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	Feature
	Standard Moodle Analytics
	Proposed Fairness-Aware Framework

	Primary Evaluation Metric
	Summative score & completion status [7, 11, 23]
	Behavioral latency & recovery patterns

	Connectivity Analysis
	None (assumes constant uptime) [9, 14, 25]
	Detects infrastructure-induced gaps

	Fairness Indicator
	Not available [12, 18, 19]
	Behavioral Fairness Index (BFI)

	Data Granularity
	Attempt-level logs [11, 16]
	Event-stream sequences (Time-stamped)

	Intervention Strategy
	Remedial based on grades [15, 21, 24]
	Equity-based validation of performance


Table 1. Comparison between Standard Moodle Analytics and the Proposed Fairness-Aware Framework


	Assessment
	Students
	Evaluated
	Mean Score
	Section Count
	Status

	First Midterm (25 pts)
	206
	39 numeric*
	73.9%
	4
	Partial evaluation

	2nd Midterm — Theory (15 pts)
	58
	58
	78.1%
	4
	Complete

	2nd Midterm — Practical (10 pts)
	65
	Pending manual
	--
	4
	Incomplete

	Final — Theory (20 pts)
	137
	137
	90.4%
	5
	Complete

	Final — Practical (10 pts)
	151
	Pending manual
	--
	5
	Incomplete

	Supplementary — Theory (10 pts)
	29
	29
	94.7%
	4
	Complete

	Supplementary — Practical (10 pts)
	29
	Pending manual
	--
	4
	Incomplete


Table 2. Examination dataset summary. *First midterm: 167 of 206 students have open-ended questions (Q26, Q27) awaiting manual grading.




	Observed Condition
	Behavioral Evidence (Moodle Logs/Recovery)
	Recommended Institutional Action

	(P1) Complete Disconnection 
	Session duration recorded but 100% of questions remain unanswered.
	Automatic Re-attempt: Grant a new attempt without academic penalty.

	(P2) Delayed Entry 
	Effective active time < 5 mins; first action logged near session end.
	Administrative Review: Offer a full re-attempt if logs validate the delay.

	(P3) Partial Interruption 
	Sudden log gaps; >50% of questions submitted as "blank" or unsaved.
	Targeted Compensation: Grant additional time or partial extension for missing parts.

	(P4) Repeated Vulnerability 
	Multiple high-stakes assessments show consistent disruption signatures.
	Priority Investigation: Committee review for hardware or access intervention.

	(P5) Strong Recovery
	Score difference (Δscore) > +40% between disrupted and stable sessions.
	Grade Adjustment: Prioritize the recovery score as the true reflection of merit.


Table 3. Fairness recommendation matrix based on observed behavioral evidence.


	 Student
	Start Time
	Session Duration
	Unanswered / 13
	Interpretation

	Student A
	12:20
	1h 39m
	13/13
	Complete disconnection — full session

	Student B
	12:20
	1h 39m
	13/13
	Complete disconnection — full session

	Student C
	12:24
	1h 35m
	13/13
	Complete disconnection — full session

	Student D
	12:37
	1h 22m
	13/13
	Complete disconnection — delayed start

	Student E
	12:57
	1h 2m
	13/13
	Complete disconnection — late access

	Student F
	1:13
	46 min
	13/13
	Severe late entry — connectivity barrier


Table 4. Complete disconnection cases — final practical examination. Student names anonymized for publication.

	 Student (anon.)
	Section
	2nd Mid Practical
	Final Theory
	Final Practical
	Supplementary
	Pattern Count

	Student A
	201
	Disrupted
	4/20 — 16 blank
	Disrupted
	10/10
	3 exams

	Student B
	201
	Disrupted
	0/20 — 20 blank
	Ungraded
	10/10
	3 exams

	Student C
	102
	--
	6/20 — 14 blank
	--
	9.52/10
	2 exams

	Student D
	103
	--
	--
	13/13 blank
	10/10
	2 exams

	Student E
	202
	13 blank
	Complete
	13/13 blank
	--
	2 exams


Table 5. Students with repeated disruption signatures across multiple assessments and their supplementary recovery performance.

	Statistical Test
	Groups Compared
	Statistic
	p-value
	Effect Size
	Interpretation

	Mann-Whitney U
	Disrupted (n=9) vs Non-disrupted (n=128)
	U = 27.50
	p < 0.0001
	r = 0.952 (large)
	Disrupted students score significantly lower

	Mann-Whitney U
	Disrupted (n=9) vs Non-disrupted (n=128)
	U = 27.50
	p < 0.0001
	r = 0.952 (large)
	Disrupted students score significantly lower

	Chi-square (pass/fail)
	Pass rate: 33.3% vs 100%
	χ² = 74.03, df=1
	p < 0.0001
	—
	Significant association between disruption and failure

	Cohen's d
	Mean: 6.89 vs 18.86 (out of 20)
	d = 2.641
	—
	Large (d > 0.8)
	Practically significant performance gap

	Recovery Δ (descriptive)
	Final 17.5% → Supplementary 97.6%
	Δ = +80.1%
	—
	—
	Infrastructure-induced failure confirmed

	Kruskal-Wallis (sections)
	5 sections × scores
	H = 2.271
	p = 0.686
	—
	No significant section bias — teaching consistency ✓


Table 6. Statistical Analysis of Performance Differences Between Disrupted and Non-Disrupted Students — Final Theory Examination (n=137)


	 Student (anon.)
	Final Exam Score
	Supplementary Score
	Δ Recovery
	Fairness Interpretation

	Student A
	0/20 (0%)
	10/10 (100%)
	+ 100%
	Strong: complete infrastructure evidence

	Student B
	4/20 (20%)
	10/10 (100%)
	+ 80%
	Strong: repeated disruption confirmed

	Student C
	6/20 (30%)
	9.52/10 (95.2%)
	+ 65.2%
	Strong: behavioral evidence consistent

	Student D
	4/20 (20%)
	10/10 (100%)
	+ 80%
	Strong: delayed entry documented

	Supplementary Class Average
	--
	9.47/10 (94.7%)
	--
	Confirms academic readiness of cohort


Table 7. Recovery-based validation cases. Large positive Δ values confirm infrastructure-induced failure hypothesis.
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