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Embedded assessment is useful only when interaction records preserve how each response 

was reached. This study presents the design and initial evaluation of Bintang Sains, a 

browser-based science learning system for junior secondary students with mild intellectual 

disabilities in Indonesian special schools. Using a design-and-development research 

approach and the Media Development Life Cycle (MDLC), requirements were elicited from 

19 teachers at one special school and translated into a system combining multimodal science 

content, embedded quizzes, and attempt-level interaction logging. Each response is stored 

as a separate record containing the selected option, attempt ordinal, correctness, and 

response latency. Four media experts and four content experts evaluated the system; both 

panels returned an overall Aiken’s V of 0.96. User-response testing involved 20 students 

from two other schools during a single 25-minute session. The mean rating was 3.91 on a 

four-point scale, and 15 students (75%) completed the activities without teacher assistance. 

Technical checks showed an initial load time of 2.4 s over a 10 Mbps connection; the system 

remained functional offline during an open session. The findings support initial content 

relevance, acceptability, and technical feasibility, but do not establish learning gains, 

diagnostic validity, or sustained engagement. The schema preserves reattempts and 

response latency but does not record teacher assistance, narration use, or navigation history. 

Larger, longer-term studies across schools are needed before these records can support 

claims about learner competence or educational effectiveness. 
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1. INTRODUCTION

Most educational software assumes that students read 

fluently, can attend for a fixed period, and have reliable 

devices and internet access. Where these assumptions fail, the 

software becomes difficult or impossible to use, as is often the 

case in Indonesian special schools (Sekolah Luar Biasa, SLB). 

In these schools, junior secondary students with mild 

intellectual disabilities learn science (Ilmu Pengetahuan Alam, 

IPA) from dense explanatory texts and are assessed in 

inflexible formats. The cognitive demands of these materials 

frequently exceed the working memory and processing 

abilities typical of this group [1]. The Ministry of Primary and 

Secondary Education reports 245,350 students with 

disabilities among the 50,409,242 students enrolled in 

Indonesian education in 2025 [2]. At this scale, accessibility 

has to be handled as an engineering requirement in its own 

right. 

Specialized software rarely reaches these schools, and 

reviews of educational technology in low- and middle-income 

settings attribute this mainly to installation, maintenance, and 

hardware [3]. A workable system has to solve two problems at 

once. Its presentation layer must give access to content without 

depending on the ability to decode text, and its deployment 

must tolerate low-cost, mismatched devices with no technical 

administration. Game-based design helps with the first 

problem. Digital games produce moderate learning gains [4, 

5], gamified mechanics bring cognitive and motivational 

benefits [6], and the elements responsible are well catalogued 

[7]. For learners with intellectual disabilities, however, these 

elements have mostly been used to teach functional and daily-

living skills [8-10], and platforms for school subjects are rare 

[11]. 

The second problem concerns architecture. In the few tools 

that teach academic content to this population, assessment 

usually sits outside the learning flow, and what a learner did 

while studying is stored apart from what they answered 

afterwards. Assessment designs that draw evidence from the 

activity itself have been proposed to close this gap [12], yet 

their success depends on how the data are modeled and stored, 

and published systems seldom report these decisions. The 

requirements that follow are technical as well as instructional. 

They include installation-free deployment, delivery of every 

content unit as text, image, and synthesized speech, item-level 

interaction kept as data rather than as a single score, and data 

handling that complies with the rules for minors with 

disabilities. No published system combining these features for 

Indonesian special education was found. 
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This paper describes such a system. Bintang Sains 

(“Science Star”) delivers science content aligned with the 

curriculum of special junior secondary schools (Sekolah 

Menengah Pertama Luar Biasa, SMPLB) through multimodal 

cards, synthesized narration, a penalty-free embedded 

assessment module, and a progress and reward subsystem. Its 

assessment subsystem is treated as a matter of data design. The 

study specifies and implements an attempt-level schema but 

does not fit a learner or competency model to the resulting 

data. Following design-and-development research [13], the 

study is limited to requirements elicitation, construction, 

expert validation, and a first round of user-response testing; 

learning effectiveness, diagnostic accuracy, and long-term 

engagement are not evaluated. The paper addresses four 

questions. What system requirements emerge from a needs 

analysis with special education teachers? What architecture, 

data model, and process model satisfy them? How do media 

and content experts judge the relevance and suitability of the 

implemented system? And how do the intended users respond 

to it in a first session? 
 

 

2. LITERATURE REVIEW 
 

2.1 Web-based systems as accessible learning 

infrastructure 

 

Browser delivery has practical consequences for 

deployment. Nothing has to be installed on each device, no 

administrative privileges are required, and a responsive build 

adapts to whatever screen is available. Reviews of educational 

technology for learners with disabilities in low- and middle-

income countries identify infrastructure and maintenance 

burden as the main constraint on sustained use [3]. Special 

education has moved from purpose-built hardware towards 

general-purpose devices [14], including consumer tablets [15]; 

browser delivery removes the remaining dependence on a 

particular device or operating system. 

Pairing words with relevant imagery and routing verbal 

information through the ear spreads processing across two 

channels [16]. Universal Design for Learning builds on this 

idea through principles of multiple means of representation 

and engagement [17]; its benefits are reported but rarely tested 

rigorously [18]. Most of this literature is conceptual [19] or set 

in higher education [20], and it covers lessons [21] and teacher 

preparation [22] far more often than software. Text-to-speech 

support improves comprehension, but the gain depends on 

baseline decoding skill [23], which argues for making 

narration optional. 

 

2.2 Embedded assessment as an interaction data problem 

 

Embedded assessment gathers evidence continuously from 

ordinary interaction rather than through a separate instrument 

[12]. Once assessment is embedded, the interaction log 

becomes the evidence base. This works only if the data model 

stores individual attempts, each linked to an item, the response 

given, and the time taken, in addition to outcomes. Cano et al. 

[8] showed that telemetry such as task-completion time and 

error frequency validly indicates skill acquisition among users 

with intellectual disabilities, and game design taxonomies treat 

assessment as part of the design [7]. The assessment 

subsystem is thus a data management component whose 

schema limits later inference: a final score alone cannot 

support analyses of reattempts or response latency. 

2.3 Research gaps 

 

Three gaps remain. Reviews of game-based learning for 

students with intellectual disabilities find school subjects 

underrepresented and assessment integration weak [9, 10]. 

Published systems rarely describe architecture, data models, or 

technical evaluation, which makes them hard to replicate. 

Regulatory questions are rarely discussed, even though such 

systems log data from minors with disabilities, whom 

Indonesian Law No. 27 of 2022 on Personal Data Protection 

singles out for stronger protection. In schools, it is the teacher 

who operates the system, so teacher-facing requirements 

belong in the specification as well. Perceived usefulness and 

ease of use predict information system adoption [24], 

including teachers' classroom technology use [25], and 

Indonesian teachers' adoption of online assessment depends on 

facilitating conditions and performance expectancy [26]. 

These constructs informed only the requirements 

questionnaire and requirements N1, N2 and R8, not the 

assessment design. 

 

 

3. METHODS 
 

3.1 Research design and development methodology 

 

We used a design-and-development research approach, in 

which an artefact is designed, built and evaluated against a 

specification set in advance [13, 27]. The study covers 

requirements elicitation, construction, expert validation, and a 

limited round of user-response testing; effectiveness testing is 

planned separately, because validity and usability should be 

established before effectiveness is measured. Construction 

followed the Media Development Life Cycle (MDLC): 

concept, design, material collection, assembly, and testing. We 

chose MDLC because it has a separate material collection 

stage, and preparing the multimodal assets took a large share 

of the engineering effort. Figure 1 maps the research phases 

onto the MDLC stages. 

 

 
 

Figure 1. Research and system development design, mapping 

the four research phases onto the five Media Development 

Life Cycle (MDLC) stages 

 

3.2 Participants 

 

Participants were selected purposively on the basis of role, 

expertise, and involvement with the problem [28] (Table 1). 
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Table 1. Participants by research phase 

 
Group (Phase) n Selection Criteria 

Special education teachers 

(requirements elicitation) 
19 

Active teachers of students with intellectual disabilities at SLB YRTRW Surakarta 

(requirements elicitation only); 4 to 24 years of experience. 

Media experts (system validation) 4 
Master's degree or higher in educational technology, visual communication design, or 

educational software engineering; at least 3 years' experience. 

Content experts (content 

validation) 
4 

Master's degree or higher in science education, special education, or educational assessment; at 

least 3 years' experience. 

Students with mild intellectual 

disabilities (user-response testing) 
20 

Enrolled at one of two other SLB partner schools in Central Java; formal diagnosis by a school 

psychologist or SLB assessment team; eligible age range 12 to 16; able to use a digital interface 

with minimal support. 
Note: SLB = Sekolah Luar Biasa. 

 

Table 2. Evaluation instruments and assessment aspects 

 
Instrument Respondents Scale and Items Assessment Aspects 

Requirements 

questionnaire 
19 teachers 

4-point Likert (8 items), multiple 

choice, open-ended 

Technology use, learning barriers, interface 

preferences, priority content 

Media validation 4 media experts 4-point Likert (23 items), comments 
Software engineering, visual design, instructional 

design, accessibility 

Content validation 4 content experts 4-point Likert (21 items), comments 
Curriculum alignment, learner suitability, embedded 

assessment design, item quality, inclusiveness 

Student response scale 20 students Four-level pictorial scale (10 items) Ease of use, enjoyment, intention to reuse 

Observation sheet 20 students Per-student event counts Assistance by type, navigation errors, quiz attempts 

Of the 19 teachers, 15 were women (78.9%). Their mean 

age was 39.2 years (standard deviation (SD) = 7.5), their mean 

teaching experience was 12.6 years (SD = 5.4), and 13 held a 

bachelor's and 6 a master's degree. The 20 students were 

divided equally between two SLB partner schools in Central 

Java. Their mean age was 13.85 years (SD = 0.74, observed 

range 13 to 15); 12 were boys, 8 were girls, and 11 were in 

Grade 7, 6 in Grade 8, and 3 in Grade 9. The requirements-

elicitation school took part only in requirements elicitation; the 

system was tested with students at two different schools. The 

schools arranged consent with students and their parents or 

guardians before data collection; participation was voluntary, 

and the Research Ethics Committee of LPPM, Universitas 

Negeri Malang, approved the study, as presented in Ethics 

Approval and Consent. 

 

3.3 Instruments and data analysis 

 

Five instruments were used (Table 2). The requirements 

questionnaire was completed by the 19 teachers during a focus 

group discussion (FGD) session at their school; its constructs 

were drawn from the technology acceptance literature [24] and 

the needs-analysis procedure in reference [13]. The media 

validation instrument covered aspects consistent with 

established frameworks for evaluating multimedia learning 

resources [29], and the content validation instrument 

structured item cognitive demand with the revised taxonomy 

of educational objectives [30]. A structured observation sheet 

was used to record, for each student, the topics completed, 

navigation errors, and quiz outcomes on first and subsequent 

attempts. It also recorded teacher assistance events, classified 

as verbal, gestural, modelling, or physical prompts. 

The student response scale was developed by the authors for 

this study. It was informed by the System Usability Scale 

(SUS) [31] and child-adapted instruments [32, 33], but its ten 

items, simplified wording, and four-level pictorial format 

differ from the original SUS, so its scores are not comparable 

with SUS norms. Pictorial response options improve response 

rates and reliability in self-report by people with intellectual 

disability [34]. 

Content validity was analyzed with Aiken's V [35], which 

measures how far an expert panel agrees that an item is 

relevant: 
 

𝑉 =
∑𝑠

𝑛(𝑐 − 1)
 (1) 

 

where, s = r − lo, r is a rater's rating, lo the lowest category, n 

the number of raters and c the number of categories. V was 

computed per item and aggregated by aspect and overall, and 

read against the tabulated significance criterion [35] and the 

benchmark of V ≥ 0.80 for high content validity [36]. The 

questionnaire and student scale were analyzed descriptively, 

converting item means to percentages against a four-tier 

classification (86 to 100% very feasible; 71 to 85% feasible; 

56 to 70% sufficiently feasible; below 55% not feasible) [37]. 

Observation data were summarized as counts per student and 

per school. Expert comments, open-ended responses, FGD 

notes and observation notes were analyzed by inductive 

thematic analysis [38]. 

 
 

4. SYSTEM DESIGN AND IMPLEMENTATION 

 

4.1 Concept: Requirements specification 
 

Table 3. Requirements questionnaire results (n = 19) 

 
Item M SD 

Interactive media are needed 3.95 0.22 

Existing media are inadequate 3.84 0.37 

Students engage with game-based learning 3.89 0.31 

Immediate feedback is important 3.95 0.23 

Embedded assessment is needed 3.79 0.42 

Simple navigation is important 4.00 0.00 

Audio support is necessary 3.74 0.45 

Reward systems sustain engagement 3.95 0.22 

Overall 3.89 — 
Note: M = mean; SD = standard deviation. 

 

The teachers rated the need for interactive, web-delivered 
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science media for this population highly (overall mean (M) = 

3.89 of 4.00; 97.3%; Table 3). Agreement was near-

unanimous on simple navigation (M = 4.00) and immediate 

feedback (M = 3.95), whereas audio support (M = 3.74) and 

embedded assessment (M = 3.79) received the lowest means. 

Audio instructions (94.7%), rewards (89.5%), and large targets 

(84.2%) were the most often prioritized features. Four themes 

emerged from the open-ended responses and FGD notes: 

abstract concepts are hard to grasp from text alone; the 

interface should be simple and consistent, with large icons and 

little text; visible rewards sustain effort; and assessment 

should sit inside the activity. Eight functional and four non-

functional requirements were derived from these themes 

(Table 4). They describe the conditions reported by teachers at 

one school and are not assumed to characterize Indonesian 

special schools in general. 

 

Table 4. Mapping of elicited needs to system requirements 

 
Requirement Source Realization 

R1 Multimodal delivery of every content unit Theme 1; audio 94.7% Card with text, image and synthesized speech 

R2 Optional learner-invoked narration Audio support M = 3.74 Listen control on each card 

R3 Penalty-free assessment, no time limit Theme 4; M = 3.79 Quiz with unlimited reattempts 

R4 Item-level interaction logging Theme 4 Attempt record per item response 

R5 Progress and reward feedback Theme 3; 89.5% Star award; progress page 

R6 Large targets, minimal text Theme 2; 84.2% Enlarged controls; one proposition per card 

R7 Adjustable presentation Theme 2 Font size and display settings 

R8 Facilitator guidance Theme 2 Teacher and parent page 

N1 Installation-free deployment Constraint reported by teachers Browser-delivered client 

N2 Low-specification devices Constraint reported by teachers 
Target: Chrome 90+, Firefox 88+, Safari 14+; 360 px 

viewport 

N3 Protection of minors' data Law No. 27/2022 
Local storage bound to a pseudonymous session 

identifier 

N4 Content maintainable by non-developers Teacher operator role Content in a structured data file 
Note: R = functional requirement; N = non-functional requirement. 

 

4.2 Design: System architecture 

 

Requirements N1 and N2 call for a client-centric web 

application, delivered over Hypertext Transfer Protocol 

Secure (HTTPS) and run entirely in the browser. Keeping 

presentation, navigation, assessment, and reward logic on the 

client removes per-device installation and avoids server 

contact during lessons, which suits the unreliable connectivity 

reported by the participating teachers. Figure 2 shows the four 

layers. The presentation layer renders the cards, quiz, progress 

view, and facilitator page, and holds the accessibility controls 

(Section 4.5); the application logic layer handles sequencing, 

answer evaluation, reattempts, star awards, and progress state; 

the data layer holds the content repository and interaction 

record (Section 4.3); and the integration layer reaches speech 

synthesis. 

Presentation and application logic are written in React 18.2 

and shipped as a pre-built static bundle. The integration layer 

calls the browser's Web Speech application programming 

interface (API) [39], which delegates synthesis to the speech 

engine available on the device (Section 4.6). The data layer 

uses browser-local storage, and apart from the static file host, 

there is no server-side component. The system does not use a 

service worker. Once the bundle has loaded, it remains 

operable without a network connection for the rest of an open 

session, but reloading the page requires connectivity. Table 5 

lists the specification. 

 

 
 

Figure 2. Layered architecture of the Bintang Sains system 

 

Table 5. System specification 

 
Parameter Specification 

Target users Junior secondary students with mild intellectual disabilities (SMPLB) 

Deployment Browser-delivered; no installation 

Client framework React 18.2 with Vite 5.0 

Speech synthesis Web Speech API, Indonesian (id-ID) voice (engine depends on browser and operating system) 

Persistence Browser-local storage; no server component 

Content 6 topics; 8 cards and 5 quiz items per topic (30 items) 

Assets 
JSON text files; WebP illustrations (mean 45 KB); SVG icons; MP3 confirmation sounds (mean 12 KB); 

narration generated at runtime 

Client specification Target: Chrome 90+, Firefox 88+, Safari 14+; 360 px viewport; 2 GB RAM (not yet verified on school devices) 

Network Initial load approximately 1.8 MB; operable offline within an open session; reloading requires connectivity 
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4.3 Design: Conceptual and data model 

 

The data model separates authored content entities, which 

change rarely, from interaction entities written at runtime, 

which form the assessment evidence. This separation meets 

requirement R4 without tying the assessment record to the way 

content is presented. Figure 3 shows the six entities and their 

attributes; Learner carries only a pseudonymous session 

identifier (Section 4.6). 

 

 
 

Figure 3. Entity relationship model of the content and 

interaction repositories 

 

Table 6. Variables retained and not yet retained in the 

interaction record 

 
Variable Status Potential Use 

Selected option, 

correctness 
Retained Accuracy; error patterns 

Attempt ordinal Retained 
First-attempt correctness; 

attempts to success 

Response latency 

(ms) 
Retained 

Rapid guessing versus 

deliberate response 

Narration use 
Not 

retained 
Reliance on auditory support 

Navigation history 
Not 

retained 

Reviewing cards before 

answering 

Interruption and 

idle time 

Not 

retained 
Interpreting latency outliers 

Item difficulty 
Not 

retained 

Calibrated competency 

estimation 

Teacher assistance 

flag 

Not 

retained 

Assisted versus independent 

completion 

 

In implementation, an Attempt record is keyed by attemptId 

(a version 4 UUID) and holds sessionId and itemId as foreign 

keys. The remaining attributes are selectedOption (string), 

isCorrect (boolean), attemptOrdinal (integer), and 

responseTimeMs (integer). Records last as long as browser 

storage does; they are not transmitted to a server. Since each 

response is stored separately instead of being collapsed into a 

topic score, the sequence of reattempts and the latency of each 

response are preserved. These variables are necessary but not 

sufficient for competency modelling. The schema does not 

record narration use, navigation history, interruptions, item 

difficulty, or teacher assistance, and the last of these proved 

important during testing (Section 5.2). As Attempt is an 

independent entity, these variables can be added as new 

attributes or as a separate Event entity without restructuring 

existing records (Table 6). 

 

4.4 Design: Process model 

 

Within a topic, the interaction follows a deterministic state 

machine (Figure 4). A wrong quiz answer produces corrective 

feedback and returns control to the same item (requirement 

R3). There is no failure terminal state, and every transition 

writes to the interaction record before the interface changes, so 

the stored evidence stays complete if a session ends 

unexpectedly. Unlimited reattempts do, however, complicate 

interpretation. A learner can retry until the answer is correct, 

so final correctness carries little information on its own, and 

the evidence has to come from first-attempt correctness, the 

number of attempts and response latency (Section 6). 

 

 
 

Figure 4. State model of the learning and assessment 

interaction 

 

4.5 Material collection and accessibility implementation 

 

Content covers six IPA topics from the SMPLB curriculum: 

Living Organisms, Our Body, Ecosystem, The Solar System, 

States of Matter and Energy. Each topic has eight cards, each 

with a progress indicator, one short proposition in plain 

vocabulary with a concrete example, an illustration, and a 

control that reads the card aloud (Figure 5). Narration is 

generated from the displayed text, so the spoken and written 

channels cannot diverge through an authoring error.  

Body text has a contrast ratio of 7.2:1 and interactive 

controls 5.1:1. An automated audit was run to check the 

interface against the Web Content Accessibility Guidelines 

(WCAG) 2.1 at Level AA [40]. Targets measure at least 64 × 

64 px, font size has three levels (16, 20 and 24 px), and every 

illustration has plain-language alternative text. These checks 

establish conformance with general accessibility guidelines; 

they do not by themselves establish accessibility for learners 

with intellectual disabilities, which Section 5.2 examines 

through observation. 
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Figure 5. Implemented interface of Bintang Sains: (a) homepage with the three-step visual guide; (b) topic-selection screen with 

star progress indicators; (c) flashcard screen with the illustrated proposition and the Listen (Dengarkan) control 

 

4.6 Security, privacy and regulatory compliance 

 

Under Indonesian Law No. 27 of 2022, children's data 

require parental consent, and health-related information 

requires stronger protection. Accordingly, the system keeps 

only the data its assessment function needs. The Learner entity 

stores no names, dates of birth, class, school, or diagnosis, and 

records are linked to a session rather than a permanent account, 

so no long-term profile is created. The application bundle is 

delivered over HTTPS; learner data are not transmitted. Each 

record stays in the browser storage of the device on which it 

was created. For the research, the class teacher manually 

copied a summary of each student's assessment activity from 

the test device at the end of the session, without identifying 

information; the research team accessed only these summaries. 

Local-only storage also has costs. It rules out longitudinal 

assessment across sessions, loses records when storage is 

cleared or a device fails, prevents continuity across devices, 

and gives teachers no access to interaction histories beyond 

what they copy by hand. A future version could add a teacher-

controlled, encrypted export or synchronization with a school-

local store under the same consent and minimization rules. 

Speech synthesis raises a less obvious issue. If narration is 

produced by an online service, card text is sent with each 

request; the text is not learner data, but request patterns could 

reveal which topics were studied and when. With an on-device 

id-ID voice, card text does not leave the device, but some 

browser–voice combinations route synthesis through the 

vendor's online service. Bintang Sains therefore cannot 

guarantee by itself that no text reaches a third party; 

deployments should prefer voices reported as local 

(localService = true), and schools should be informed when 

only an online voice is available. 

5. RESULTS OF SYSTEM EVALUATION 

 

5.1 Expert validation 

 

The four media experts agreed on the relevance and 

suitability of all four aspects (overall V = 0.96; Table 7). 

Instructional design received the highest value (0.98) and 

visual communication design the lowest (0.94). The four 

content experts reached a similar judgement (overall V = 0.96), 

with the highest value for inclusiveness (0.98) and the lowest 

for embedded assessment design (0.94). No aspect fell below 

the 0.80 benchmark. The experts' written comments still led to 

several changes before any student used the system: 

interactive targets were enlarged, instructions simplified, color 

contrast increased, confirmation sounds added for selection 

and reward events, and a replay control added for narration and 

quiz items. 

 

Table 7. Expert validation results (Aiken's V) 

 
Assessment Aspect Aiken's V 

Media experts (n = 4): software engineering 0.96 

Visual communication design 0.94 

Instructional design 0.98 

Accessibility 0.95 

Media validation overall 0.96 

Content experts (n = 4): curriculum alignment 0.97 

Suitability for target learners 0.95 

Embedded assessment design 0.94 

Assessment item quality 0.96 

Inclusiveness 0.98 

Content validation overall 0.96 
Note: All aspects fall in the high content validity category (V ≥ 0.80). 
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5.2 User-response testing 

 

Testing took place at the two partner schools on separate 

days. At each school, 10 students worked with the system one 

at a time, supported by their class teacher. Each 25-minute 

session included the card sequences and the quizzes, and the 

researcher recorded structured observations. The overall scale 

mean was 3.91 of 4.00 (97.6%, very feasible; Table 8). 

Enjoyment and reward were at the ceiling (M = 4.00), and 

audio quality was the lowest (M = 3.75), consistent with the 

experts' comment on feedback salience. 

Structured observation (Table 9) showed that all 20 students 

completed three topics within the session and that 15 (75%) 

worked without any teacher assistance. The remaining five 

received 29 assistance events, all during the quiz and none 

during the card sequences. The prompts were verbal, with the 

teacher reading aloud or describing what was on the screen, or 

gestural, with the teacher pointing to the relevant option; some 

students also asked the teacher to confirm an option before 

selecting it. No modelling or physical prompts were needed, 

and no navigation errors occurred. Of 300 quiz responses, 299 

were correct on the first attempt; the single error, made by the 

student who needed the most assistance, was corrected on the 

second attempt. Figure 6 shows the testing sessions. 

 

Table 8. Student response scale results (n = 20; four-level 

scale) 

 

Indicator M 
Percentage of Maximum 

Score (%) 

Ease of use 3.90 97.5 

Interest 3.95 98.8 

Enjoyment 4.00 100.0 

Clarity of instructions 3.80 95.0 

Visual presentation 3.95 98.8 

Audio quality 3.75 93.8 

Navigation 3.85 96.3 

Reward mechanism 4.00 100.0 

Engagement 3.90 97.5 

Overall satisfaction 3.95 98.8 

Overall 3.91 97.6 
Note: M = mean score. 

 

Table 9. Observed interaction indicators during user-

response testing 

 

Indicator 
School A 

(n = 10) 

School B 

(n = 10) 

Total  

(n = 20) 

Topics completed 

per student 
3 3 3 

Completed all 

session activities 
10 10 20 (100%) 

Worked without 

assistance 
7 8 15 (75%) 

Assistance events 

(verbal/gestural) 
13 (5/8) 16 (7/9) 29 (12/17) 

Modelling or 

physical prompts 
0 0 0 

Events per assisted 

student, range 
2–7 6–10 2–10 

Navigation errors 0 0 0 

Correct on first 

attempt 
150/150 149/150 

299/300 

(99.7%) 

Mean attempts per 

item 
1.00 1.01 1.00 

Note: Each student completed three topics with five quiz items each (15 

items). All assistance occurred while students were answering quiz items. 
 

 
 

Figure 6. User-response testing at the SLB partner schools: 

(a) navigating a topic with teacher guidance; (b) completing 

an embedded quiz item; (c) completing the response scale; 

(d) the researcher and class teacher supervising  
Note: Images are reproduced with permission. SLB = Sekolah Luar Biasa. 

 

5.3 Technical performance evaluation 

 

Requirements N1 and N2 were tested on the deployed build 

using browser developer tooling and a small set of browser–

platform combinations (Table 10); the schools' own devices 

were not profiled. Initial load took 2.4 s over a 10 Mbps 

connection (1.8 MB, cold cache). Mean narration latency over 

30 trials was 180 ms. At 360 px, the layout reflowed to a single 

column without horizontal scrolling or clipped targets. With 

the network disabled after the initial load, all topics, the quiz, 

and the reward subsystem remained operable within the open 

session. A continuous 25-minute session showed no memory 

growth, rendering degradation, or unhandled error. On 

Safari/iPadOS, narration starts only after a first user 

interaction, a platform restriction on autoplay that teachers 

deploying on iPads should expect. These results do not 

establish performance on the 2 GB RAM devices given as the 

target specification. After testing, the home control was 

enlarged, narration volume raised, and graphical assets 

compressed. 

 

Table 10. Technical performance and compatibility results 

 
Parameter Environment Result 

Initial load time 
Chrome 120, 

Windows 10 
2.4 s/1.8 MB 

Narration latency 
Chrome 120, 

Windows 10 
180 ms mean 

Functional 

completeness 
Chrome, Android 11 Pass 

Functional 

completeness 

Firefox 121, 

Windows 10 
Pass 

Functional 

completeness 
Safari 15, iPadOS 

Narration after 

first user 

interaction 

Offline operation 

(open session) 
All tested browsers Pass 

25-minute session 

stability 

Chrome 120, 

Windows 10 

No degradation 

observed 
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6. DISCUSSION 

 

The requirements came from teachers at a single school and 

describe that school's conditions. The student evaluations at 

two other schools show that the design was usable there, but 

not that the requirements generalize. Architecturally, the 

design rests on three decisions. Browser delivery removes the 

installation and maintenance burden identified as the main 

obstacle in resource-limited schools [3], although offline 

operation is limited to an open session. Generating narration 

at runtime from the card text keeps speech and text consistent 

(Section 4.5). Storing each response as a separate attempt 

preserves the reattempt sequence and latency on which 

embedded assessment depends [12], although more variables 

will be needed before a competency model can be fitted (Table 

6).  

The Aiken's V values of both expert panels exceeded the 

tabulated criterion [35] and the conventional benchmark [36]. 

These indices show agreement on the relevance and suitability 

of the designed components; they do not show that embedded 

assessment improves learning or that the attempt data support 

valid inferences about learners.  

With unlimited reattempts, final correctness carries little 

information on its own, so interpretation has to rest on other 

indicators. In this session, 299 of 300 responses were correct 

on the first attempt. Because each topic's quiz follows 

immediately after its cards, this most likely reflects immediate 

recall rather than mastery or retention, and the quiz did not 

differentiate between learners. Future analyses could 

distinguish four patterns: mastery, indicated by first-attempt 

correctness that persists on delayed items, such as items 

repeated in a later session or mixed across topics; guessing, 

indicated by very short latencies followed by errors; trial-and-

error, indicated by attempt counts approaching the number of 

options; and assisted completion, which the current schema 

cannot detect. The five students prompted while answering left 

records identical to independent ones, which is why Table 6 

includes an assistance flag. 

The positive student ratings and the high rate of independent 

completion require cautious interpretation. The ratings are 

close to ceiling, which limits their diagnostic value. Self-report 

by people with intellectual disability is prone to acquiescence 

and social desirability, especially when adults are present [34], 

and the pictorial scale reduces but does not remove this bias. 

Novelty may also have raised engagement, as reward 

mechanics can lose effect over time [6]. The evaluation also 

consisted of one 25-minute session with 20 students, and five 

needed repeated prompts during the quiz. The evidence 

therefore supports a narrower claim, namely that the system 

was usable and well received on first contact by most 

participants. It does not address durable engagement or 

learning. 

Data storage, retention and third-party exposure are largely 

architectural decisions, although Section 4.6 shows that 

speech synthesis also depends on the deployment 

environment. The reusable contribution is a design pattern 

made up of content held as data, narration generated from the 

displayed text, attempt-level assessment records, browser 

delivery without installation, and a learner entity that holds 

nothing identifying. Whether this pattern supports learning in 

under-resourced schools remains to be tested in classroom 

studies across more schools. 

 

 

7. CONCLUSIONS 

 

This study designed, built, and initially validated Bintang 

Sains, a web-based learning system with embedded 

assessment for junior secondary students with mild intellectual 

disabilities. The design was based on requirements from 19 

teachers at one school, and the system stores every quiz 

attempt as a separate record linked to a pseudonymous session. 

Both expert panels agreed on the relevance and suitability of 

the components. In a single 25-minute session, students from 

two other schools rated the system positively, and most 

completed it without assistance. These findings indicate initial 

validity and acceptability, not learning effects. 

Five limitations apply. First, the study did not measure 

learning, diagnostic accuracy, or long-term engagement. 

Second, user-response testing involved 20 students in a single 

session; the ratings may be affected by ceiling, acquiescence, 

social desirability, and novelty effects, and quiz outcomes 

reflect immediate recall. Third, the requirements came from 

one school. Fourth, the technical measurements did not use the 

schools' own devices. Fifth, records are stored only locally, 

and narration privacy depends on the available speech engine. 

The follow-up study will add the variables in Table 6, 

including an assistance flag and delayed items, before a 

competency model is fitted to the extended record. A 

subsequent classroom study should assess learning with the 

interaction records as evidence, track engagement beyond first 

contact, include more regions and a wider range of intellectual 

disabilities, and repeat the technical evaluation on the devices 

that schools actually own. 
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NOMENCLATURE 

 

c number of rating categories 

lo lowest rating category 

M mean score 

n number of raters 

r rating given by a rater 

s r minus lo 

SD standard deviation 

V Aiken's V coefficient 
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