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ABSTRACT

Biology achievement in high-stakes examinations requires more than content coverage because learners must connect 
concepts, interpret evidence, and produce precise scientific explanations. This action research examined whether 
continuous differentiated Biology pedagogy was associated with achievement improvement across four Malaysian SPM 
cohorts: Estelle 2023, Viatrix 2024, Gladius 2025, and Audrea 2026. The study used a retrospective quantitative design 
involving anonymised aggregate examination records from Form 4, Form 5, Trial SPM SBP, and SPM. Grade 
distributions, GPMP/GPK, pass rate, G-risk, A-band, and A-B band indicators were reconstructed and analysed using 
descriptive statistics, chi-square redistribution tests, Cramer’s V, Friedman analysis, Kendall’s W, and trend diagnostics. 
The strongest completed-cycle evidence appeared in the 2025 Gladius cohort, where G-risk declined from 43.15% to 
0.00%, A-band representation increased from 1.37% to 57.82%, and GPK improved from 7.22 to 2.46. The completed 
cohorts reached zero SPM failure, while Audrea 2026 showed favourable interim movement. The findings provide 
practical implications for Biology panels by showing how evidence-informed differentiation can support early risk 
detection, targeted remediation, and enrichment for higher achievement.
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ABSTRAK

Pencapaian Biologi dalam peperiksaan berisiko tinggi menuntut lebih daripada liputan kandungan kerana murid perlu 
menghubungkan konsep, mentafsir bukti, dan menghasilkan penjelasan saintifik yang tepat. Kajian tindakan ini meneliti 
sama ada pedagogi Biologi terbeza secara berterusan berkait dengan peningkatan pencapaian merentas empat kohort 
SPM Malaysia: Estelle 2023, Viatrix 2024, Gladius 2025, dan Audrea 2026. Kajian ini menggunakan reka bentuk 
kuantitatif retrospektif berdasarkan rekod peperiksaan agregat tanpa nama daripada Tingkatan 4, Tingkatan 5, 
Percubaan SPM SBP, dan SPM. Taburan gred, GPMP/GPK, kadar lulus, risiko G, jalur A, dan jalur A-B dibina semula 
serta dianalisis menggunakan statistik deskriptif, ujian khi kuasa dua, Cramer’s V, analisis Friedman, Kendall’s W, dan 
diagnostik trend. Bukti kitaran lengkap paling jelas terdapat pada kohort Gladius 2025, apabila risiko G menurun 
daripada 43.15% kepada 0.00%, jalur A meningkat daripada 1.37% kepada 57.82%, dan GPK bertambah baik daripada 
7.22 kepada 2.46. Kesemua kohort lengkap mencapai sifar kegagalan SPM, manakala data interim Audrea 2026 
menunjukkan perkembangan awal yang positif. Dapatan ini memberi implikasi praktikal kepada panitia Biologi dengan 
menunjukkan bagaimana pedagogi terbeza berasaskan bukti dapat menyokong pengesanan risiko awal, pemulihan 
bersasar dan pengayaan pencapaian tinggi.

Kata Kunci: kajian tindakan; pendidikan Biologi; pedagogi terbeza; pentaksiran formatif; pencapaian SPM

INTRODUCTION

Biology achievement in upper secondary schooling is 
shaped by more than the memory of factual content. 
Students are expected to connect molecular, cellular, 
physiological, ecological and genetic ideas; interpret 
diagrams; reason from data; and write precise scientific 
explanations within the constraints of high-stakes 
examinations. In the Malaysian SPM context, these 

demands become especially visible because a single class 
may contain learners who need basic remediation, students 
who require consolidation of core concepts and high-
potential candidates who must be challenged to produce 
distinction-level responses.

The research problem addressed in this study concerns 
the uneven movement of Biology performance across 
repeated school assessments. In practice, examination data 
are often treated as terminal records rather than diagnostic 



46 Jurnal Pendidikan Malaysia 51(2) (2026)

signals for instructional redesign. The 2025 Gladius cohort 
showed a severe early-warning profile, with 63 of 146 valid 
graded candidates in the G category at PPT F4 and only 
two candidates in the A-band. However, the same cohort 
later reached zero G at SPM and 85 candidates in the 
A-band. This steep movement from risk to stronger 
attainment provides a useful site for practice-based inquiry.

The specific gap addressed by this study is the limited 
evidence on how routine high-stakes examination records 
can be used longitudinally within school-based action 
research to guide differentiated Biology intervention across 
consecutive SPM cohorts. Previous studies have established 
the value of differentiated instruction, formative assessment 
and active learning, but fewer studies show how these 
approaches are connected to repeated GPMP/GPK 
monitoring, grade-band redistribution and recursive 
classroom decision-making in a real Malaysian examination 
setting.

The study is situated within action research because 
the instructional problem emerged from classroom practice 
and the evidence was used recursively to refine learning 
support. The intervention was not a commercial package; 
it was a disciplined pattern of data interpretation, 
differentiated support, active Biology learning, and 
formative feedback. The contribution of the study is 
therefore practical and methodological: it shows how school 
examination data can be reconstructed mathematically, 
analysed transparently and used to guide evidence-informed 
differentiated pedagogy.

The study was guided by a set of objectives and 
research questions designed to examine Biology achievement 
improvement across four cohorts. Specifically, the 
objectives of the study are listed as follows:

1. To document changes in GPMP/GPK, pass rate, A-band 
representation, A-B band representation and G-risk across 
the available assessment points.

2. To test whether grade-category and collapsed grade-band 
distributions changed significantly within the complete 
2023, 2024 and 2025 cohorts.

3. To examine the extent to which the 2025 Gladius cohort 
moved from examination risk to stronger SPM attainment.

4. To interpret what the 2026 Audrea interim evidence 
suggests about the sustainability of the data-rich 
differentiated pedagogy cycle.

In line with these four objectives, the study was also 
structured around four research questions. These research 
questions are stated as RQ1, RQ2, RQ3 and RQ4 to ensure 
that each objective is directly connected to a specific 
analytical focus:

RQ1: How did GPMP/GPK, pass rate, A-band representation, 
A-B band representation and G-risk change across the 
available assessment points in the four cohorts?

RQ2: Was there statistically significant redistribution across 
grade categories and collapsed grade bands within the 
complete 2023, 2024 and 2025 cohorts?

RQ3: To what extent did the 2025 Gladius cohort 
demonstrate a movement from examination risk to stronger 
SPM attainment?

RQ4: What can the 2026 Audrea evidence suggest about 
the sustainability of the data-rich differentiated pedagogy 
cycle?

TABLE 1. Research Hypotheses and Alternative Hypotheses

Null 
hypothesis Statement Alternative 

hypothesis Statement

H01

There is no observable improvement in 
GPMP/GPK, pass rate, G-risk, A-band or 
A-B band indicators across the assessment 
points.

HA1

The assessment indicators improve across the 
cycle, shown by lower GPMP/GPK, higher pass 
rate, lower G-risk and higher A-band/A-B band 
representation.

H02

Grade-category and collapsed grade-band 
distributions do not differ significantly 
across assessment points in the complete 
cohorts.

HA2

Grade-category and collapsed grade-band 
distributions differ significantly across assessment 
points in the complete cohorts.

H03

The 2025 Gladius cohort does not 
demonstrate meaningful movement 
from examination risk to stronger SPM 
attainment.

HA3

The 2025 Gladius cohort demonstrates meaningful 
movement from examination risk to stronger SPM 
attainment.

H04

The 2026 Audrea interim evidence does 
not suggest a sustainable positive trajectory 
for the differentiated pedagogy cycle.

HA4

The 2026 Audrea interim evidence suggests a 
sustainable positive trajectory for the differentiated 
pedagogy cycle, although final effectiveness 
requires Trial SBP and SPM evidence.
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LITERATURE REVIEW

ACTION RESEARCH AND DATA-INFORMED 
SCIENCE TEACHING

Action research is well suited to classrooms where educators 
seek to improve classroom learning problems while 
producing evidence that can be scrutinised by others. In 
science education, contemporary reviews emphasise that 
action research is most useful when the problem is clearly 
defined, the action is documented, evidence is interpretable 
and the consequences of the intervention are critically 
reflected upon (Ilgaz et al. 2024; Kamarudin & Mat Noor 
2024). Participatory and collaborative forms of science 
action research also support professional judgement because 
they connect instructional decisions with observed learner 
responses (Cortes et al. 2024; Esparza et al. 2022).

The present study adopts this tradition by positioning 
routine examination data as a source of pedagogical 
intelligence. However, data-informed teaching is not 
equivalent to data accumulation. The value of assessment 
evidence depends on whether it leads to better decisions, 
including who requires reteaching, which concepts need 
re-explanation, which students are ready for enrichment 
and which feedback routines help learners regulate their 
revision.

DIFFERENTIATED INSTRUCTION AND 
RESPONSIVE PEDAGOGY

Differentiated instruction is a responsive design orientation 
in which content, process, product, grouping, questioning 
and feedback are adjusted according to learners’ readiness, 
learning needs and progress evidence. Recent systematic 
review and meta-analytic evidence indicates that 
differentiated instruction can improve learning outcomes 
when it is structured, aligned with learning objectives and 
supported by professional expertise (AM et al. 2023; 
Kahmann et al. 2022; Langelaan et al. 2024). In secondary 
classrooms, differentiation also has affective importance 
because students who experience repeated difficulty may 
disengage unless support is visible, attainable and non-
stigmatising (Pozas et al. 2020; Pozas et al. 2021).

In examination classes, differentiation must avoid two 
weaknesses. The first is over-remediation, where attention 
is concentrated only on failing students and potential 
distinction candidates are neglected. The second is over-
enrichment, where advanced learners receive demanding 
tasks while struggling learners continue to accumulate 
misconceptions. A balanced differentiated model therefore 
needs dual movement: rescuing learners from G-risk while 
simultaneously expanding the A-band.

FORMATIVE ASSESSMENT, FEEDBACK AND 
SELF-REGULATED LEARNING

Formative assessment is powerful when evidence about 
learning is used to change what learners and educators do 
next. Recent meta-analyses and umbrella reviews show 
positive effects of formative assessment on K-12 
achievement while cautioning that implementation quality, 
feedback specificity and student uptake strongly influence 
outcomes (Sortwell et al. 2024; Yao et al. 2024). In science 
classrooms, formative assessment requires the elicitation 
of learners’ conceptual reasoning, interpretation of errors 
and selection of the next instructional response rather than 
merely counting marks (Dayal 2021; Dini et al. 2020).

Further feedback research clarifies that information 
alone is insufficient. Feedback becomes educative when it 
clarifies standards, locates the gap between current and 
desired performance and guides students towards feasible 
next actions (Lipnevich & Panadero 2021; Panadero & 
Lipnevich 2022). Peer assessment, self-assessment and 
self-regulated learning routines can deepen this process 
because learners begin to monitor their own response quality 
and revision strategies (Double et al. 2020; Mejeh et al. 
2022; Xu et al. 2023; Yan et al. 2020; Yan et al. 2022; Zheng 
et al. 2022).

ACTIVE BIOLOGY LEARNING, RETRIEVAL AND 
INQUIRY

Biology learning requires students to reconstruct 
explanations, not merely recognise correct terms. Active 
learning in Biology has been associated with deeper 
conceptual engagement when students explain mechanisms, 
draw processes, retrieve concepts, analyse evidence and 
discuss scientific reasoning (Driessen et al. 2020; Pratiwi 
et al. 2021; Wang et al. 2023). Wider STEM evidence 
supports active learning as a means of improving 
achievement, although methodological critiques remind 
researchers to describe interventions precisely and avoid 
simplistic claims (Freeman et al. 2014; Martella et al. 2023; 
Theobald et al. 2020).

Inquiry-based and Science-Technology-Society 
approaches are relevant because Biology examination 
questions often require transfer to unfamiliar contexts. 
Recent synthesis evidence suggests that inquiry-oriented 
teaching can strengthen critical thinking and science 
learning outcomes when inquiry is guided, purposeful and 
linked to assessment criteria (Acut & Antonio 2023; Arifin 
et al. 2025; Ozturk et al. 2022).
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CONCEPTUAL FRAMEWORK

Figure 1 presents the conceptual framework. The framework links diagnostic evidence to differentiated action, active 
Biology learning, formative feedback and measurable outcomes. The arrow returning from outcomes to diagnostic 
evidence is essential because action research is not a one-time intervention but a recursive cycle in which new evidence 
reopens the next instructional decision.

FIGURE 1. Data-rich differentiated Biology pedagogy as a recursive action-research framework

METHODOLOGY

RESEARCH DESIGN

The study used a retrospective action research design with 
quantitative outcome evaluation. The action-research 
component captured the iterative cycle of planning, acting, 
observing and reflecting, while the quantitative component 
analysed aggregate grade distributions and GPMP/GPK 
outcomes across repeated assessment points. Because the 
data were not randomised, did not include a control group 
and were not available at matched individual-student level, 
the design was interpreted as practice-based improvement 
evidence rather than experimental proof.

To strengthen the action research characteristics, each 
major assessment point was treated as the beginning of a 
planning-acting-observing-reflecting-replanning cycle. 
During planning, GPMP/GPK values, pass rate, G-risk, 
A-band representation and topic weaknesses were reviewed 
to identify learners requiring remediation, consolidation 
or enrichment. During action, differentiated tasks, targeted 
clinics, retrieval practice, inquiry prompts and structured 
feedback were implemented. During observation, the next 
assessment results and grade-band movements were 
examined. During reflection and re-planning, the next 
instructional cycle was adjusted according to persistent 
misconceptions, stagnant G-risk or unrealised A-band 
potential.

Ethical safeguards were observed by using anonymised 
aggregate school assessment records only. No student 
names, demographic identifiers, individual marks or 

interview data were collected. Permission to conduct the 
analysis was granted by the school administration where 
the study was conducted.

RESEARCH SAMPLE AND PARTICIPANTS

The study context was Form 4 and Form 5 Biology at Tunku 
Kurshiah College, Negeri Sembilan, Malaysia. The dataset 
consisted of anonymised aggregate examination records 
for four cohorts: Estelle 2023, Viatrix 2024, Gladius 2025 
and Audrea 2026. Candidate numbers reported in the 
summary dashboard ranged from 147 to 149. The 2023 to 
2025 cohorts had complete outcome sequences through 
SPM, while the 2026 Audrea cohort was still in progress 
and therefore included only interim early-cycle evidence 
at the time of analysis.

The assessment labels were PPT F4 or PPT T4, PAT 
F4 or PAT T4, PPT F5, Trial SPM SBP and SPM. The 
detailed grade table supplied candidate counts across A+, 
A, A-, B+, B, C+, C, D, E and G. The comparison 
dashboard supplied GPMP/GPK indicators, ETR targets, 
SPM outcomes and SPM failure counts.

DATA COLLECTION METHOD AND 
INSTRUMENTATION

The principal instrument was the school examination 
record, reconstructed from aggregate grade distributions 
and GPMP/GPK comparison dashboards. The intervention 
model was named Iterative Data-Rich Differentiated 
Biology Pedagogy (IDDBP). It converted examination 
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evidence into immediate instructional action at different 
readiness levels. Table 2 summarises the model.

The classroom implementation included concrete 
differentiated strategies that were selected after each 
diagnostic review. For remediation groups, the intervention 
used short reteaching clinics, guided diagram reconstruction, 
vocabulary repair, worked examples, micro-quizzes and 
correction of frequent misconceptions. For consolidation 
groups, the intervention emphasised retrieval practice, peer 

explanation, structured response rehearsal and comparison 
with model answers. For A-band enrichment, learners 
engaged with higher-order data interpretation, mechanism-
writing tasks, transfer questions and timed SPM-style 
responses. Formative assessment was implemented through 
feedback cycles, self-checklists, peer review and post-
assessment reflection so that students could identify why 
an answer was incomplete and how to improve it in the 
next cycle.

TABLE 2. Iterative Data-Rich Differentiated Biology Pedagogy Intervention Structure

Mechanism Instructional action Student learning function Expected evidence

Diagnostic evidence

Analyse GPMP/GPK, grade 
bands, G-risk, A-band potential 
and topic weakness after each 
major assessment.

Recognise current achievement 
position and immediate target.

Sharper risk identification 
and more accurate grouping.

Flexible grouping

Create temporary groups for 
remediation, consolidation and 
enrichment; adjust membership 
after new evidence.

Receive support or challenge 
matched to readiness rather 
than fixed labels.

Movement out of G and D/E 
bands; stronger A-B band 
participation.

Tiered remediation

Re-teach difficult concepts 
through diagrams, guided 
examples, vocabulary repair and 
short checks.

Rebuild prerequisite Biology 
knowledge and reduce 
misconception load.

Lower G-risk and improved 
pass rate.

A-band enrichment

Use higher-order structured-
response tasks, data 
interpretation, mechanism 
explanation and transfer 
questions.

Practise distinction-level 
reasoning under examination 
conditions.

A-band and A-B band 
expansion.

Retrieval and inquiry

Use low-stakes recall, concept 
maps, drawing, oral explanation, 
peer discussion and inquiry 
prompts.

Strengthen recall, conceptual 
links and scientific explanation.

Improved GPK and response 
quality.

Feedback and self-regulation

Provide specific feedback, model 
answers, correction cycles, peer 
review and self-monitoring 
checklists.

Identify gaps, revise responses 
and plan next revision.

Sustained improvement 
across assessment cycles.

DATA ANALYSIS METHOD

The main variables were valid graded candidate count (N), 
grade count (n_g), pass count, G-risk count, A-band count, 
A-B band count, GPMP/GPK, ETR target and SPM failure 
count. A-band was defined as A+, A and A-. The A-B band 
was defined as A+, A, A-, B+ and B. G-risk referred to 
candidates in the G category. Because the Malaysian grade-
point scale assigns lower values to stronger grades, 
improvement is reflected by declining GPK.

The GPK reconstruction used the formula GPK_t = 
Sigma_g(n_gt w_g) / N_t, where n_gt is the number of 
candidates in grade g at assessment t, w_g is the grade-point 
weight and N_t is the valid graded candidate count. The 
weights were A+ = 0, A = 1, A- = 2, B+ = 3, B = 4, C+ = 
5, C = 6, D = 7, E = 8 and G = 9. The main proportion 
formulas were Pass_t = ((N_t - G_t) / N_t) x 100; G-risk_t 

= (G_t / N_t) x 100; A-band_t = ((A+_t + A_t + A-_t) / 
N_t) x 100; and A-B_t = ((A+_t + A_t + A-_t + B+_t + 
B_t) / N_t) x 100.

Descriptive statistics reported GPMP/GPK, A-band, 
A-B band, G-risk and pass-rate trajectories. Chi-square 
tests of independence examined whether full grade-
category distributions changed within each complete 
cohort. Collapsed grade-band tests used five bands as a 
sensitivity analysis to reduce sparse-cell concerns. 
Cramer’s V was interpreted as the distributional effect size. 
Friedman analysis tested whether the three complete 
cohorts showed systematic GPMP/GPK movement across 
five repeated assessment points, with Kendall’s W reported 
as a non-parametric effect size.

The dataset was first reconstructed and verified using 
Microsoft Excel. Excel was used to organise the aggregate 
grade distributions, confirm valid candidate counts, classify 
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grades into A-band and A-B band categories, calculate pass 
rate, G-risk, GPMP/GPK indicators, ETR comparisons and 
percentage changes across assessment points. The 
reconstructed dataset was then imported into Stata for 
inferential statistical analysis. In Stata, chi-square tests of 
independence were conducted to examine whether full 
grade-category distributions and collapsed grade-band 
distributions differed significantly across assessment points 
within the complete cohorts. Cramer’s V was computed to 
determine the strength of distributional change. Friedman 
analysis was used to evaluate repeated GPMP/GPK 
movement across the five assessment points for the 
completed cohorts, while Kendall’s W was reported as the 
non-parametric effect-size measure. The combined use of 
Excel and Stata strengthened the analysis by allowing 
transparent data reconstruction, systematic statistical 

testing and reproducible interpretation of cohort-level 
achievement trajectories.

FINDINGS AND DISCUSSION

RESEARCH QUESTION 1

RQ1 asked how GPMP/GPK, pass rate, A-band 
representation, A-B band representation and G-risk 
changed across the available assessment points. Table 3 
shows the GPMP/GPK trajectory across the four cohorts. 
Lower values indicate stronger grade quality. The 
completed cohorts all reached zero SPM failure, while the 
2026 Audrea cohort remained incomplete but showed 
stronger interim values than the corresponding Gladius 
values at matching early stages.

TABLE 3. GPMP/GPK Comparison Dashboard Across Four Cohorts

Cohort Candidates PPT T4 PAT T4 PPT T5 Trial SBP ETR SPM SPM fail PPT T4 to 
SPM delta

2023 Estelle 149 5.79 6.69 5.44 5.09 1.47 1.68 0 4.11
2024 Viatrix 147 4.91 5.87 4.45 4.37 1.31 1.59 0 3.32
2025 Gladius 147 7.22 6.69 5.93 5.97 1.52 2.46 0 4.76
2026 Audrea 148 5.34 5.31 4.82 - 1.58 - - -

GPMP/GPK improved across the completed cohorts 
by the final SPM outcome, and SPM failure was eliminated 
in Estelle, Viatrix and Gladius. The 2025 Gladius cohort 
showed the largest improvement from PPT T4 to SPM 
because it started from the weakest early position. The 
Audrea 2026 data also moved favourably at the interim 
stage, with GPMP/GPK improving from 5.34 at PPT T4 
and 5.31 at PAT T4 to 4.82 at PPT T5.

H01 is rejected and HA1 is accepted. The direction of 
the evidence is consistent with lower GPMP/GPK, 
elimination of SPM failure in the complete cohorts, and 
stronger grade-band movement. This decision is based on 

descriptive cohort trajectories and the significant repeated 
GPMP/GPK result reported under RQ2.

Table 4 provides the grade-band evidence for the most 
important completed-cycle and interim comparisons. The 
Gladius cohort shifted from 43.15% G-risk at PPT F4 to 
0.00% at SPM. At the same time, its A-band representation 
increased from 1.37% to 57.82%, and its A-B band 
increased from 13.01% to 84.35%. Audrea also showed 
favourable interim movement: G-risk fell from 14.77% to 
10.27%, while A-band representation increased from 
19.46% to 26.71%.

FIGURE 2. GPMP/GPK trajectory by cohort, with lower values indicating stronger grade quality
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TABLE 4. Grade-Band Outcomes for Key Assessment Points

Cohort Assessment Valid N GPK Pass n (%) G-risk n (%) A-band n (%) A-B band n (%)
2025 Gladius PPT F4 146 7.22 83 (56.85) 63 (43.15) 2 (1.37) 19 (13.01)
2025 Gladius PAT F4 147 6.69 101 (68.71) 46 (31.29) 8 (5.44) 25 (17.01)
2025 Gladius PPT F5 147 5.93 110 (74.83) 37 (25.17) 17 (11.56) 52 (35.37)
2025 Gladius Trial SBP 147 5.97 119 (80.95) 28 (19.05) 11 (7.48) 43 (29.25)
2025 Gladius SPM 147 2.46 147 (100.00) 0 (0.00) 85 (57.82) 124 (84.35)
2026 Audrea PAT F4 149 5.32 127 (85.23) 22 (14.77) 29 (19.46) 65 (43.62)
2026 Audrea PPT F5 146 4.82 131 (89.73) 15 (10.27) 39 (26.71) 72 (49.32)

RESEARCH QUESTION 2

RQ2 examined whether there was statistically significant redistribution across grade categories and collapsed grade bands 
within the complete cohorts. Table 5 shows that all complete cohorts recorded statistically significant redistribution in 
both the full 10-grade and collapsed five-band analyses. The 2025 Gladius cohort produced significant redistribution in 
the full grade table, chi-square(36, N = 734) = 407.20, p < .001, V = .372, and in the collapsed grade-band table, chi-
square(16, N = 734) = 302.47, p < .001, V = .321. The repeated GPMP/GPK trajectory across completed cohorts was 
also significant, Friedman chi-square(4, n = 3) = 10.93, p = .027, Kendall W = .91.

TABLE 5. Inferential Statistical Summary

Analysis Statistic df/design p value Effect size Interpretation

2023 full 10-grade 
distribution chi-square = 475.04 df = 36 < .001 V = 0.399 Large significant 

redistribution

2023 collapsed five-
band distribution chi-square = 293.12 df = 16 < .001 V = 0.314 Sensitivity-confirmed 

redistribution

2024 full 10-grade 
distribution chi-square = 472.13 df = 36 < .001 V = 0.401 Large significant 

redistribution

2024 collapsed five-
band distribution chi-square = 272.08 df = 16 < .001 V = 0.304 Sensitivity-confirmed 

redistribution

2025 full 10-grade 
distribution chi-square = 407.20 df = 36 < .001 V = 0.372 Large significant 

redistribution

2025 collapsed five-
band distribution chi-square = 302.47 df = 16 < .001 V = 0.321 Sensitivity-confirmed 

redistribution

2026 interim 
collapsed five-band 

distribution
chi-square = 3.04 df = 4 .551 V = 0.102 Descriptive but not 

conclusive

Completed-cohort 
GPMP/GPK trajectory

Friedman chi-square 
= 10.93 k = 5; n = 3 .027 Kendall W = 0.91

Strong repeated 
trajectory with 
small-n caution

There was statistically significant redistribution across 
grade categories and collapsed grade bands in the complete 
2023, 2024 and 2025 cohorts. The finding is robust because 
the full 10-grade tests and collapsed five-band sensitivity 
tests produced the same substantive conclusion.

H02 is rejected and HA2 is accepted. The p values for 
all complete-cohort grade redistribution tests were below 
.001, and the Cramer’s V values indicated meaningful 
distributional change. The 2026 interim test was not 
significant and is therefore not used as evidence of final 
redistribution.

RESEARCH QUESTION 3

RQ3 focused on the extent to which the 2025 Gladius 
cohort moved from examination risk to stronger SPM 
attainment. Figures 3 and 4 show a clear rescue-and-
excellence pattern. G-risk declined steadily and reached 
zero at SPM, while A-band and A-B band outcomes 
expanded sharply by the final assessment. This indicates 
that the intervention did not merely move weak candidates 
across a minimum pass boundary; it also supported upward 
movement into stronger achievement bands.
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FIGURE 3. 2025 Gladius movement from G-risk to A-band and A-B band achievement

FIGURE 4. Grade-band redistribution for the 2025 Gladius cohort

The 2025 Gladius cohort demonstrated a substantial 
movement from examination risk to stronger SPM 
attainment. Its GPK improved from 7.22 at PPT F4 to 2.46 
at SPM, the pass rate increased from 56.85% to 100.00%, 
G-risk fell from 43.15% to 0.00%, A-band representation 
rose from 1.37% to 57.82%, and the A-B band expanded 
from 13.01% to 84.35%.

H03 is rejected and HA3 is accepted. The magnitude and 
direction of change show a strong practical transformation. 
The distributional tests reported under RQ2 further support 
the conclusion that the Gladius movement was not a minor 
fluctuation across adjacent categories.

The Gladius outcome is educationally important 
because it shows dual movement. A purely remedial 
strategy might have reduced failure but would not 

necessarily have expanded distinction-level outcomes. 
Conversely, a purely enrichment strategy might have 
improved the top band while leaving weaker learners 
behind. The observed shift supports the instructional logic 
of combining diagnostic evidence, tiered remediation, 
A-band enrichment, retrieval practice, inquiry-based 
explanation and feedback cycles.

This pattern is consistent with differentiated instruction 
research showing that learning gains are more likely when 
support is structured, responsive and aligned with 
achievement evidence (AM et al. 2023; Kahmann et al. 
2022; Langelaan et al. 2024). It also supports formative 
assessment literature, which argues that assessment 
becomes educationally powerful only when evidence 
changes subsequent teaching and learner action (Dayal 
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2021; Dini et al. 2020; Sortwell et al. 2024; Yao et al. 2024). 
In the present study, the plausible mechanism was not a 
single teaching activity but the accumulation of connected 
decisions: diagnostics made risk visible, differentiation 
matched support to readiness, retrieval and inquiry 
strengthened conceptual explanation, and feedback 
converted errors into specific next steps. This helps explain 
why the reduction of G-risk and the expansion of A-band 
attainment occurred together.

RESEARCH QUESTION 4

RQ4 asked what the 2026 Audrea evidence suggests about 
the sustainability of the data-rich differentiated pedagogy 
cycle. The Audrea cohort should not be judged as a 
completed outcome because Trial SBP and SPM data were 
not yet available. Nevertheless, the interim signal is 

favourable. Compared with Gladius at matching stages, 
Audrea recorded a GPMP/GPK advantage of 1.38 points 
at PAT T4/PAT F4 and 1.11 points at PPT F5. Its G-risk 
also decreased and its A-band representation increased 
between the two available assessment points.

FIGURE 5. Final SPM A-band rates across the three completed 
cohorts

FIGURE 6. Interim 2026 Audrea GPMP/GPK compared with the 2025 Gladius cohort

A cautious scenario projection was also computed using historical calibration from the completed cohorts. The 
projection estimated Audrea’s Trial SBP GPMP/GPK at 4.68 and SPM 2026 GPMP/GPK at 1.68. This is shown in Figure 
7. The projection is not a confirmed outcome; it is a planning scenario that helps school leaders and Biology panels 
monitor whether the cohort remains on track.

FIGURE 7. Observed and projected GPMP/GPK trajectory for the 2026 Audrea cohort
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The Audrea evidence suggests early sustainability 
rather than final effectiveness. The available interim 
indicators move in the expected direction: GPMP/GPK 
improved, G-risk decreased, pass rate increased and A-band 
representation expanded. In addition, Audrea performed 
better than Gladius at comparable early stages. However, 
the interim collapsed-band chi-square result was not 
statistically significant, and the final Trial SBP and SPM 
outcomes are still required.

The Audrea pattern should therefore be interpreted as 
a monitoring signal rather than proof of completed impact. 
Its early advantage over Gladius at comparable points 
indicates that the IDDBP cycle may have become more 
stable and better institutionalised, but the non-significant 

interim chi-square result requires caution. This interpretation 
is consistent with action research principles because each 
new dataset is used to guide the next instructional cycle 
rather than to make premature causal claims.

H04 is rejected at the descriptive and practical-
monitoring level, and HA4 is cautiously accepted as an 
interim sustainability claim. However, the hypothesis is 
not treated as fully confirmed at the inferential level 
because the interim chi-square result for Audrea was non-
significant, chi-square(4) = 3.04, p = .551, V = .102. The 
responsible conclusion is that Audrea is on a promising 
trajectory, but final effectiveness must be verified when 
Trial SBP and SPM 2026 results become available.

SUMMARY OF RESEARCH QUESTIONS AND HYPOTHESIS DECISIONS

TABLE 6. Direct Answers to Research Questions and Hypothesis Decisions

RQ Direct answer Null hypothesis decision Alternative hypothesis decision

RQ1
GPMP/GPK, pass rate, G-risk, A-band and 

A-B band moved favourably across the cycle, 
especially in completed cohorts.

H01 rejected HA1 accepted

RQ2

Complete cohorts showed statistically 
significant full-grade and collapsed-band 

redistribution; repeated GPMP/GPK trajectory 
was also significant.

H02 rejected HA2 accepted

RQ3

Gladius 2025 moved strongly from examination 
risk to SPM attainment: G-risk 43.15% to 

0.00%, A-band 1.37% to 57.82%, and GPK 
7.22 to 2.46.

H03 rejected HA3 accepted

RQ4

Audrea 2026 shows promising interim 
sustainability but not final effectiveness; 

inferential confirmation awaits Trial SBP and 
SPM data.

H04 rejected descriptively but 
not fully at inferential level HA4 cautiously accepted

PRACTICAL IMPLICATIONS

Table 7 translates the findings into a practical dashboard 
that schools can adapt after major assessments, during 
professional learning community sessions or before Dialog 
Prestasi discussions. The dashboard is deliberately simple 
because an unsustainable model is unlikely to shape 
classroom learning meaningfully.

For replication, Biology panels should keep a brief 
intervention log after each assessment, recording the 
diagnostic issue, the learner group targeted, the differentiated 
strategy applied, the evidence collected and the next 
decision made. This log would make the action research 
cycle visible and would allow future studies to link 
quantitative outcomes with classroom implementation 
fidelity.

TABLE 7. Practical Biology Action-Research Dashboard for Future Implementation

Dashboard element Guiding question Action trigger Suggested response

GPK/GPMP Is overall grade quality 
improving? GPK stagnates or increases. Revisit topic weaknesses and 

intensify response practice.

G-risk count How many candidates remain at 
failure risk?

G count remains high after 
one cycle.

Run targeted remediation clinics 
and micro-quizzes.

A-band count Are potential distinction 
candidates being stretched? A-band growth remains flat.

Introduce higher-order data 
interpretation and mechanism-
writing tasks.
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Dashboard element Guiding question Action trigger Suggested response

A-B band count Is the middle distribution moving 
upward?

B and C bands do not convert 
upward.

Use model answers, structured 
peer review and criteria-based 
correction.

Topic diagnostics Which Biology topics produce 
repeated errors?

Same misconception appears 
across classes.

Re-teach using diagrams, analogy, 
retrieval and application questions.

Feedback uptake Do students act on feedback? Corrections are submitted but 
errors repeat.

Add self-checklists and require 
revision commentary.

CONCLUSION

The main objective of this study was to determine how 
routine examination evidence could be transformed into 
diagnostic action, differentiated support and measurable 
improvement. The main findings answer all four research 
questions by showing improved GPMP/GPK and grade-
band outcomes across the completed cohorts, with all three 
completed cohorts achieving zero SPM failure and 
statistically significant grade redistribution. The 2025 
Gladius cohort showed the strongest transformation, while 
the 2026 Audrea cohort provides a promising but still 
cautious early indication of sustainability pending Trial 
SBP and SPM 2026 results.

The study concludes that aggregate school examination 
records can become a rigorous source of pedagogical 
improvement when they are reconstructed carefully, 
analysed transparently and interpreted with methodological 
caution. The proposed dashboard can support earlier risk 
detection, targeted remediation, enrichment for high-
potential learners and structured feedback cycles.

The study is limited by its aggregate, non-randomised 
design, absence of individual-level student trajectories and 
incomplete Audrea data. Future research should use 
anonymised longitudinal student-level data, topic-level 
diagnostics, qualitative reflections and matched comparison 
designs where ethically feasible.
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APPENDIX A

List of abbreviations and symbols used in the manuscript.

TABLE 8. List of Abbreviations and Symbols

Abbreviation/Symbol Meaning in this manuscript
A-band Combined distinction category comprising A+, A and A- grades.
A-B band Combined high-achievement category comprising A+, A, A-, B+ and B grades.
ETR Expected Target Result used by the school as an achievement benchmark.
F4 / F5 Form 4 and Form 5 in the Malaysian upper secondary context.
G-risk Proportion or count of candidates in the G category.
GPK / GPMP Grade-point average indicators where lower values indicate stronger grade quality.
IDDBP Iterative Data-Rich Differentiated Biology Pedagogy.
PAT / PPT End-of-year and mid-year examinations.
SBP Sekolah Berasrama Penuh, or fully residential school context.
SPM Sijil Pelajaran Malaysia, the national secondary school leaving examination.
V / W Cramer’s V and Kendall’s W effect-size indices.
chi-square Statistic used to test distributional differences.
Delta Change score between two assessment indicators.
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