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Purpose: This study reports the classroom implementation and student-
perceived usability of SIRKULASIKU, a visual novel game developed with
the ADDIE model for fifth-grade IPAS (natural science) learning on the
human circulatory system, and examines preliminary learning outcomes as
indicative evidence of its instructional potential. Methods: A descriptive
quantitative design with a one-group pretest—posttest component was used.
Eighteen fifth-grade students (aged 10-11) from a private elementary school
in Bekasi Regency participated in a single 70-minute session. Usability was
measured with the Indonesian adaptation of the System Usability Scale (SUS);
learning outcomes were measured with a 10-item multiple-choice test

analysed using N-gain and the Wilcoxon signed-rank test. Findings: The
mean SUS score was 73.75 (SD = 15.58), within the Good rating, with
acceptable internal consistency (Cronbach’s o = 0.78), and learnability and
ease of use as the strongest items. As preliminary single-group evidence,
scores rose from 66.11 at pre-test to 90.56 at post-test, giving a mean N-gain
0f 0.725 (Wilcoxon W*=153.0, p <0.001; effect size r = 0.85). An exploratory
analysis found no significant link between usability and learning gain
(Spearman’s p = 0.22, p = 0.37). Research Implications: The results offer
preliminary, non-causal indications that a simple narrative-driven visual novel
can support elementary science learning, and they suggest concrete design
refinements, including an embedded tutorial and optional voice narration. Two
measurement limitations should be acknowledged: the reliability and item
characteristics of the knowledge test could not be assessed because item-level
responses were not retained, and the SUS, which was developed for adult
populations, may carry interpretive bias when used with children. Originality:
This study advances the SIRKULASIKU project from expert-validated design
to authentic classroom implementation, and provides a joint evaluations of
usability and preliminary learning outcomes for a visual novel on the human
circulatory system at the elementary level, an underexamined pairing in
Indonesian IPAS research, where usability is rarely treated as a precondition
for instructional value.
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INTRODUCTION

In Indonesian elementary schools, natural and social science is taught through the integrated IPAS (Ilmu Pengetahuan
Alam dan Sosial) subject of the Merdeka Curriculum, which combines science and social studies to foster a holistic,
inquiry-based understanding of natural and social phenomena and to strengthen students’ scientific literacy and critical
and analytical thinking (Waseso et al., 2024). The teaching of biological concepts at the primary level, in particular,
aims to enhance students’ scientific and biological literacy and to prepare learners to make informed decisions as active
citizens (Tzovla & Kedraka, 2020). Among the biological topics in the fifth-grade IPAS curriculum, the human
circulatory system occupies a central position: it connects cellular functions to organ-level processes and provides a
concrete context for learning about health, homeostasis, and the interdependence of bodily structures (Conceigao et
al., 2019; Gnidovec et al., 2020). Mastery of this topic is not only required by the national curriculum but is also
foundational to students’ long-term biological literacy and health awareness.
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Despite its curricular importance, the circulatory system is consistently identified as one of the most difficult
topics for students to master. Much of this difficulty stems from the abstract and largely invisible nature of internal
physiological processes, which cannot be directly observed in the classroom; students consequently struggle with
cardiovascular concepts and frequently hold persistent misconceptions, such as viewing blood flow as a single
continuous loop (Ittikitpaisarn & Jittivadhna, 2025). Maryani et al. (2018) documented that fifth-grade students in
Indonesian elementary schools experience significant learning difficulties with human organ systems, attributing these
to the high conceptual complexity of the content and the inadequacy of conventional instructional media. Conversely,
structured, activity-based lessons have been shown to improve students’ meaningful learning of blood circulation
(Cengiz, 2024), indicating the value of moving beyond passive, lecture-based delivery toward more interactive and
experiential media. This pedagogical challenge underscores the need for innovative, technology-enhanced learning
media for [PAS (Kirana et al., 2025; Yaumi & Rohmah, 2024).

The integration of digital interactive media into elementary IPAS learning has gained considerable momentum.
Research in the Indonesian context suggests that interactive digital and augmented reality media can enhance student
engagement, motivation, and science concept understanding (Kirana et al., 2025; Yaumi & Rohmah, 2024). Meta-
analytic evidence confirms that game-based learning produces significant learning gains relative to non-game
conditions across K—16 populations (Clark et al., 2016), with effects extending to early childhood and elementary
science contexts (Alotaibi, 2024). Jayanti & Setyasto (2024) demonstrated that a flipbook-based digital medium on the
circulatory system for Grade V students produced an N-gain of 0.56 (moderate), while Rahman & Setyasto (2025)
reported an N-gain of 0.76 (high) for an augmented reality-assisted e-teaching material on the same topic.

Among digital learning media formats, visual novel games represent a distinctive approach with specific
advantages for elementary IPAS instruction. Their sequential narrative structure scaffolds complex content into
manageable, interconnected episodes, and their character-driven storytelling helps sustain motivation (Fenici & Mosca,
2023; Gunawan et al., 2026). Prayogi & Prihatin (2024) found that visual novel games improved self-directed learning
in elementary IPAS students, while Chau & Nasir (2021) reported improvements in biology learning motivation among
secondary students. A survey of educational visual novels has identified a range of design and teaching strategies
through which the genre delivers subject matter within an interactive narrative (Camingue et al., 2020). Its
characteristic interface conventions: tap-to-advance dialogue, static character illustrations, and a persistent text box,
build on familiar interaction patterns, which in principle limits the extraneous cognitive load imposed by the interface.
Critically, however, for a visual novel game to deliver instructional value, it must first be usable: when learners must
divert cognitive resources to navigating an unfamiliar interface, learning efficiency decreases (Sweller, 1988).

Most of this work, however, evaluates either learning gains or, less often, user experience, and seldom both for
the same medium. Usability in particular is rarely treated as a condition for a medium’s instructional value rather than
a separate concern, and few studies pair the two for a visual novel at the elementary level. The present study addresses
that gap. It evaluates SIRKULASIKU, a visual novel developed and expert-validated in an earlier ADDIE study
(Charmelita et al., 2024) for fifth-grade IPAS learning on the human circulatory system. The present study constitutes
the implementation and evaluation phase, in which usability is the primary focus and learning outcomes are examined
as preliminary evidence. It addresses two complementary aspects: (1) student-perceived usability via the System
Usability Scale (SUS), and (2) preliminary learning outcomes from a pretest—posttest session, interpreted as indicative
evidence of instructional potential rather than proof of effectiveness. The research addresses the following question:
How do fifth-grade elementary students perceive the usability of SIRKULASIKU as a visual novel game-based
learning medium, and how do they perform on IPAS knowledge of the circulatory system after using it? Because the
design is descriptive and exploratory rather than comparative, no directional hypothesis was set; the aim is to
characterise usability and initial learning, not to test a predicted effect.

METHOD

Research Design

This study employed a descriptive quantitative design with a one-group pretest—posttest component. The primary aim
was to document the classroom implementation and student-perceived usability of SIRKULASIKU in a naturalistic
IPAS classroom setting, with learning outcomes examined as preliminary, non-causal evidence. No control group was
employed; therefore, all claims regarding learning effects are presented as preliminary and non-causal. This study
represents the implementation and evaluation phase of an ADDIE-based development project; the design,
development, and expert validation phases have been reported in Charmelita et al. (2024)
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The SIRKULASIKU Visual Novel Game

SIRKULASIKU is a narrative-driven visual novel game developed to teach the human circulatory system to fifth-
grade students. The game places the player in the role of an elementary school student who must prepare for a biology
quiz on the circulatory system. A teacher character guides the player through the material via structured dialogue
sequences displayed in a text box at the bottom of the screen. Educational content covering the structures and functions
of the heart, blood vessels, and blood is delivered through dialogue supported by illustrations and embedded short
educational videos (Figure 1). After the instructional sequences, the player responds to embedded quiz questions to
reinforce content. A complete gameplay session lasts approximately 30 minutes. The game was designed to minimise
interface complexity, requiring only basic tap or click interactions, with the intent of reducing extraneous cognitive
load and ensuring accessibility for students with limited prior gaming experience.

irkulasiKu - o >

“ ’

Sedangkan pembuluh darah yang berguna untuk mengalirkan
karbondioksida dari seluruh tubuh menuju jantung disebut juga dengan
‘PEMBULUH BALIK ATAU VENA’

.Figure 1. The teacher’s character explains the circulatory system /

Research Context and Participants

The study was conducted at a private elementary school in Bekasi Regency, West Java, Indonesia. Participants
consisted of 18 fifth-grade students (10 male, 56%; 8 female, 44%; aged 10-11 years). All enrolled students in the
target class participated using a total sampling technique. The classroom teacher was present throughout the session
for instructional oversight and offered informal contextual feedback on the game; this feedback was not collected or
analysed as a formal research instrument. School administration approval was obtained prior to data collection.

Instruments

Two main instruments were used. First, a 10-item multiple-choice knowledge test targeting curriculum-aligned factual
knowledge of the human circulatory system (structures, functions, and associated health conditions relevant to Grade
5 TIPAS); items were reviewed by the classroom IPAS teacher to ensure content validity (Table 1). Each correct
response was awarded one point (maximum: 10). Second, the Indonesian adaptation of the System Usability Scale
(SUS) (Brooke, 2013; Sharfina & Santoso, 2016) was used to assess perceived usability. The SUS consists of 10
Likert-scale items (1-5) alternating between positively and negatively worded statements, yielding a score from 0 to
100 (Table 2). In this sample its internal consistency was acceptable (Cronbach’s a = 0.78). Because the SUS was
originally validated for adults (Putnam et al., 2020), each item was read aloud and explained by the researcher before
students responded. The classroom IPAS teacher also provided informal contextual feedback on the alignment of the
game with the Grade 5 IPAS curriculum, though this was not analysed as a formal instrument.

Table 1. Knowledge Assessment Items
Nu. Question
One of the organs responsible for pumping blood throughout the body is
Which one is NOT a function of blood?
Blood cancer is also known as
The largest artery is called
The blood vessel carrying blood from the heart to the body is

DW=
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Nu. Question
6 The component of blood that eliminates germs is
7 The human circulatory system consists of
8 The vessel transporting CO--rich blood to the heart is
9 The smallest blood vessels are called
10 The disease caused by a deficiency of red blood cells is

Table 2. Indonesian version of the SUS questionnaire

Nu. Statement (Indonesian)

1 Saya berpikir akan menggunakan sistem ini lagi

2 Saya merasa sistem ini rumit untuk digunakan

3 Saya merasa sistem ini mudah untuk digunakan

4 Saya membutuhkan bantuan dari orang lain atau teknisi dalam menggunakan sistem ini

5 Saya merasa fitur-fitur sistem ini berjalan dengan semestinya

6 Saya merasa ada banyak hal yang tidak konsisten pada sistem ini

7 Saya merasa orang lain akan memahami cara menggunakan sistem ini dengan cepat

8 Saya merasa sistem ini membingungkan

9 Saya merasa tidak ada hambatan dalam menggunakan sistem ini

10 Saya perlu membiasakan diri terlebih dahulu sebelum menggunakan sistem ini
Data Analysis

Learning outcome data were analysed using the Wilcoxon signed-rank test (o = 0.05) following confirmation of non-
normality via the Shapiro—Wilk test. The normalised gain (N-gain) was calculated for each student and interpreted
using standard criteria: high (g > 0.70), medium (0.30 < g < 0.70), and low (g <0.30) (Hake, 1998). The effect size for
the Wilcoxon test was reported as r = z/\N. SUS scores were calculated and interpreted following standard procedures
(Brooke, 1996, 2013), using the adjective rating scale of Bangor et al. (2009), and internal consistency was estimated
with Cronbach’s a. The relationship between usability and learning gain was examined with Spearman and Pearson
correlations. All analyses were conducted using Python with standard statistical libraries.

RESULTS

This study evaluated the learning outcomes and usability of the SIRKULASIKU visual novel game with eighteen fifth-
grade students from a private elementary school in Bekasi Regency. As shown in Table 3, the mean pre-test score was
66.11 (SD = 11.95), which increased to 90.56 (SD = 9.38) at post-test. Table 4 presents the individual N-gain scores,
yielding a mean N-gain of 0.725 (SD = 0.287; 95% CI [0.582, 0.868]), which falls within the High category according
to Hake’s criteria. The Wilcoxon signed-rank test confirmed a statistically significant pre—post difference (W*=153.0,
p <0.001), with a large effect size (r = z\N = 0.85). Nine students achieved high gains, eight achieved medium gains,
and one student (STD14) showed no gain.

Table 3. Descriptive statistics for pre-test and post-test scores (N = 18)

Test N Min Max Mean SD 95% CI

Pretest 18 50 80 66.11 11.95 [60.17, 72.05]

Post-test 18 70 100 90.56 9.38 [85.89, 95.22]
Table 4. N-gain scores per student (N = 18)

Student Pretest Post-test N-gain Category
STDO1 80 100 1.000 High
STDO02 80 100 1.000 High
STDO03 70 90 0.667 Medium
STD04 50 90 0.800 High
STDOS 70 80 0.333 Medium
STDO06 50 100 1.000 High
STDO07 50 100 1.000 High
STDOS8 70 90 0.667 Medium
STDO09 60 80 0.500 Medium
STD10 70 90 0.667 Medium
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Student Pretest Post-test N-gain Category
STD11 60 90 0.750 High
STD12 50 70 0.400 Medium
STD13 70 100 1.000 High
STD14 80 80 0.000 Low
STD15 80 100 1.000 High
STD16 70 90 0.667 Medium
STD17 80 100 1.000 High
STD18 50 80 0.600 Medium

Mean 66.11 90.56 0.725 High

The student-perceived usability yielded an overall mean System Usability Scale (SUS) score of 73.75 (SD = 15.58)
with a median of 75.00, as shown in Table 5. This falls within the Good rating on the adjective rating scale of Bangor
et al. (2009) and exceeds the widely accepted threshold of 68 (Sauro & Lewis, 2016). Internal consistency in this
sample was acceptable (Cronbach’s o = 0.78). Table 6 presents the individual SUS scores and usability categories,
showing that three students rated the game Best Imaginable, five Excellent, seven Good, two OK, and one Poor, and
twelve of the eighteen students scored above 70.

Table S. Descriptive statistics for SUS scores (N = 18)

Mean SD Median Q1 Q3 IQR 95% CI
73.75 15.58 75.00 67.5 82.5 15.0 [66.00, 81.50]
Table 6. Individual SUS scores and usability categories (N = 18)
Student SUS Score Rating (Bangor et al., 2009)
STDO1 82.5 Excellent
STDO02 70.0 Good
STDO03 60.0 OK
STD04 85.0 Excellent
STDO05 67.5 Good
STDO06 75.0 Good
STDO7 82.5 Excellent
STDOS 32.5 Poor
STDO09 65.0 Good
STD10 82.5 Excellent
STD11 90.0 Best Imaginable
STD12 82.5 Excellent
STD13 72.5 Good
STD14 67.5 Good
STD15 92.5 Best Imaginable
STD16 95.0 Best Imaginable
STD17 50.0 OK
STD18 75.0 Good
Overall 73.75 Good

Table 7 reports the mean of each SUS item. Because a single item is not a usability construct in its own right, these
means are given only as item-level descriptives and are not read as separate dimensions. The most positively rated
items concerned ease of learning (item 7, M = 4.39), ease of use (item 3, M = 4.28), and the integration of functions
(item 5, M = 4.17). The two negatively worded items on complexity and inconsistency drew correspondingly low
scores (item 8, M = 1.78; item 6, M = 1.83), which means students did not find the game confusing. The two weaker
points were the need for technical help (item 4, M = 2.06) and the need to get used to the game first (item 10, M =
3.00), both of which point to the start-up phase rather than the interface as a whole.
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Table 7. Item-level SUS descriptive statistics (N = 18)

Item Type Item content (abbreviated) Mean SD
7 + Others would learn it quickly 4.39 0.70
3 + Easy to use 4.28 0.75
5 + Functions well integrated 4.17 0.99
8 — System cumbersome 1.78 1.00
6 — Too much inconsistency 1.83 0.99
9 + Felt confident using it 3.78 1.26
1 + Would use it again 3.72 1.27
2 = System complex 2.17 1.15
4 — Needed technical help 2.06 1.16
10 — Needed to get used to it 3.00 1.24

Figure 2 summarises both distributions. The post-test box sits well above the pre-test box and the two barely overlap
(panel a), while most SUS scores fall above the 68 acceptability line, with one low outlier at 32.5 (panel b).

(a) Pre-test vs. post-test scores 100 (b) SUS usability scores
100 A Y
90 .
901 S 80
— o
(e} -~ °
S 804 — — “° S 70 | UM - c
| ~—
e g
[} 70 1 E—— o 60 r
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960 .. £ 507 —
n
40
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30 ©
40 T T T
Pre-test Post-test SUS score
Figure 2. Distribution of (a) pre-test and post-test scores and (b) SUS usability scores (N=18)
DISCUSSION

SIRKULASIKU’s mean N-gain of 0.725 falls within the high category and is broadly comparable with results from
other digital IPAS media on the same topic in the Indonesian elementary context. The two most directly comparable
studies both addressed the human circulatory system for Grade V students: Jayanti & Setyasto (2024) reported an N-
gain of 0.56 (moderate) for a Kvisoft flipbook, and Rahman & Setyasto (2025) reported 0.76 (high) for an augmented
reality-assisted e-teaching material. Game-based and edugame formats for integrated science at the elementary level
have likewise been reported to improve learning achievement (Paradisa & Ratnaningrum, 2025). These studies differ
in design, instruments, and length, and no direct comparison was made here. Thus, the parallels are intended solely as
contextual benchmarks and do not substantiate any claim of comparative effectiveness or superiority of the visual
novel over other media. The single student who showed no gain (STD14) had already scored at the upper end of the
pre-test (80) and remained there, a pattern more consistent with a ceiling effect than with a failure of the medium, and
a reminder that aggregate gain scores can mask individual starting points.

Several design features plausibly account for the observed engagement and knowledge gains. The visual novel
format segments complex circulatory-system content into short, character-driven dialogue units, an arrangement
consistent with the segmenting and multimedia principles, under which learners comprehend integrated words and
pictures better than words alone and benefit when dense material is broken into learner-paced parts (Mayer, 2020). By
keeping interaction minimal and the interface predictable, the format also limits extraneous cognitive load, leaving
more working-memory capacity for the material itself (Sweller, 1988). In addition, the quiz questions embedded after
each instructional segment function as low-stakes retrieval practice with immediate feedback, design elements
associated with engagement and retention in game-based learning (Plass et al., 2015). Consistent with this account,
STDOS, who recorded the lowest usability score in the session, still achieved a medium N-gain of 0.667, suggesting
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that the narrative scaffolding supplied enough contextual support for knowledge acquisition even when interface
fluency was limited. These mechanisms are offered as plausible interpretations rather than tested pathways, since the
present design isolates neither individual features nor their interaction.

The mean SUS score of 73.75 sits within the Good rating and exceeds the cross-study benchmark of 70.09 that
Vlachogianni & Tselios (2022) derived from 104 educational-technology studies, indicating that SIRKULASIKU’s
usability is competitive with mature educational technology despite being a first-iteration prototype. The item-level
profile is internally coherent and diagnostically useful. High ratings on learnability, ease of use, and functional
integration, together with low ratings on cumbersomeness and inconsistency, point to an interface that students found
clear and predictable. The comparatively less favourable ratings concentrated on two specific items: the need for
technical assistance (item 4) and the need for prior familiarisation (item 10). Read together, this pattern locates the
weakness in initial onboarding rather than in the coherence of the interface itself: students did not find the system
confusing, but a subset needed help getting started. Distinguishing onboarding friction from interface incoherence
matters for design, because the two call for very different remedies. The wide spread of individual scores (32.5 to 95.0)
is consistent with this reading and likely reflects differences in students’ prior experience with digital devices and
games, a factor not formally measured here and worth recording directly in future work.

It would be natural to expect that students who found the game easier to use also learned more from it, but the
data do not show that. Across the class, SUS scores and N-gains were essentially unrelated (Spearman’s p =0.22, p =
0.37; Pearson’s r = 0.15, p = 0.57). STD08 makes the point again, pairing the lowest usability score (32.5, Poor) with
a medium gain of 0.667. Two readings are possible, and they are not exclusive. The sample is small (n = 18), and both
measures bunch near their ceilings, with most gains high and most SUS scores in the Good-to-Excellent rating, which
leaves little spread for a correlation to surface. More substantively, usability may work as a threshold rather than a
dial: once a game is usable enough not to get in the way, further gains in perceived usability need not buy further
learning. On that reading, good usability earns its place by removing an obstacle, not by lifting outcomes in proportion.
Either way, the present design cannot settle the question, and a larger controlled study would be needed to test it
directly.

For practice, the findings suggest that a simple, narrative-driven visual novel can be deployed in a regular IPAS
lesson with minimal infrastructure, and that most Grade V students can operate it independently after a brief
orientation. The onboarding friction identified above, however, has direct practical consequences: in a full classroom
a teacher cannot provide simultaneous one-to-one technical support, so the most actionable design response is an
embedded interactive tutorial that orients students to the navigation before the science content begins. Optional voice
narration for all dialogue would further reduce the reading-fluency demands that may underlie the lowest usability
scores, widening access for students with limited literacy. Until learning effectiveness is established under controlled
conditions, the medium is best positioned as a supplement that reinforces teacher-led instruction rather than a stand-
alone replacement, with the teacher facilitating onboarding and connecting the on-screen content to classroom
discussion.

Several limitations qualify these interpretations. The sample was drawn from a single private school in Bekasi
Regency, which constrains generalisability to settings with different infrastructure or student demographics. The
single-session design cannot establish whether usability perceptions or knowledge gains are stable over time. The SUS
was validated for adults, and although each item was read aloud and explained, this is only a partial mitigation of the
known limits of self-report usability measures with children (Putnam et al., 2020). For the knowledge test, item-level
responses were not retained, so its internal-consistency reliability, item difficulty, and discrimination could not be
computed; content validity rested on the class teacher’s review. Finally, the design is pre-experimental: the same items
were used at pre-test and post-test in one session, which invites a testing effect, and without a control group the gains
cannot be attributed to the game. Future research should therefore employ larger and more diverse samples, controlled
designs with parallel-form assessments, longitudinal usability measurement across multiple sessions, and qualitative
methods such as think-aloud protocols to examine how elementary students actually interact with game-based IPAS
media.

CONCLUSION

This study reported the classroom implementation and student-perceived usability of SIRKULASIKU, a visual novel
game for fifth-grade IPAS learning on the human circulatory system, and examined its learning outcomes as
preliminary evidence. The mean SUS score of 73.75 fell within the Good rating with acceptable reliability (o = 0.78),
indicating that most fifth-grade students could operate SIRKULASIKU independently in a naturalistic classroom
setting; item-level analysis identified learnability and ease of use as usability strengths and the need for technical
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assistance and prior familiarisation as actionable design gaps for future development cycles. The pre—post knowledge
gain (mean N-gain = 0.725; Wilcoxon W*=153.0, p <0.001; r = 0.85) is interpreted strictly as preliminary, indicative
evidence of instructional potential rather than proof of effectiveness, given the single-group, pre-experimental design
with identical pre- and post-test items administered within one session. Additionally, the reliability and item
characteristics of the knowledge test could not be examined because item-level responses were not retained, which
further tempers the interpretability of the observed learning gains. Usability and learning were assessed as separate
constructs, and an exploratory analysis found no significant correlation between them (p = 0.22); consequently, any
causal or conditional linkage remains empirically untested. The contribution is twofold. Practically, the study
demonstrates that a low-cost visual novel can be effectively deployed within a standard IPAS lesson and offers
developers a concrete direction for refinement, particularly regarding embedded tutorials and optional narration.
Theoretically and methodologically, it posits usability as a necessary precondition for a learning medium's pedagogical
value rather than an ancillary concern, and proposes the hypothesised usability - learning relationship as a testable
framework for future controlled investigations. Subsequent research should pursue controlled experimental evaluations
with larger samples, parallel-form assessments, and qualitative methods to establish the learning effectiveness and
long-term usability of SIRKULASIKU more definitively.
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