dan Pengkajian llmu Pendidikan: e-Saintika, July 2026 Vol. 10, No. 2

| 949



Hilmy et al. Development and Preliminary Evaluation of an .........

As shown in Table 11, mean practical design-performance scores increased from
60.00 (SD =7.50) at pre-test to 89.40 (SD = 4.55) at post-test. The mean paired difference
was 29.40 points, with a 95% confidence interval of 24.29 to 34.51 points. The paired-
samples analysis showed a statistically significant within-group difference, t(9) =
13.03, p < .001. The standardized paired effect size was Cohen's d_z = 4.12,
representing a very large within-group difference between the two assessment
occasions. Because this analysis was based on a one-group pretest-posttest design,
these results are reported as within-group performance differences rather than as

independent evidence of a causal treatment effect.

Representative Design Outputs

Representative pre- and post-implementation design outputs are shown in
Figures 5 and 6. Figure 5 compares CAD-phase design results before and after module
implementation, while Figure 6 compares the corresponding Maxsurf hull geometry.
These figures provide visual context for the technical-performance scores reported in
Table 9.

Figure 5. Comparison of CAD Design Results Before (a) and After (b) Module
Implementation

(a) (b)

Figure 6. Comparison of Maxsurf Design Results Before (a) and After (b) Module
Implementation
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Student Responses to the Digital Practicum Module

After completion of the module-supported practicum activities, all 10 students
completed the Student Response Questionnaire. Table 12 presents the distribution of
responses, item means, and item-level standard deviations for the 10 questionnaire
items.

Table 12. Student Response Questionnaire Results

Description SD D NAD A SA Mean SD
The digital practicum module has an 0 0 0 3 7 4.70 0.48
attractive design
The digital practicum module is easy 0 0 0 2 8 4.80 0.42
to use
The digital practicum module can be 0 0 0 0 10 5.00 0.00
accessed anywhere

The practicum instructions make the 0 0 0 2 8 4.80 0.42
procedures easier to understand

The tips provided in the module 0 0 0 1 9 4.90 0.32
support the practicum process

The module helps reduce the risk of 0 0 0 0 10 5.00 0.00
errors during design activities

The videos facilitate the practicum 0 0 0 0 10 5.00 0.00
process

The module design increases 0 0 0 2 8 4.80 0.42
enthusiasm during practicum

activities

The images and examples facilitate 0 0 0 2 8 4.80 0.42
practicum activities

The explanations are easy to 0 0 0 2 8 4.80 0.42
understand and support

understanding

Total / Overall 0 0 0 14 86 4.86 0.33
Obtained Score = Total x Weight 0 0 0 56 430

As shown in Table 12, no student selected Strongly Disagree, Disagree, or
Neither Agree nor Disagree for any questionnaire item. Across the 100 item responses,
14 responses were Agree and 86 were Strongly Agree. Item means ranged from 4.70
to 5.00. The overall mean response was 4.86, and the total weighted score was 486 of
a possible 500 points, corresponding to 97.2%, or 97% when reported as a whole
percentage. Based on the predefined response criteria in Table 6, the result was
classified as Strongly Positive. Items concerning access to the module, perceived
reduction of design errors, and usefulness of the embedded videos each obtained a
mean score of 5.00. Because these results were obtained from self-reported
questionnaire items, they represent students' perceptions of these module
characteristics rather than independently measured effects.

Reliability of the Student Response Questionnaire

The internal consistency of the Student Response Questionnaire was assessed
using Cronbach's alpha before interpreting the overall response score, consistent with
the questionnaire-reliability procedure described by Hinton et al. (2023). The
reliability result is presented in Table 13.
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Table 13. Reliability Analysis of the Student Response Questionnaire

Instrument Number of Cronbach's Interpretation
Items Alpha
Student Response 10 734 Acceptable Internal
Questionnaire Consistency

As shown in Table 13, the 10-item Student Response Questionnaire produced a
Cronbach's alpha coefficient of .734. This value indicated acceptable internal
consistency for the questionnaire used to describe students' responses to the
developed digital practicum module.

Discussion

Expert Validation and Content Validity of the Digital Practicum Module

The expert-validation findings provide complementary evidence regarding the
instructional and media feasibility of the developed digital practicum module. As
reported in Table 7, the material-validation process yielded an overall score of 92%,
classified as Very Valid. The individual dimensions also received consistently high
evaluations, including content appropriateness (93%), presentation or study
feasibility (92%), and contextual feasibility (90%). These findings indicate that the
instructional content was judged by the expert panel to be relevant to Ship Lines Plan
design, appropriately structured for practicum use, and sufficiently connected to the
professional context of Naval Architecture. Similar use of expert feasibility assessment
has been reported in previous electronic-module development studies, in which
expert judgement serves as an important stage before implementation with learners
(Rochsun & Agustin, 2020; Purba, 2024).

The media-validation results in Table 8 provide a complementary perspective on
the presentation of the module. Graphical feasibility obtained an average score of 87%,
whereas language appropriateness obtained 84%, resulting in an overall media-
validation score of 85% and classification as Very Valid. The comparatively lower
language score is important because it indicates that linguistic presentation remained
an area in which refinement was warranted even though the overall module met the
predefined feasibility criterion. This interpretation is consistent with the development
process described in the Methods, in which qualitative comments from validators
were used to improve wording, instructional clarity, and presentation after the
quantitative expert assessment.

The percentage-based validation findings were further supported by the Content
Validity Index analysis. All 18 items in the material-validation instrument and all 27
items in the media-validation instrument obtained an I-CVI of 1.00, resulting in an S-
CVI/Ave of 1.00 for both instruments. These values indicate complete agreement
among the respective expert panels that all evaluated items met the predefined
relevance criterion. However, an S-CVI/ Ave of 1.00 should be interpreted as complete
agreement regarding item relevance rather than as evidence that no further
refinement was necessary. Qualitative feedback from the validators was therefore still
used to improve language, instructional clarity, and presentation. This interpretation
is consistent with recommendations that quantitative content-validity evidence
should be considered together with expert qualitative judgement during instrument
and educational-resource development (Polit & Beck, 2006).
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The strong expert agreement obtained in this study is consistent with previous
educational and instrument-development studies reporting that high I-CVI and S-
CVI/Ave values provide evidence that evaluated content adequately represents the
intended construct or learning objectives (Ahmad et al., 2025; Swaramarinda et al.,
2022; Weerasinghe et al., 2023). Similar interpretations have also been reported by
Muhamad Jamil et al. (2024) and de Aratjo Baptista et al. (2024). Taken together, the
results in Tables 7 and 8 and the narrative CVI findings support the content and media
feasibility of the module for subsequent practicum testing while also providing a basis
for iterative refinement before student implementation.

Changes in Practical Ship Lines Plan Design Performance

The performance results indicate a substantial within-group improvement in
students' practical Ship Lines Plan design performance following implementation of
the digital practicum module. As shown in Table 9, the mean performance score
increased from 60.00 at pre-test to 89.40 at post-test, corresponding to an average
increase of 29.40 points. The mean N-Gain was 0.734, which falls within the High
category according to the criterion presented in Table 4. Because the assessment was
based on 30 technical Ship Lines Plan design criteria, these changes are more
appropriately interpreted as improvement in practical design performance rather than
as a direct measure of general cognitive ability.

The visual comparison of students' design outputs provides technical context for
this numerical improvement. Figures 7 and 8 show representative differences between
the pre- and post-implementation CAD and Maxsurf outputs, while the scoring
criteria illustrated in Figure 5 explain how technical quality was evaluated. In the pre-
implementation example, geometric inaccuracies were evident in the lines-plan
construction and bow configuration, which subsequently affected the corresponding
three-dimensional hull representation. In the post-implementation example, the
design displayed smoother and more proportionate geometry according to the
technical criteria represented in the performance rubric. These visual differences
complement, rather than replace, the quantitative performance evidence reported in
Table 9.

A relevant feature of the module is its integration of two-dimensional lines-plan
development with three-dimensional Maxsurf visualization. This connection allows
students to inspect how modifications to a 2D representation influence the resulting
hull geometry and to identify inconsistencies before finalizing a design. Maxsurf
therefore provides a visual feedback environment in which the relationship between
lines-plan geometry and the corresponding three-dimensional hull form can be
examined more directly. This interpretation is consistent with studies describing the
use of digital ship-modelling environments for geometric visualization and design
evaluation (Ramadhani et al., 2025; Zhang et al., 2024).

The module's instructional structure may also help explain the observed
performance pattern. Students were provided with step-by-step instructions,
reference images, practical tips, and video demonstrations within a single practicum
resource. Such support can reduce the need to reconstruct complex procedures from
isolated lecturer demonstrations and may allow students to revisit specific stages of
the design process when difficulties occur. Guo (2025) reported advantages of
integrating engineering software tools into project-oriented education, while Ilmi et
al. (2021) showed that structured digital learning modules can support learning
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improvement. Broader digital-learning research has likewise reported benefits
associated with interactive digital resources and structured instructional support
(Vaiopoulou et al., 2021; Yaniawati et al., 2021). In engineering education specifically,
Portillo et al. (2025) found that combining digital laboratory activities with structured
instructional strategies can improve students' practical learning performance.

Statistical Evidence for Within-Group Performance Improvement

The descriptive and N-Gain findings were supported by the inferential analysis.
Before the paired-samples comparison, the assumption checks reported in Table 10
indicated no statistically significant departure from normality in the paired difference
scores, and no outliers were identified using the IQR criterion. These findings
supported the use of the paired-samples t-test for the available data.

As reported in Table 11, the mean increase of 29.40 points was statistically
significant, t(9) = 13.03, p <.001, with a 95% confidence interval of [24.29, 34.51]. The
confidence interval indicates that the observed mean within-student increase was not
only statistically distinguishable from zero but was also substantial on the 0-100
performance scale. The use of a paired-samples analysis after assessing the
distributional assumption is consistent with the analytical approach reported by
Zhumabay et al. (2024).

The standardized paired effect size was also very large, Cohen's d_z = 4.12.
Because d_z standardizes the mean paired difference by the standard deviation of the
paired differences, it specifically describes the magnitude of change within the same
students rather than a standardized difference between two independent groups.
Explicit identification of the effect-size standardizer is important because different
formulations of Cohen's d answer different questions and are not necessarily directly
interchangeable (Lakens, 2013; Perugini et al., 2025). Thus, the value observed here
should be interpreted as a very large within-group standardized difference while
recognizing the small sample and study design.

The magnitude of the observed change is plausibly related to the combination of
structured instructional guidance and CAD/CAE-supported visualization. Pando
Cerra et al. (2023) reported that CAD learning can benefit from interactive learning
resources that support self-directed practice and formative feedback. Similarly, Afify
et al. (2024) and Dasgupta et al. (2021) emphasized the value of CAD-supported
learning environments for analysing, synthesizing, and evaluating engineering
designs. In the present module, students could move between procedural
explanations, visual examples, tutorial videos, two-dimensional drawings, and three-
dimensional hull representations. This combination may have supported iterative
checking and refinement of design decisions rather than relying solely on the final
drawing as the point of evaluation.

Nevertheless, the statistical improvement should not be interpreted as definitive
evidence that the module alone caused the observed change. The study used a one-
group pretest-posttest design without a comparison group. Therefore, practice effects,
repeated exposure to Ship Lines Plan activities, lecturer guidance, maturation across
the eight-week period, or other uncontrolled influences could also have contributed
to the observed improvement. Single-group pre-post designs are particularly
vulnerable to such alternative explanations, including testing effects, history,
maturation, and regression to the mean (Marsden & Torgerson, 2012). Accordingly,
the results provide strong preliminary evidence of within-group performance
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improvement associated with module implementation, but stronger causal
conclusions require a controlled experimental or quasi-experimental design.

Instructional Value of the CAD/CAE-Based Learning Approach

Beyond the statistical improvement, the integration of Maxsurf into the module
has implications for the type of design reasoning that students can practise.
Traditional two-dimensional lines-plan construction requires students to infer the
three-dimensional consequences of changes made to individual curves. By integrating
2D construction with 3D hull visualization, the present module allows students to
examine those consequences directly and revise the geometry when necessary. This
feature is particularly relevant in Naval Architecture, where fairness, proportionality,
dimensional consistency, and relationships among hull sections must ultimately
describe a coherent three-dimensional form.

The learning approach also aligns with project-based engineering education, in
which students develop knowledge through iterative design, problem-solving, and
production of a technical artefact. Jiang and Pang (2023) reported that project-based
learning can strengthen engineering-design skills through active engagement and
application of theoretical knowledge. Within this context, the developed module may
function as a scaffold that supports students as they progress through a longer Ship
Lines Plan design project while allowing the lecturer to focus on more complex
conceptual or geometric difficulties.

The use of industry-relevant CAD/CAE tools also has potential implications for
students' digital engineering preparation. Hermansah et al. (2025) reported that the
integration of digital engineering technologies into vocational learning can contribute
to the development of technology-related competencies and professional readiness. In
the present study, however, digital competency and employability were not measured
directly. Therefore, these should be regarded as potential educational implications of
using Maxsurf rather than as outcomes demonstrated by the present data.

Student Acceptance and Perceived Usability

The student-response findings complement the performance results by showing
how students perceived the module during implementation. As reported in Table 12,
the questionnaire produced an overall weighted score of 97%, classified as Strongly
Positive according to the response categories in Table 6. All responses were either
Agree or Strongly Agree, and the highest-rated items concerned accessibility,
perceived reduction of design errors, and the usefulness of the embedded video
tutorials. These findings indicate high user acceptance of the module among the
participating students. They should, however, be interpreted as self-reported
perceptions rather than objective measures of accessibility, error reduction, or
instructional effectiveness.

The positive responses are consistent with previous studies indicating that
accessible and interactive digital learning resources are generally well received by
learners (Juniantari et al., 2023; Yulianisa & Sudihartinih, 2022). The digital flipbook
format may be particularly useful because it combines several instructional resources
within a single access point rather than requiring students to consult separate printed
instructions, videos, and examples. The accessibility of digitally distributed learning
resources has also been discussed in previous flipbook and mobile-learning studies
(Hilmy et al., 2025; Zhang et al., 2017).
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Interpretation of the questionnaire results is further supported by the reliability
analysis reported in Table 13. The 10-item Student Response Questionnaire yielded a
Cronbach's alpha of .734, indicating acceptable internal consistency (Hinton et al.,
2023). This result supports interpretation of the questionnaire as a reasonably coherent
measure of students' responses to the module. However, internal consistency does not
by itself establish all aspects of instrument validity, and the result should therefore be
interpreted together with the prior expert review of the questionnaire and the specific
constructs represented by its items (Tavakol & Dennick, 2011).

Practical and Research Implications

The findings have several practical implications for Ship Lines Plan instruction.
First, the interactive digital flipbook can function as a structured practicum guide
within a semester-long design project. By combining procedural instructions, visual
examples, tutorials, and CAD/CAE-based modelling, the module can provide
students with a consistent reference that remains available beyond lecturer
demonstrations. This structure may support a learning arrangement in which
students work more independently while lecturers concentrate on conceptual
clarification and technically complex design problems.

Second, the module provides a bridge between lines-plan construction and
subsequent digital ship-design activities. Because the workflow produces both 2D
lines plans and 3D hull models in Maxsurf, the resulting models can potentially be
extended to later learning activities involving stability, resistance, motion, and other
ship-performance analyses. Such extension would allow future versions of the module
to connect hull-form development with a broader CAD/CAE workflow rather than
treating Ship Lines Plan design as an isolated drawing exercise. More broadly,
numerical and computational analyses are already used for downstream technical
evaluation in naval engineering (Ghofur et al., 2022).

Third, the digital flipbook itself can be accessed using smartphones and
computers, which facilitates repeated access to instructions, images, and QR-linked
tutorial videos. This accessibility should be distinguished from the computational
requirements of the actual Maxsurf design activities: students still require access to
compatible CAD/CAE software and appropriate computer hardware to perform the
modelling tasks. In the present study, implementation was facilitated by the fact that
participants had previously completed introductory CAD and Maxsurf instruction
and therefore entered the practicum with basic software-operating skills.

From a research perspective, the study demonstrates the feasibility of evaluating
an engineering practicum module using complementary evidence from expert
validation, technical performance assessment, inferential statistics, effect-size
estimation, and student-response measurement. Future evaluations could extend this
framework through controlled comparisons, multi-institutional implementation,
independent scoring, delayed post-tests, and objective geometric-error measures.

Research Limitations and Directions for Future Research

Several limitations should be considered when interpreting the findings. First,
the study involved only 10 students from a single institution. Although all eligible
students in the cohort participated, the small and institution-specific sample limits the
generalizability of the results to other Naval Architecture programmes, institutions,
student populations, and instructional settings. Future studies should therefore
involve larger samples from multiple institutions.

Jurnal Penelitian dan Pengkajian llmu Pendidikan: e-Saintika, July 2026 Vol. 10, No. 2

956



Hilmy et al. Development and Preliminary Evaluation of an .........

Second, the absence of a control or comparison group substantially limits causal
inference. Although Tables 9 and 11 demonstrate clear within-group improvement,
the design cannot isolate the contribution of the module from practice effects,
maturation, repeated lecturer interaction, increased familiarity with Maxsurf, or other
events occurring during the eight-week practicum. This is a recognized limitation of
single-group pretest-posttest designs (Marsden & Torgerson, 2012). Future research
should employ controlled experimental or quasi-experimental designs where feasible.

Third, students' design outputs were assessed by a single lecturer. The assessor's
subject-matter expertise supports the disciplinary relevance of the scoring, but the use
of one assessor prevents evaluation of inter-rater reliability and creates the possibility
of scorer-specific bias. Future studies should use at least two independent assessors,
preferably with blinded or partially blinded scoring procedures, and report inter-rater
agreement or reliability.

Fourth, the study assessed performance immediately after the module-
supported learning period. Consequently, the findings do not establish whether
improvements in Ship Lines Plan design are retained over time or transferred to
different ship types and more complex design tasks. Delayed post-tests and transfer
tasks would provide stronger evidence regarding retention and application of the
acquired skills.

Fifth, several post-test scores approached the upper range of the performance
scale. This pattern suggests a possible ceiling effect and may have reduced the ability
of the assessment rubric to discriminate among higher-performing students. Future
versions of the assessment could include more demanding technical criteria or
objective geometric-error metrics to provide greater sensitivity at the upper end of
performance.

Finally, the module-development process revealed a practical challenge in
translating a complex CAD/CAE workflow into concise and unambiguous step-by-
step instructions. Although expert review and iterative revision were used to improve
instructional clarity, future module development should include additional task-
based usability testing in which students' difficulties, navigation behaviour, task-
completion time, and points of procedural confusion are systematically recorded. This
would complement expert validation with direct evidence about how clearly the
instructional sequence functions during actual practicum use.

Future research should therefore combine larger multi-institutional samples,
experimental or quasi-experimental comparison groups, multiple independent
assessors, delayed performance assessments, objective design-error measures, and
systematic usability evaluation. A particularly informative comparison would
examine 2D-only instruction against an integrated 2D/3D Maxsurf workflow to
determine more precisely which components of the digital CAD/CAE learning
environment contribute to students' design performance.

CONCLUSIONS

This study developed and preliminarily evaluated an interactive digital flipbook
module for CAD/CAE-based Ship Lines Plan design using Maxsurf. Expert
evaluation indicated that the module met the predefined feasibility criteria for both
instructional content and media design, while the content-validity analysis
demonstrated strong agreement among the expert panels regarding the relevance of
the evaluated items.
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The one-group pretest-posttest evaluation involving 10 Naval Architecture
students showed a substantial improvement in practical Ship Lines Plan design
performance. The mean performance score increased from 60.00 at pre-test to 89.40 at
post-test, with a mean N-Gain of 0.734, classified as High. The paired-samples analysis
confirmed a statistically significant within-group difference, t(9) = 13.03, p <.001, with
a very large standardized paired effect size (Cohen's d_z = 4.12). These findings
provide preliminary evidence that the developed module is associated with
meaningful improvement in students' practical CAD/CAE-based Ship Lines Plan
design performance.

Students also reported a strongly positive response to the module, with an
overall response score of 97% and acceptable internal consistency of the Student
Response Questionnaire (Cronbach's alpha = .734). These results indicate that the
module was well accepted by the participating students and that its instructional
presentation, digital features, and integrated practical guidance were perceived as
useful during the practicum activities.

The findings support the feasibility and practical potential of the interactive
digital practicum module as a structured learning resource for Ship Lines Plan design.
The integration of written instructions, visual examples, video tutorials, and Maxsurf-
based 2D and 3D modelling provides students with a coherent workflow for
developing and evaluating hull geometry during practical learning. However,
because the study involved a small single-institution sample and used a one-group
pretest-posttest design without a control group, the findings should be interpreted as
preliminary evidence rather than definitive causal proof of instructional effectiveness.

RECOMMENDATIONS

Future research should extend the content of the module beyond Ship Lines Plan
development to include subsequent CAD/CAE-based ship-performance analyses,
such as stability, resistance, motion, and other relevant Maxsurf applications. Such
expansion would allow students to connect hull-form development with a broader
digital ship-design workflow.

Future studies should also employ controlled experimental or quasi-
experimental designs with larger, multi-institutional samples to strengthen causal
inference and improve the generalizability of the findings. Longitudinal studies
incorporating delayed post-tests are recommended to examine the retention of
practical CAD/CAE-based ship-design skills over time.

Additional research should investigate different ship hull types, use multiple
independent or blinded assessors, incorporate objective geometric-error measures,
and evaluate usability indicators such as task-completion time, navigation difficulty,
and procedural errors. Comparative studies between 2D-only instruction and
integrated 2D /3D CAD/CAE learning workflows would also help determine which
components of the digital learning environment contribute most strongly to students'
practical design performance.
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