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ABSTRACT
In the digital era, the development of Higher-Order Thinking Skills (HOTS) has become a crucial goal in

science education. To address this need, the Integrated Digital Learning Environment (IDLE) was designed
as an innovative web-based platform that integrates interactive student worksheets and a virtual laboratory
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for learning blood type concepts. This research was based on the 4-D model: define, design, develop, and
disseminate. Expert validation studies demonstrated that IDLE fulfilled the “valid” requirements, with
Aiken’s V ratings of 0.85 from content experts and 0.91 from media experts. Practicality assessment revealed
that the platform received a “very practical” rating from teachers (87.78%) and students (81.10%). IDLE
was evaluated for its effectiveness using a quasi-experimental study that included both an experimental group
and a control group. The results of the independent samples t-test indicated no significant difference in
pretest scores between the two groups, indicating equivalent initial HOTS levels. However, posttest analysis
demonstrated a highly significant difference in favor of the experimental group (p < 0.001), supported by
higher N-gain scores across HOTS domains (analysis, evaluation, and creation). These findings demonstrate
that IDLE is both valid and practical, as well as beneficial in improving students’ HOTS. Future research is
recommended to explore the scalability of IDLE across diverse learning contexts and to examine its long-
term impact on students’ conceptual retention and transfer of HOTS.

Keywords: Higher order thinking skills (hots), integrated digital learning environment (idle), instructional
media development, web-based worksheet, virtual laboratory.

INTRODUCTION

Fostering Higher-Order Thinking Skills (HOTS), such as analyzing, evaluating, and creating, has emerged
as a key objective in 21st-century education, especially in science education. These cognitive skills are
crucial for improving students’ problem-solving abilities and preparing them to participate in meaningful
learning (Fatahillah, Liyandri, & Monalisa, 2021). However, many senior high school students still struggle
in demonstrating adequate HOTS, especially when learning abstract or complex biological topics, such
as blood types, which require conceptual understanding and analytical reasoning (Luzyawati, Hamidah,
Fauzan, & Husamah, 2025).

Fortunately, advances in digital learning technology offer promising opportunities to strengthen HOTS.
Web-based student worksheets, for example, can provide structured guidance that stimulates analytical
reasoning through step-by-step problem exploration and data interpretation (Saputri et al., 2025; Winarto
et al., 2025). Meanwhile, another advance in the form of virtual laboratories allows learners to engage in
simulated experiments, requiring them to interpret outcomes, evaluate procedures, and design alternative
solutions that directly align with evaluation and creation in the HOTS taxonomy (Anderson & Krathwohl,
2001; Krathwohl, 2002). When designed properly, these digital tools can serve as platforms for developing
not only content knowledge but also higher-order cognitive engagement.

In line with this potential, previous studies have explored the role of web-based worksheets in enhancing
HOTS. For example, a study found that web-based worksheets provide scaffolding to enhance problem-
solving skills (Muslimin, Handayanto, & Sari, 2024). Similarly, Mutlu (2020) found that structured
worksheets enhanced students’ scientific reasoning. However, these studies were limited to stand-alone
worksheets and did not connect them with more dynamic experimental environments, thus restricting
opportunities for deeper cognitive engagement.

Complementary to worksheets, research on virtual laboratories has shown their potential to strengthen
HOTS in different ways. Research by Mejia Calderon, and Romero Piedrahita (2025) demonstrated
that virtual labs helped students analyze complex phenomena, while another study by Wu, Sarwono, and
Huang (2025) highlighted their capacity to foster evaluative thinking by requiring students to judge the
validity of experimental results. Nevertheless, without scaffolding such as structured worksheets, virtual
labs may provide fewer opportunities for systematic reflection and the design of new solutions. This aligns
with the argument by Kirschner, Sweller, and Clark (2006), who posit that unguided or minimally guided
environments often fail to support the construction of complex mental models. Thus, while web-based
worksheets predominantly support analysis and virtual labs encourage evaluation, neither approach alone
sufficiently addresses all three domains of HOTS. As suggested by Quintana et al. (2004), scaffolding is
essential to transform raw exploration into disciplined inquiry, thereby enabling students to bridge the gap
between analyzing data and designing novel solutions.
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Taken together, while both web-based worksheets and virtual laboratories have demonstrated effectiveness in
supporting student learning, prior research often treated them as separate tools (Sriadhi, Hamid, & Restu,
2022; Yusuf & Wahyu Widyaningsih, 2022). This separation resulted in fragmented learning experiences
where students may either receive structured guidance without hands-on experimentation or engage in
simulations without sufficient scaffolding for higher-order thinking.

To address this gap, this study focuses on the development of an Integrated Digital Learning Environment
(IDLE), which combines a web-based worksheet and virtual laboratory tailored for teaching blood type
concepts to senior high school students. The system is designed to support HOTS by incorporating activities
that encourage analysis, evaluation, and creation. For example, the web-based worksheet includes tasks
requiring students to analyze and evaluate blood compatibility and create models predicting blood transfusion
outcomes. The virtual laboratory allows students to simulate blood typing experiments, analyze results, and
draw evidence-based conclusions. These combined activities are designed to get students thinking more
deeply, which helps improve their thinking skills and understanding of complicated biology concepts.

By developing the IDLE system, this study seeks to provide a structured, interactive, and cognitively
stimulating digital learning environment. The resulting platform is expected to offer a meaningful and
engaging learning experience for students while serving as a model for integrating web-based worksheets
and virtual laboratories in science education. Consequently, the objective of this research is twofold: first, to
develop a valid and practical Integrated Digital Learning Environment (IDLE); and second, to empirically
test its effectiveness in fostering students’ HOTS. To achieve these objectives, the present study addresses the
following research questions:

RQ1: To what extent is the IDLE platform valid for teaching blood type concepts and fostering
HOTS according to expert evaluations?

RQ2: How do teachers and students perceive the practicality of implementing the IDLE system in
a classroom setting?

RQ3: How effective is the IDLE system in improving students’ HOTS compared to traditional
methods?

LITERATURE REVIEW
Developing Higher-Order Thinking Skills (HOTS) has become a major focus in modern education,

especially in the context of science learning. Since its introduction through Bloom’s Revised Taxonomy,
HOTS encompasses the abilities to analyze, evaluate, and create, which serve as the foundation for complex
problem-solving and meaningful learning (Anderson & Krathwohl, 2001; Krathwohl, 2002). In the early
stages of research development, HOTS was more often understood as part of learning assessment or
evaluation (Abdullah, Fadil, Rahman, Tahir, & Hamzah, 2019; Heyde & Siebrits, 2019) before eventually
expanding to instructional design and technology-based strategies (Sutiani, Muchtar, Dibyantini, Sinaga,
& Panggabean, 2025). Related to this, initial studies showed that traditional science learning, especially
lecture-based, had not been able to stimulate higher-order cognitive skills because learners were only
engaged at the remembering and understanding levels (Maulana, Siswandari, Gunarhadi, & Efendi,
2025a). This finding spurred research focused on systematic efforts to integrate more constructivist and
inquiry-based learning strategies.

Digital Worksheets in the Development of HOTS

The shift of student worksheets from traditional printed formats to digital platforms marks an evolution
from simple to sophisticated facilitation of Higher-Order Thinking Skills (HOTS). Although early
investigations into digital worksheets emphasized their role in improving student motivation and academic
achievement (Nenggala, Razi, Hidayati, & Sari, 2024), current studies have expanded to showcase their
utility in promoting HOTS. For example, a study (Yusuf & Wahyu Widyaningsih, 2022) showed that
digital worksheets were able to improve students’ HOTS through gradual scaffolding that guide learners in
identifying problems, analyzing information, and formulating conclusions.
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In the specific context of senior high school biology, digital worksheets are increasingly utilized to facilitate
HOTS (Juneri, Fitri, & Karmila, 2022; Sari, Amin, Hudha, Fatmawati, & Fauzi, 2021). These tools assist
students in analyzing complex biological process, such as the human excretory system (Lubis, Tanjung,
& Adlini, 2023) or environmental changes (Makalunsenge, Yusuf, & Lamangantjo, 2022) by providing
dynamic visual representations that replace static textbook illustrations. Despite these advantages, the
literature also indicates important shortcomings that motivate more innovative digital worksheets. Some
existing platforms function merely as “digitized paper” (Khairuna, 2023; Mualidiyah, Suratno, & Nuriman,
2025), offering limited interactivity that fails to simulate the dynamic nature of biological experiments.
Moreover, most studies at this stage still use digital worksheets separately without integration with laboratory
experiences or virtual experiments and only focus on critical thinking aspects (Erina, Zaini, & Kapsul, 2023;
Mualidiyah et al., 2025; Rahimah, Zaini, & Halang, 2020). This causes the increase in HOTS to tend to be
limited to analytical abilities, while evaluation and creation skills have not been optimally facilitated.

Virtual Laboratories and HOTS

The development of simulation technology provides the foundation for the emergence of virtual laboratories,
an approach that allows students to conduct experiments digitally. Virtual labs were positioned as a substitute
solution for schools with limited laboratory facilities or experimental materials especially during the Covid-19
pandemic where conducting hands-on experiment was not possible (Hassan, Devi, & Ray, 2022; Kapilan,
Vidhya, & Gao, 2021). Further research revealed that virtual laboratories are not only an alternative but
also offer pedagogical advantages, particularly in abstract topics such as genetics, biochemistry, or the blood
system, which require visualization of microscopic processes (Oser & Fraser, 2015; Rizman Herga, Cagran,
& Dinevski, 2016). Another study also showed that virtual laboratory environments can enhance evaluative
skills as a part of HOTS because learners must evaluate and analyse experimental data (Abdulrahman Nami
Alshaikh, 2022).

However, despite their potential, several critical shortcomings in virtual laboratory implementations have
been identified. One primary concern is the “discovery without direction” phenomenon, where students
engage in aimless exploration rather than a measurable scientific process (Chengere, Bono, Zinabu, &
Jilo, 2025). Without integrated instructional support, virtual laboratories can trigger cognitive overload,
as students struggle to simultaneously navigate the complex interface and grasp the underlying biological
concepts (Ichwan & Mudayat, 2025).

Integration of Digital Worksheets and Virtual Laboratories

Integrating digital worksheets with virtual laboratories offers a solution to combine the structured inquiry of
worksheets with the experimental exploration of laboratory simulations. This integrative approach is being
developed because it is considered capable of providing a more comprehensive learning experience: the
worksheet acts as scaffolding (Saputri et al., 2025; Winarto et al., 2025), while the virtual laboratory provides
a simulation-based experimental space (Casamayou et al., 2025; Fibriana et al., 2025). Integrating the two
can help students achieve more complete HOTS indicators: analysis through problem-based questions,
evaluation through analyzing experimental results, and creation through developing new solutions or

hypotheses.

Previous attempts to bridge these two media have typically relied on a parallel-use model, where students
access a virtual lab in one interface and a separate digital document or form in another (Astriani et al., 2021;
Fatimah & Isnawati, 2024; Jannah, Prasetyo, & Ungirwalu, 2025). While this dual-tool approach provides
some level of guidance, it often leads to a fragmented learning experience because tudents are frequently
forced to navigate between multiple tabs or applications, which increases extraneous cognitive load and
disrupts the flow of scientific inquiry (Mayer, 2021).

To address these gaps, this study proposes the Integrated Digital Learning Environment (IDLE) as a unified
learning ecosystem. Unlike previous parallel models, IDLE provides a seamless single-interface integration
where the worksheet and virtual laboratory coexist within a synchronized web environment. This design
addresses the identified weaknesses by: (1) eliminating interface switching to reduce cognitive load; (2)
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ensuring that structured scaffolding is presented in immediate proximity to experimental activities; and (3)
tailoring the integration specifically for the blood typing concepts, allowing students to simulate, analyze, and
immediately design a solution for a case within one cohesive workflow. By functioning as a unified ecosystem
rather than a collection of separate tools, IDLE facilitates a more direct path from experimentation to the
higher domains of evaluating results and creating novel solutions.

Theoretical Framework for Integrated Digital Learning Environment (IDLE)

The development of the IDLE platform is not merely a technical integration but is grounded in established
pedagogical frameworks. Primarily, the design follows Mayer’s Cognitive Theory of Multimedia Learning
(2021), specifically the Spatial Contiguity Principle, which posits that students learn better when related
words and pictures are presented near each other. By integrating worksheets and virtual labs into a single,
seamless web interface, IDLE minimizes split-attention effect and reduces extraneous cognitive load, as
students no longer need to navigate between separate windows or physical documents while conducting
experiments.

Furthermore, from an online learning perspective, Palloff and Pratt (2007) highlight the importance of
structured digital environments that promote active engagement and cognitive presence. IDLE was designed
not merely as a content delivery platform, but as an interactive digital ecosystem that integrates guided
inquiry (worksheet) with experiential simulation (virtual laboratory), thus fostering cognitive presence and
meaningful engagement.

Additionally, the synergy in IDLE is supported by the Technological Pedagogical Content Knowledge
(TPACK) framework (Mishra & Koehler, 2006). The platform represents an integration where the technology
(web-based environment) and pedagogy (scaffolded worksheets) are uniquely tailored to the specific content
(blood type). This theoretical triangulation ensures that IDLE functions as a cohesive cognitive tool that
supports the progression from lower-order to higher-order thinking skills.

METHOD
Research Design

The development of the Integrated Digital Learning Environment (IDLE), which integrates a web-based
student worksheet and a virtual laboratory, followed a systematic instructional design called Four-D
consisting of Define, Design, Develop, and Disseminate stages (Thiagarajan, 1974). This research design is
illustrated in Figure 1.

DEFINE DEVELOP

Madia development
Classroom observation

Content development —
Learner analysis

Validity test (sxpert) and |
revision - .
\ A valid, practical,
and effective IDLE
’ platform
Content de
san Practicality tost
sy design > (Teachar and student)
Instrument design g B Effectiveness test

DESIGN

Figure 1. Research design
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Define Stage

In the Define stage, two primary tasks were performed including needs observation and learner analysis. At
first, observation was conducted to identify classroom conditions in high school biology classes, particularly
challenges in teaching abstract and complex topics such as blood types (e.g., antigen-antibody reactions).
Then, learner analysis involved understanding the characteristics of students, including prior knowledge
and misconceptions about blood typing. This stage clarified the instructional problem, namely the lack of
interactive and integrated digital tools in biology learning, and established the scope for developing IDLE as
a solution to enhance Higher-Order Thinking Skills (HOTS).

Design Stage

The Design stage involved the planning and blueprinting of IDLE. Two key activities were performed. In
content design, a prototype for the web-based worksheet and virtual laboratory was drafted, aligned with
the blood type material. Learning objectives were mapped according to Bloom’s revised taxonomy (analysis,
evaluation, and creation), ensuring a focus on HOTS development. Next, system design defines the workflow
of the IDLE platform. It was storyboarded to ensure a smooth integration between the worksheet and the
laboratory simulation. In this stage, it was determined that this unified platform will be integrated into
a Moodle Learning Management System (LMS) which facilitates teachers in managing user logins and
monitoring user activities through logs and analytics. Additionally, a validation and practicality instrument
(questionnaire) were prepared to measure the content validity, usability, and pedagogical feasibility of the

prototype.

Develop Stage

During the Develop stage, the IDLE prototype was created and iteratively refined. The web-based worksheet
was developed with interactive features such as case-based prompts and guided reasoning tasks. Then, the
virtual laboratory was constructed to simulate real-life blood typing experiments, enabling learners to explore
antigen-antibody interactions and observe agglutination reactions. The prototype was subjected to expert
validation by specialists in biology material and digital media. Feedback from experts informed revisions,
particularly in terms of content clarity, interface design, and alignment with learning objectives. This iterative
process ensured that the IDLE system was pedagogically sound and technically feasible.

Disseminate Stage

In the Disseminate stage, the finalized IDLE platform was implemented in a real classroom setting to
examine its practicality and effectiveness. Practicality data were collected from both teachers and students
using structured questionnaires that evaluated ease of use, content suitability, and design-integration
aspects of the system. In addition, an effectiveness test was conducted using a quasi-experimental design
involving experimental and control groups. Students’ Higher-Order Thinking Skills (HOTS) were measured
through pretest and posttest assessments, and the results were analyzed using inferential statistics, including
independent samples t-tests, N-gain analysis, and effect size calculations, to evaluate the impact of IDLE
on HOTS improvement. Results were compiled into a research report and further disseminated through
scientific articles submitted to peer-reviewed journals. The primary goal of this stage was to promote the
integration of web-based worksheets and virtual laboratories as innovative learning tools in biology classes,
thereby contributing to the enhancement of students’ conceptual understanding and higher-order thinking.

Participants

The sample consisted of 60 11™-grade students from a senior high school in Bandarlampung, Indonesia,
divided into an experimental group (n=30) and a control group (n=30). As part of a quasi-experimental
design, the participants were not randomly assigned to groups but were selected from existing or intact
classes to minimize disruption to the school’s pre-scheduled academic activities. A purposive sampling
technique (Bryman, Becker, & Sempik, 2008) was utilized based on three primary criteria: (1) students
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currently studying the cardiovascular system, (2) consistent experience with digital learning tools, and (3)
comparable baseline academic achievement. To ensure group equivalence, a pretest was administered to
both groups before the intervention. The statistical analysis of these pretest scores, which was detailed in the
findings section, confirmed that there was no significant difference in initial Higher-Order Thinking Skills
(HOTS) between the experimental and control groups (p > 0.05). This indicates that both groups started
with a comparable baseline. The demographic profile of the participants is detailed in Table 1.

Table 1. The demographic profile of the participants

Characteristics Category Experimental Group (n=30) Control Group (n=30) Total (N=60)
Gender Male 16 (53.3%) 14 (46.7%) 30 (50%)
Female 14 (46.7%) 16 (53.3%) 30 (50%)
Age 16 years 10 (33.3%) 9 (30%) 19 (31.7%)
17 years 20 (66.7%) 21 (70%) 41 (68.3%)

Data Collection and Analysis

Three categories of instruments were employed in this study: (1) instruments for expert validation, (2) the
practicality instrument of the developed web-based worksheet and virtual laboratory, and (3) effectiveness
instrument.

Validity Instrument

Both the material and media expert validation questionnaires were adapted from previous studies (Eliza,
2025; Eliza, Hakiki, et al., 2024; Fadli et al., 2024). These instruments were used to assess the quality of
the developed IDLE platform from the perspective of subject matter and media experts. Five experts were
selected based on their academic qualifications. They must hold minimum a Master’s degree and at least
five years of professional experience in their respective fields. Two material experts, who are lecturers in
Biology Education, provided a detailed assessment of content accuracy and its alignment with Higher-Order
Thinking Skills (HOTS). Additionally, three media experts with backgrounds in Educational Technology and
Information Technology Education evaluated the system’s technical functionality, usability, and integration
quality to ensure a seamless learning flow. Table 2 and Table 3 show the detailed features of these instruments.

Table 2. Material validation instrument indicators and item numbers

Aspect Indicator Item Number
Alignment with curriculum 1
Content Suitability Alignment with students’ characteristics 2,3
Alignment with learning objectives 4,5
Accuracy of concepts 6
Completeness of coverage 7
Content Quality Clarity of explanation, examples, illustrations 8,9,10
Relevance of examples/cases 1
Order and logic of presentation 12,13
Supporting active and meaningful learning 14
Worksheet-virtual lab integration 15,16,17
Integration & HOTS L . . .
Contribution to HOTS (C4 = analysis, C5 = evaluation, C6 = creation) 18,19, 20
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Table 3. Media validation instrument indicators and item numbers

Aspect Indicator Item Number
. . . System operation and responsiveness 1,2,3
Technical Functionality . . o
Simulation performance & navigation 4,5
o . Stability and consistency of use 6,7,8
Reliability & Stability T e
Data reliability and compatibility 9,10
Ease of use and intuitiveness 11,12
Usability & Interface Design Visual design and layout consistency 13,14
Accessibility support 15
. . Worksheet-lab connection and learning flow 16,17
Integration Quality . .
Integration of results and evaluation 18,19, 20

Each expert individually assessed the prototype of the Integrated Digital Learning Environment (IDLE) by
analyzing its functions, inspecting its design, and evaluating its coherence with the learning objectives in
biology classes. For each item in the validation questionnaire, Experts employed a 5-point Likert scale from
strongly disagree with 1 point to strongly agree with 5 points to express their opinions.

The results of the expert assessments were evaluated employing Aiken’s V coefficient (Aiken, 1980) calculated
with the following formula:

¥s
V="
n(c-1)

where:
*  ¥s = the sum of expert scores after adjusting for the lowest possible score,
* n = the number of experts,

* ¢ = the highest score on the rating scale.

An Aiken’s V coeflicient greater than 0.6 was considered to indicate that the developed IDLE system met the
required validity standards (see Table 4).

Table 4. Criteria of validity

Average Aiken’s V Score Criteria
>0.6 Valid
<06 Invalid

Practicality Instrument

The practicality of the developed IDLE platform was examined using teacher and student questionnaires
adapted from this study (Hakiki et al., 2024) focused on three aspects: ease of use, content (material), and
design & integration. Table 5 and Table 6 show the aspects and indicators for both instruments.

Table 5. Instrument of practicality (teachers)

Aspect Indicator Item Number
Ease of Use Ease of operation and navigation 1,2,3
Content (Material) Curriculum relevance and usefulness 4,5,6
Design & Integration Visual design and system integration 7,8,9

95



Table 6. Instrument of practicality (students)

Aspect Indicator Item Number
Ease of Use Ease of operation and navigation 1,23
Content (Material) Relevance and usefulness for learning biology concepts 4,5,6
Design & Integration Visual design and system integration 7,8,9

Teachers and students provided their responses to each item on a 5-point Likert scale from not practical with
1 point to very practical with 5 points. The practicality score was calculated using the following formula:

ZTotal Score Obtained

i al _ %X 100
Praticality (%)= gMaximum Possible Score %

The practicality of the IDLE platform was determined based on the criteria which can be observed in Table 7.

Table 7. Criteria of practicality

Score Criteria
81-100% Very practical
61-80% Practical
41-60% Somewhat practical
21-40% Slightly practical
0-20% Not practical

Instrument Validity

The validity for all four instruments was established through expert judgment. The experts evaluated each
item based on its relevance, clarity, and suitability using a 5-point scale. The experts’ ratings were quantified
using Aiken’s V formula. The analysis revealed that every item in the four instruments achieved a high
validity coefficient, as summarized in Table 8. The Aiken’s V values ranged from 0.80 to 0.96, which are well
above the established validity threshold of 0.60.

Table 8. Validity summary for all research instruments

Instrument Total Items Aiken’s V Range Interpretation
Material Validation 20 0.81-0.88 Valid
Media Validation 20 0.78-0.85 Valid
Teacher Practicality 9 0.80-0.87 Valid
Student Practicality 9 0.79-0.86 Valid

Effectiveness Instrument

The assessment instrument for examining the effectiveness of IDLE in enhancing Higher-Order Thinking
Skills (HOTS) was a multiple-choice test constructed based on established HOTS indicators in the cognitive
domains of analysis, evaluation, and creation. The instrument consisted of 17 items aligned with these
indicators.

The finalized HOTS assessment was administered to both the experiment and control groups before and
after the implementation of the IDLE system. The experiment group learned using the integrated web-based
worksheet and virtual laboratory, while the control group received conventional instruction supported by
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standard classroom materials. The collected data were analyzed quantitatively to determine the effect of
IDLE on students HOTS performance.

Descriptive statistics, including mean scores and standard deviations, were used to summarize the data.
An independent samples t-test was also performed using Jamovi 2.6.44 for Windows to assess statistical
differences between groups, determining whether IDLE resulted in substantially larger enhancement in
HOTS compared to traditional instruction. To determine the magnitude of the intervention’s impact,
Cohen’s d effect size was calculated and categorized as small (d = 0.2), medium (d = 0.5), or large (d = 0.8)
according to Cohen’s (1988) guidelines. To measure the degree of improvement within each group, the
Normalized Gain (N-Gain) score was also calculated using the formula:

Posttest Score—Pretest Score

N-Gain=

Maximum Score—Pretest Score

The N-Gain results were interpreted based on Hake’s (1998) criteria: low (N-Gain < 0.30), medium (0.30 <
N-Gain = 0.70), and high (N-Gain > 0.70).

The whole description of this instrument is available in Table 9.

Table 9. Description of the effectiveness instrument

HOTS Domain Indicator Operational Definition Item Number
Number(s) of Items
Students can identify essential
Identifying key information in data (blood type, antigen, 12 2
blood-type cases antibody) from textual or !
graphical case descriptions.
Analysis (C4) Comparing and Students distinguish compatible
differentiating blood-type and incompatible blood-type 3,4,5 3
patterns interactions using evidence.
Analyzing results from virtual Students interpret aggIL{tlnatlon
- results and determine 6,7,8 3
laboratory experiments PSR
implications.
. - Students judge whether the
Evaluating experimental - - -
steps in a simulated blood-typing 9,10 2
procedures )
procedure are valid or flawed.
. - Students assess and justify
Evaluation (C5) Evaluating Fompat'lb.lllty for whether a given transfusion is 11,12,13 3
transfusion decisions
safe.
Students determine whether
Critiquing data and conclusions made in a case 14 1
conclusions or experiment are logically
supported.
Designing alternative Students propose new or
solutions to transfusion alternative transfusion strategies 15,16 2
problems using available data.
Creation (C6) —
Predicting outcomes of Students generate predictions
when case variables are changed 17 1

modified scenarios

(e.g., donor shortage).

To ensure that each question accurately reflected the HOTS constructs embedded in the IDLE activities, all
items were subjected to expert validation. The content validity of the HOTS effectiveness instrument was
examined using Aiken’s V' coefficient, based on expert judgments from biology education and assessment
specialists. Each expert evaluated the relevance, clarity, and cognitive alignment of each item using a 5-point

Likert scale (See Table 10).
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Table 10. Validity result of the effectiveness Instrument

Item No. HOTS Domain Aiken’s V Category
1 C4 - Analysis 0.83 Valid
2 C4 - Analysis 0.81 Valid
3 C4 - Analysis 0.85 Valid
4 C4 - Analysis 0.82 Valid
5 C4 - Analysis 0.84 Valid
6 C4 - Analysis 0.80 Valid
7 C4 - Analysis 0.86 Valid
8 C4 - Analysis 0.88 Valid
9 C5 - Evaluation 0.84 Valid
10 C5 - Evaluation 0.87 Valid
1 C5 - Evaluation 0.85 Valid
12 C5 - Evaluation 0.83 Valid
13 C5 - Evaluation 0.89 Valid
14 C5 - Evaluation 0.91 Valid
15 C6 - Creation 0.88 Valid
16 C6 - Creation 0.90 Valid
17 C6 - Creation 0.92 Valid

Based on Table 8, the Aiken’s V values for the 17 items ranged from 0.80 to 0.92, all exceeding the accepted
validity threshold of 0.60, indicating that every item met the criteria for content validity.

To ensure the consistency of the instrument, a reliability analysis was conducted following a pilot test with
a sample of students. The internal consistency was verified using Cronbach’s Alpha coefficient. The analysis
yielded a coefficient of 0.82, which significantly exceeds the reliability threshold of 0.70 (Cronbach, 1951).
This result confirms that the 17-item HOTS instrument is a reliable tool for measuring students’ higher-

order thinking skills.

FINDINGS
Design Results

The design results of this study describe how the Integrated Digital Learning Environment (IDLE) was
technically developed and how its components were systematically integrated to support Higher-Order
Thinking Skills (HOTS) in biology learning. IDLE was designed as a unified digital platform embedded
within a Moodle Learning Management System (LMS), enabling centralized access, user management, and
learning analytics. The system was developed using web technologies compatible with Moodle, ensuring cross-
platform accessibility via desktop and mobile browsers without requiring additional software installation.
Figure 2 shows the coding process of this platfom using Visual Studio Code software.
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Figure 2. Coding of IDLE

The platform consists of four main components: the homepage, the learning materials, the worksheet,
and the virtual laboratory. Each component is designed with specific features and pedagogical purposes to
encourage analysis, evaluation, and creation. The workflow of this unified platform can be seen in Figure 3.

Students enter the
“Material Page” to study
the concept of blood

types.

Students enter the
IDLE “Homepage” by
logging in to the LMS.

4 3

Students enter the “Virtua Students enter the

Laboratory Page” to “Worksheet Page” to read
perform a blood typing a case as a trigger.
test.

5 6

Students record, observe, Students create a solution
and evaluate the test to the case. (analysis >
results. evaluation - creation

Figure 3. The workflow of IDLE

The learning process follows a six-step sequence as illustrated in the procedural flowchart:

* Phase 1: Access: Students enter the IDLE Homepage by logging into the Learning Management
System (LMS).

* Phase 2: Conceptual Review: Students navigate to the Material Page to study blood type concepts,
ensuring conceptual accuracy before the experiment.

* Phase 3: Case Trigger: On the Worksheet Page, students are presented with a real-world case study
(e.g., an emergency blood transfusion scenario) to stimulate inquiry.

* Phase 4: Virtual Experimentatio: Students enter the Virtual Laboratory Page to conduct blood typing
tests, utilizing system-guided navigation and responsive simulation tools.

* Phase 5: Data Recording and Evaluation: Students record, observe, and evaluate their experimental
findings directly within the platform.

* Phase 6: Synthesis and Creation: In the final stage, students synthesize their data to create a solution to the
initial case study, engaging the C4 (Analysis), C5 (Evaluation), and C6 (Creation) domains of HOTS.
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Homepage

The IDLE homepage is where students can find out how to navigate around the platform. It has a simple and
straightforward layout that lets students access three key features: the materials, worksheet, and virtual laboratory.
There is a “Start Learning” button to help students get started with the structured learning flow. The homepage gives
students a clear path of how to learn, which makes it easier for them to start learning. Figure 4 depicts the homepage.
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Figure 4. Homepage

Materials

The materials page offers students fundamental information concerning blood types and the cardiovascular
system. The material is delivered using a combination of text, images, and animations to facilitate comprehension
of abstract subjects. This feature aims to enhance the analytical aspect of Higher-Order Thinking Skills (HOTYS)
by assisting students in interpreting concepts, recognizing relationships between concepts, and linking scientific
principles to real-world scenarios. The visual representation of the material page can be seen in Figure 5.
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Figure 5. Material page
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Worksheet

The worksheet combines structured problem-based activities with evaluation assignments. It presents
students with case scenarios, guiding them systematically to analyze experimental data, compare results,
and evaluate possible outcomes. Reflection questions are also included as evaluation tools. The worksheet
supports both analysis and evaluation while gradually scaffolding students toward creative tasks, such as
designing solutions or proposing new procedures related to blood transfusion cases. This integration ensures
that assessment is not separated from the learning process but embedded within it. The following steps
outline the operational workflow within the worksheet:

Step 1: Case Identification and Inquiry Trigger (Analysis - C4) (See Figure 6)

The process begins on the worksheet’s main interface, where students are presented with a Medical Emergency
Case.

* Scenario Analysis: Students identify key information from the case of a patient, who has been involved
in a traffic accident and requires an immediate blood transfusion in critical condition.

* Task Orientation: Students review the systematic steps required to resolve the case, from virtual
laboratory testing to donor compatibility selection.
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Figure 6. Case identification and inquiry trigger

Step 2: Virtual Experimentation and Data Recording (Evaluation - C5) (See Figure 7)
Once the case is understood, students move to the virtual laboratory to generate and record primary data.

* Conducting the Laboratory Test: Students perform the blood-typing procedure by applying Anti-A,
Anti-B, and Anti-Rh reagents to the patient’s blood sample.

* Data Documentation: Within the Laboratory Test Results section, students record the observed
agglutination outcomes by selecting “Positive (Agglutination)” or “Negative (Homogeneous)” for
each reagent.
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Figure 7. Virtual experimentation data recording and donor profiles

Step 3: Analysis and Decision Making (Analysis & Evaluation - C4/C5) (See Figure 8)
After gathering the experimental data, students return to the worksheet for clinical interpretation.

* Determining the Patient’s Blood Type: In the first analysis step, students determine patient’s exact
blood type based on the previously recorded agglutination data.

* Selecting Compatible Donors: Students evaluate a list of available donors and judge which donors can
safely provide blood to the patient based on compatibility principles.
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Figure 8. Analysis for blood type determination and compatible donor selection

Step 4: Reflection and Synthesis (Evaluation & Creation - C5/C6) (See Figure 9)
The final phase of the worksheet is designed to foster deep understanding and creative problem-solving skills.

* Evaluation and Reflection: Students complete a Reflection and Evaluation form to judge the validity
of the procedures they performed and consider the implications of their transfusion decisions.

* Synthesizing Solutions: Students synthesize their experimental findings to propose a final solution for
the medical scenario, engaging in the highest level of cognitive processing.
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Figure 9. Evaluation, reflection, and synthesis

Virtual Laboratory

The virtual laboratory simulates the process of blood type testing. Students can manipulate digital tools such
as test tubes, pipettes, antigen dishes (A, B, and Rh), and reagent bottles (Anti-A, Anti-B, and Anti-Rh) using
drag-and-drop features that can be performed using a mouse, trackpad, or touch. By conducting experiments
virtually, students generate data that can be interpreted and connected back to their worksheet activities.
The laboratory emphasizes the evaluative domain of HOTS by requiring students to judge the outcomes of
experiments, identify correct blood types, and consider the implications for transfusion compatibility. The
appearance of the virtual laboratory is depicted in Figure 10.
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Figure 10. Virtual laboratory

The operational workflow is structured to mimic blood-typing protocols, requiring students to execute the
following five-step procedure (See Figure 11):
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Figure 11. Virtual laboratory operational procedure

Step 1 (Apparatus): Preparation of digital test tubes, pipettes, antigen dishes, and reagents. Students identify
and prepare the necessary digital tools, including reagent bottles (Anti-A, Anti-B, and Anti-Rh) and
specialized dishes required for the agglutination test.

Step 2 (Collection): Using a pipette to dispense blood samples into antigen dishes. Students utilize a digital
pipette to collect blood samples and dispense them into the designated antigen dishes via touch or mouse-
driven interactions.

Step 3 (Application): Applying Anti-A, Anti-B, and Anti-Rh reagents via drag-and-drop interactions. The
system requires students to apply specific reagents to the samples, simulating the chemical interaction
necessary for blood type identification.

Step 4 (Observation): Judging the outcomes of the experiment to identify blood types. Students observe the
presence or absence of agglutination in each dish, an activity that directly supports the evaluative domain of

Higher-Order Thinking Skills (HOTS).

Step 5 (Assessment): Considering implications for transfusion compatibility. In the final stage, students
judge the results and determine the medical implications for transfusion safety, effectively connecting their
experimental findings back to the initial case study.

Opverall, the integration of these components provides students with a coherent and interactive digital learning
environment. The homepage ensures accessibility, the interactive materials provide conceptual grounding,
the worksheet scaffolds analysis and evaluation, and the virtual laboratory fosters evaluative and creative
reasoning. Together, these features are aligned with the overarching objective of IDLE: to systematically
develop higher-order thinking skills of senior high school students in biology class.
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Expert Validation Results

Material Expert Validation

The developed IDLE platform was evaluated by two material experts. Each expert rated items on a 5-point
Likert scale, and the Aiken’s V formula was used to analyze the result. The validity result from the material
expert is outlined in Table 11.

Table 11. Results of material expert validation

Aspect Expert 1 Expert 2 Aiken’s V Category
Content Suitability 0.76 0.8 0.78 Valid
Content Quality 0.88 0.9 0.89 Valid
Integration & HOTS 0.89 0.91 0.90 Valid
Average 0.85 Valid

Based on Table 11, the Content Suitability aspect obtained a score of 0.78, which falls within the “Valid”
category. This indicates that the developed material is appropriately aligned with the curriculum and relevant
to the learning needs of students. The Content Quality aspect received a higher score of 0.89, also in the
“Valid” category, showing that the concepts presented are accurate, clear, and sufficiently comprehensive
to support meaningful learning. The Integration & HOTS component attained the highest score of 0.90,
indicating that the material effectively integrates with the worksheet and virtual laboratory while robustly
fostering the development of higher-order thinking skills, especially in analysis, evaluation, and creation. The
mean Aiken’s V score was 0.85, classified as “Valid.” This result signifies that the developed material meets
the requirements of content validity as assessed by experts. In practical terms, it means that the material can
be confidently used in the IDLE platform to facilitate biology learning, especially in blood type concepts,
while also promoting higher-order cognitive engagement among students.

Media Expert Validation

With regard to media validation, three media experts analyzed the IDLE platform. Table 12 shows the results
of media expert validation.

Table 12. Results of media expert validation

Aspect Expert 1 Expert 2 Expert 3 Aiken’s V Category
Technical Functionality 0.9 0.94 0.92 0.92 Valid
Reliability & Stability 0.88 0.92 0.9 0.90 Valid
Usability & Interface Design 0.85 0.89 0.87 0.87 Valid
Integration Quality 0.94 0.96 0.95 0.95 Valid
Average 0.91 Valid

Based on Table 12, experts rated the Technical Functionality aspect with a score of 0.92, indicating that
the IDLE system runs effectively across devices, with all features functioning properly and interactions
responding smoothly. The reliability & stability aspect reached a score of 0.90, which demonstrates that the
system performs consistently without major errors or crashes, ensuring stable use during learning activities.
The Usability & Interface Design aspect, with a score of 0.87, reflects that the interface design is clear,
intuitive, and visually supportive of the learning process. Finally, the Integration Quality aspect achieved
the highest score of 0.95, confirming that the connection between the web-based worksheet and the virtual
laboratory is highly coherent and provides a logical and seamless learning flow. The overall average score of
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0.91 places the IDLE media in the “Valid” category. This means that, according to expert evaluation, the
media developed is suitable for use in learning environments. The high values across all indicators signify
that IDLE not only meets technical and usability standards but also effectively integrates its components to
support structured and meaningful student learning experiences.

Practicality Results
Practicality Results (Teachers)

The testing to obtain the practicality score from the teacher’s side was conducted with two biology teachers.
The evaluation focused on three aspects: ease of use, content (material), and design & integration. Table 13
presents the results of the teachers’ practicality test.

Table 13. Practicality results (teachers)

Aspect Teacher 1 (%) Teacher 2 (%) Practicality (%) Category
Ease of Use 81.48% 85.19% 83.33% Very Practical
Content (Material) 85.19% 88.15% 86.67% Very Practical
Design & Integration 92.59% 94.07% 93.33% Very Practical
Average 87.78% Very Practical

Based on Table 13, the Ease of Use aspect obtained a practicality percentage of 83.33%, categorized as
“Very Practical.” This indicates that teachers found the IDLE platform easy to operate and navigate without
requiring additional training. The Content (Material) aspect achieved a score of 86.67%, also in the “Very
Practical” category, showing that the materials provided were considered relevant, useful, and supportive of
instructional goals. Meanwhile, the Design & Integration aspect obtained a score of 86.67%, categorized as
“Very Practical,” which suggests that teachers considered the interface design, clarity of layout, and seamless
integration between the worksheet and virtual laboratory. Overall, the average practicality score of 87.78%
confirms that the IDLE platform is very practical from the perspective of teachers, making it suitable to be
implemented in biology learning activities, particularly for strengthening blood type concepts and fostering

higher-order thinking skills.
Practicality Results (Students)

This testing was conducted with 30 high school students based on the same aspects used in the practicality
test for teachers. The findings are presented in Table 14.

Table 14. Practicality results (students)

Indicator Practicality (%) Category
Ease of Use 82.50% Very Practical
Content (Material) 80.66% Very Practical
Design & Integration 80.16% Very Practical
Average 81.10% Very Practical

Based on Table 14, the Ease of Use aspect obtained the highest score at 82.50%, categorized as “Very Practical.”
This suggests that students found the IDLE platform easy to navigate and operate, supporting smooth
interaction during the learning process. The Content (Material) aspect received a score of 80.66%, also in
the “Very Practical” category, indicating that students considered the materials relevant and advantageous
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in understanding the blood type concepts. Meanwhile, the Design & Integration indicator achieved a score
of 80.16%, showing that the interface design and integration between the worksheet and virtual laboratory
were well-perceived by students and contributed to a coherent learning flow. The overall average practicality
score reached 81.10%, which is categorized as “Very Practical.” These results confirm that students found
IDLE to be both functional and beneficial in supporting their learning activities. The consistently high
percentages across all indicators emphasize that IDLE is not only user-friendly but also effective in creating
an engaging and structured digital learning environment that contributes to the development of higher-

order thinking skills.

Effectiveness Result
Normality Test

The normality of the posttest data for both the experiment and control groups was evaluated using the
Shapiro-Wilk test. The outcome of the normality test is presented in Table 15.

Table 15. Normality test result

Group Pretest Posttest
Experiment Group 0.968 0.984
Shapiro-Wilk W
Control Class 0.969 0.950
Experiment Class 0.480 0.918
Shapiro-Wilk p
Control Class 0.514 0.165

The results demonstrated that the pretest and posttest scores in both groups exhibited a normal distribution.
The pretest scores presented a W value of 0.968 (p = 0.480) for the experimental group and 0.969 (p =
0.514) for the control group, whereas the posttest scores indicated a W value of 0.984 (p = 0.918) for the
experimental group and 0.950 (p = 0.165) for the control group. Because the p-values for both groups exceeded
the significance threshold of 0.05, it can be concluded that the distribution of scores met the assumption
of normality. This confirms that the data are appropriate for further parametric analysis, particularly the
independent samples t-test used to compare HOTS performance between the two instructional conditions.

The interpretation of normality was further supported by the visual patterns observed in the Q-Q plot and
histogram of both groups, as illustrated in Figure 12 and Figure 13, which showed no substantial deviation
from the normal distribution.
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Figure 12. Q-Q plot of normality test

107



Experiment Class — Experiment Class 4

Group

a
3
2
Q

Control Class — Control Class 1
50 55 60 50 &0 70 80 20 100
Pretest Pasttest

Figure 13. Histogram of normality test

Homogeneity Test

The homogeneity of variance between the experiment and control groups were analyzed using Levene’s test,
as illustrated in Table 16.

Table 16. Homogeneity test result

F df df2 p
Pretest 0.726 1 58 0.398
Posttest 0.144 1 58 0.706

As presented in Table 16, the pretest data produced an F value of 0.726 with a significance level of p = 0.398,
which is greater than the 0.05 threshold. Similarly, the posttest data yielded an F value of 0.144 with p =
0.7006, also exceeding the 0.05 threshold. This outcome signifies that the variances of the two groups are
homogeneous. Because the assumption of homogeneity is a prerequisite for conducting parametric tests such
as the independent samples t-test, this criterion being met ensures that the subsequent statistical comparisons
are methodologically appropriate.

Independent Samples T-Test

The result of the independent samples t-test can be seen in Table 17.

Table 17. Independent samples t-test result

Mean SD
- Mean SE Effect Size
Statistic df P difference difference (Cohen’s d)
Experiment Control Experiment Control
Pretest 0.950 58.0 0.346 54.7 53.7 4.20 3.66 0.967 1.017 0.245
Posttest 14.511 58.0 <.001 83.0 63.8 4.72 5.50 19.200 1.320 3.747

An independent samples t-test was initially performed on the pretest HOTS scores, as indicated in Table
17, to assess the equality of students’ beginning abilities between the experiment and control classes. The
results demonstrated that the difference between the two groups is not significant with p-value = 0.346,
exceeding the significance threshold of 0.05, indicating that both classes possessed comparable baseline
HOTS levels prior to the intervention. This finding confirms that the two groups started from an equivalent
level of higher-order thinking skills, thereby providing a valid foundation for evaluating the effect of the
instructional treatment.
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Subsequent to the intervention, an independent samples t-test conducted on the posttest HOTS scores
yielded a p-value < 0.001, significantly below the threshold of 0.05. This outcome reveals a substantial
difference between the experiment group instructed using the Integrated Digital Learning Environment
(IDLE) and the control group subjected to traditional teaching methods. The substantial improvement
in the experimental group indicates that the implementation of IDLE was highly effective in enhancing
students’ higher-order thinking skills. To determine the magnitude of this difference, Cohen’s d (Cohen,
1988) was calculated and yielded an effect size of d = 3.747 indicating a large effect.

Then, the N-Gain was calculated to analyze the extent of HOTS improvement between those two groups.
Table 18 presents the average N-Gain scores for both the control and experiment groups.

Table 18. N-gain Score

Group Mean N-Gain Category
Experiment 0.63 Medium
Control 0.22 Low

The experiment group achieved an average N-Gain of 0.63 (medium category), whereas the control group
achieved 0.22 (low category) based on Hake (1998). This demonstrates that IDLE was more effective in
improving students’ ability to analyze, evaluate, and create solutions related to blood type problems.

To examine which higher-order thinking components were most strongly influenced by the IDLE intervention,
N-Gain values were calculated separately for each HOTS domain: C4 (Analysis), C5 (Evaluation), and C6
(Creation). The results are shown in Table 19.

Table 19. C4 -C6 domain N-Gain result

Domain Group Mean N-Gain Category

C4 - Analysis Experiment 0.68 Medium
Control 0.25 Low

C5 - Evaluation Experiment 0.56 Medium
Control 0.18 Low

C6 - Creation Experiment 0.63 Medium
Control 0.24 Low

The findings indicate that the experiment group outperformed the control group on all HOTS domains. The
highest N-Gain in the experiment group was observed in C4-Analysis (0.68), suggesting that the structured
reasoning tasks and case-based prompts in the IDLE worksheet were particularly effective in stimulating
analytical thinking. The N-Gain scores in C5-Evaluation and C6-Creation were also significantly higher for
the experiment group compared to the control group. These gains reflect the role of the virtual laboratory
in engaging students in evaluating experimental outcomes and generating new solutions, activities closely
aligned with evaluation and creation in Bloom’s taxonomy.

In contrast, the control group showed minimal improvement across all HOTS domains, with N-Gain
scores ranging between 0.18 and 0.25. This suggests that traditional instructional methods provided limited
opportunities for deeper analytical, evaluative, and creative reasoning. Overall, the comparison demonstrates
that IDLE offers a more effective learning environment for developing higher-order thinking skills, with
particularly strong effects on students’ ability to analyze, evaluate, and create based on biological test scenarios

such as blood typing,.
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DISCUSSIONS

The findings demonstrate that the IDLE system met both validity and practicality criteria. Expert validation
confirmed that the system was aligned with curriculum objectives, technically reliable, and pedagogically
appropriate. Importantly, experts agreed that the system incorporated elements that could promote higher-
order thinking by strengthening analysis, evaluation, and creation activities. This finding is consistent with
the view that digital learning environments should be intentionally designed to promote HOTS through
structured tasks and cognitively demanding activities rather than merely delivering content (Alanazi, Osman,
& Halim, 2025; Lu, Ji, Lu, & Shadiev, 2025; Maulana, Siswandari, Gunarhadi, & Efendi, 2025b)

The practicality assessment from teachers further reinforced the platform’s potential, with all aspects rated in
the “Very Practical” category. It means that teachers agreed that IDLE was simple to operate and navigate,
the learning materials were relevant to instructional goals, and the integration between the worksheet and
virtual laboratory supported the teaching process effectively, particularly in HOTS development. This
finding supports previous research suggesting that teacher acceptance and usability are critical factors for
the successful implementation of digital learning innovations in science education (Dan Qin, Che Hassan,
Nor Aniza Ahmad, & Maizura Yasin, 2025; Shambare & Jita, 2025). The students also rated IDLE as very
practical across all aspects. The high score indicates that students found the system valuable in helping
them to analyze the case provided in the worksheet, evaluate the experiment result in the virtual laboratory,
and create a new approach when they encounter a real-life medical situation. These results suggest that the
integration of worksheets and virtual laboratories into a single digital platform can provide a more engaging
and supportive learning environment for HOTS.

The effectiveness test result also align with previous research showing the potential of worksheets to improve
the ability of students to think critically and solve problems (Bashri et al., 2025). Moreover, previous research
found that virtual laboratories can support experimentation which can foster students’ analytical skills as part
of HOTS (Herraez, 2022). However, unlike earlier studies that explored these tools separately, the present
study demonstrates the advantages of combining both learning media into a unified web-based platform,
thus addressing the issue of fragmented learning experiences.

The mechanism underlying the effectiveness of IDLE can be explained through several theoretical perspectives.
First, from a constructivist viewpoint, learning occurs when students actively construct knowledge through
meaningful experiences (Eliza et al., 2024). The worksheet component in IDLE functions as a cognitive organizer
that structures problem analysis and guides inquiry processes, while the virtual laboratory provides experiential
simulation that allows students to test hypotheses and observe consequences. The sequential integration of these
two components reduces cognitive fragmentation and promotes coherent knowledge construction. Second, from
the perspective of cognitive load theory (Mayer, 2021), the integration within a single web-based environment
minimizes extraneous cognitive load that may occur when students switch between disconnected platforms.
By embedding experimental simulations directly within the analytical worksheet flow, IDLE supports germane
cognitive load devoted to reasoning and problem-solving processes. Third, the integration aligns with the inquiry-
based learning model (Dewi, Ardhana, Irtadji, Chusniyah, & Sulianti, 2021), where students move from problem
identification (worksheet), to experimentation (virtual lab), and finally to evaluation and solution design (reflective
tasks). This structured progression may explain why students were able to demonstrate improvement not only in
analytical skills but also in evaluative and creative dimensions of HOTS.

Therefore, these findings offer significant theoretical implications for the field of digital pedagogy. First,
this study provides empirical support that a unified digital workflow is effective in fostering HOTS. This
challenges fragmented learning approaches (Zhong & Xu, 2025) and proposes that cognitive synergy is best
achieved through a seamless instructional sequence. Second, the results extend cognitive load theory by
demonstrating that for HOTS, the reduction of extraneous cognitive load through platform integration is
a critical prerequisite for deep reasoning. Finally, this research enriches constructivist theory by illustrating
how digital scaffolding can bridge the gap between abstract analysis and applied experimentation, providing
a theoretical framework for designing integrated digital environments in science education.

However, the effectiveness of IDLE should not be interpreted as universally applicable without contextual
considerations. Virtual laboratories alone do not automatically improve higher-order thinking unless
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accompanied by explicit instructional scaffolding (Mulhayatiah etal., 2025). In certain contexts, students may
focus more on procedural interaction rather than conceptual reasoning. This suggests that the effectiveness
of IDLE may depend heavily on the quality of task design and teacher facilitation. Furthermore, while
the integrated design reduces cognitive fragmentation, it may also introduce challenges for students with
low digital literacy. In contrast to studies suggesting that digital integration increases engagement (Rizk &
Davies, 2021; Shiri & Baigutov, 2024), some research indicates that technological complexity can hinder
learning when not supported by adequate digital literacy and guidance (Caton, Bradshaw-Ward, Kinshuk, &
Savenye, 2022). Therefore, IDLE may be most effective in contexts where students possess sufficient digital
readiness and teachers actively mediate the learning process.

Moreover, the calculated effect size in this study is categorized as extraordinarily high. Statistically, this is
attributed to the substantial difference between the post-test means of the experimental and control groups,
coupled with relatively small standard deviations (SD) (Bakker et al., 2019). The small SD indicates that
the IDLE platform provided a consistent learning impact across nearly all students in the experimental
group, resulting in a tight data distribution. As stated in (Tobias et al., 2025) whose research on Al and
VR integration for enhancing ethical decision-making skills resulted in a Cohen’s d of more than 8.0, the
exceptionally high Cohen’s d values result from minimal variance within the 0-100 scoring range. This
suggests that the magnitude stems from the sample’s high consistency (homogeneity) as much as it is a
measure of the intervention’s effectiveness. Furthermore, as noted in educational research methodology,
quasi-experimental designs often report larger effect sizes compared to randomized experiments, as pre-
existing group dynamics can amplify the intervention’s impact (Cheung & Slavin, 2016). Lastly, the relatively
small sample size (N=60) may have influenced the sensitivity of the standard deviation, further contributing
to the magnitude of the reported Cohen’s d (Bakker et al., 2019).

Nevertheless, this research is limited to examining the validity, practicality, and short-term effectiveness
of the Integrated Digital Learning Environment (IDLE) in enhancing students’ higher-order thinking
skills. Although the effectiveness test demonstrated significant improvements in HOTS among students
using IDLE, the evaluation was conducted within a restricted instructional context and involved a limited
number of participants from a single school. Therefore, future research should extend the scope of evaluation
by implementing longitudinal performance testing, exploring the sustainability of HOTS development
over time, and involving larger and more diverse student populations. In addition, further studies may
investigate the scalability of IDLE across different biological topics and educational levels to strengthen its
generalizability and broader instructional impact.

CONCLUSION

This study developed an Integrated Digital Learning Environment (IDLE) that integrates web-based worksheets
and virtual laboratories to support the learning of blood type concepts in senior high school biology. The results
of expert validation confirmed that IDLE met the “Valid” criteria across all indicators, demonstrating strong
reliability, alignment with the curriculum, and high integration quality. Practicality testing further revealed that
both teachers and students rated IDLE as “Very Practical,” indicating that the platform is easy to use, pedagogically
appropriate, and well integrated into the learning process. Moreover, the effectiveness test provided empirical
evidence that IDLE significantly enhanced students’ Higher-Order Thinking Skills (HOTS), particularly in the
domains of analysis, evaluation, and creation, compared to conventional instruction. The significant differences
in posttest scores, supported by medium N-Gain values and a large effect size, indicate that the integration of
structured worksheets and virtual laboratory activities offers meaningful cognitive engagement and improves
conceptual understanding of blood type topics. Overall, these findings suggest that IDLE is a valid, practical,
and effective digital learning environment for biology education.

Practically, the development of IDLE offers significant implications for educators and educational institutions.
For teachers, IDLE reduces the instructional burden of managing fragmented digital tools by providing
a unified workflow that automates the transition from conceptual review to virtual experimentation.
This allows educators to focus more on high-level facilitation rather than technical troubleshooting. For
educational institutions, IDLE represents a cost-effective and scalable alternative to traditional wet labs,
enabling schools with limited physical laboratory resources to provide high-quality, HOTS-oriented science
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education. Furthermore, the platform’s integration within an LMS environment allows institutions to
leverage centralized learning analytics to monitor student progress in real-time.

To achieve maximum results during implementation, certain ideal conditions are recommended. First, students
should have stable access to the school’s Learning Management System (LMS) to ensure seamless data recording.
Second, it is crucial that the ‘Conceptual Review’ phase is strictly followed before entering the virtual laboratory
to prevent cognitive overload during complex simulations. Lastly, while IDLE is highly structured, maximum
HOTS development is best achieved when the digital intervention is paired with synchronous teacher-led
discussions to help students navigate the most challenging evaluative and creative tasks.
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