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Abstract

Universities play a dual role as sites of learning and as institutions that certify student
competence through assessment. The rapid diffusion of generative artificial intelligence
(GenAl) challenges this certification function by altering the conditions under which as-
sessment evidence is produced. When powerful Al tools are widely available, grades
may increasingly reflect a combination of individual understanding and external cognitive
support rather than solely independent competence. This study examines how changes
in assessment format interact with GenAl availability to reshape observable performance
outcomes in higher education. Using exam grade data from a compulsory undergraduate
course delivered over five years (2021-2025; N = 1066), the study exploits a naturally occur-
ring change in assessment conditions as a natural experiment. From 2021 to 2024, the course
was assessed using an Al-permissive take-home examination, while in 2025 the assessment
shifted to an Al-restricted, supervised in-person examination. Course content, intended
learning outcomes, grading criteria, examiner continuity, and the structural design of the
examination tasks remained stable across cohorts. The results reveal a pronounced shift in
grade distributions coinciding with the format change. Failure rates increased sharply in
2025, mid-range grades declined, and the proportion of top grades remained largely un-
changed. Statistical analysis indicates a significant association between examination period
and grade outcomes (x*(5, N = 1066) = 60.62, p < 0.001), with a small-to-moderate effect
size (Cramér’s V = 0.24), driven primarily by the increase in failing grades. These findings
suggest that Al-permissive and Al-restricted assessment formats may not be measurement-
equivalent under conditions of widespread GenAl use. The results raise concerns about
construct validity and the credibility of grades as signals of independent competence, while
also highlighting tensions between certification credibility and assessment authenticity.

Keywords: generative artificial intelligence; assessment validity; grade distributions; higher
education assessment; credential signaling

1. Introduction

Universities function not only as sites of learning but also as institutions that certify
student competence. Through assessment, universities signal whether students who pass
have reached a minimum level of ability required for subsequent study, professional
practice, and participation in the labor market. This certification function depends on a core
assumption: that assessment outcomes, typically expressed as grades, provide a reasonable
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indication of what students can do independently [1,2]. When this assumption is weakened,
grades become harder to interpret, undermining both the credibility of academic credentials
and the institutional role of the university as a certifying authority [3,4].

The rapid diffusion of generative artificial intelligence (GenAl), particularly large
language models such as ChatGPT, has begun to unsettle this premise. Since late 2022,
these tools have become widely accessible, increasingly embedded in students’ everyday
study practices, and difficult to detect reliably in submitted work [5-7]. As a result, it has
become easier to produce assessment outputs that meet conventional grading criteria while
obscuring the extent to which observed performance reflects individual understanding
rather than external cognitive support. This development poses a fundamental challenge
to higher education assessment by calling into question what grades actually certify when
powerful cognitive assistance is readily available.

Parts of the emerging literature on Al and assessment have shifted the focus away
from cheating and misconduct toward concerns about assessment validity and grade
credibility. The central issue is the erosion of stable links between observed assessment
performance and the underlying competencies institutions claim to measure [3,8]. From
this perspective, the challenge is institutional rather than individual: if assessment systems
cannot generate defensible inferences about competence under conditions of widespread Al
access, universities” claims about the meaning and reliability of grades become increasingly
difficult to sustain [4,9].

These validity concerns are not merely theoretical. GenAl is already widely used
in assessment-related tasks such as idea generation, drafting, coding, and paraphrasing,
often in strategically instrumental ways aimed at successful task completion rather than
learning [5,10]. Importantly, the performance effects of Al appear to be uneven. Meta-
analytic evidence suggests that lower-performing students tend to benefit more from Al
support than higher-performing peers, who already possess the skills required to meet task
demands [11]. This asymmetry has distributional consequences. By lowering the cognitive
effort required to meet minimum performance standards, Al use can compress grade
distributions and reduce differentiation near pass thresholds, precisely where assessment
outcomes carry the greatest credentialing significance [11]. Under Al-permissive conditions,
some students may therefore cross pass thresholds without demonstrating the level of
independent competence that grades are intended to certify, weakening the signal value of
academic credentials.

In response to the broader challenges that widespread Al use poses for assessment va-
lidity, credential credibility, and institutional certification, universities have experimented
with governance strategies including Al detection tools, revised integrity policies, re-
designed assessments, and renewed emphasis on Al-restricted in-person examinations [8,9].
Restricting access to Al during assessment increases the likelihood that observed perfor-
mance reflects unaided competence. At the same time, such restrictions raise concerns
about authenticity and relevance. In many disciplines, graduates will be expected to use
Al and other digital tools as part of professional practice. Assessments that systematically
prohibit these tools risk evaluating students under artificially constrained conditions [6,8].

Despite the intensity of this debate, there is a shortage of empirical studies that isolate
how changes in assessment conditions, specifically the availability or restriction of GenAl,
affect observable performance outcomes. Much of the existing literature is conceptual,
policy-oriented, or based on perceptions and self-reports [6,7,9]. While valuable, such
approaches struggle to disentangle the effects of Al access from other factors such as
curriculum changes, teaching practices, grading standards, or cohort composition.

The present study addresses this gap by exploiting a naturally occurring change in
examination format within a compulsory undergraduate course delivered over multiple
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years. From 2021 to 2024, the course was assessed using a take-home, open-resource exami-
nation format with access to digital tools, including GenAl. In 2025, the examination was
transitioned to an in-person closed-book format conducted under supervised conditions.
Crucially, this change occurred while course content, intended learning outcomes, grading
criteria, examiner continuity, and the structural design of the examination tasks remained
stable across cohorts. While we acknowledge the presence of potentially confounding
variables such as exam anxiety or cohort differences, the natural experiment allows an
examination of how restricting GenAl access during assessment coincides with changes in
grade distributions and failure rates under similar conditions to prior years.

Accordingly, the study addresses the following research question: How does the
transition from an Al-accessible assessment format to an Al-restricted in-person assessment
format coincide with changes in grade distributions and failure rates in a higher-education
course during a period of rapid generative Al adoption? By anchoring concerns about
assessment validity, measurement equivalence, and credential signaling in concrete empiri-
cal data, the article aims to move the Al-and-assessment debate beyond speculation and
toward evidence that can inform institutional decision-making.

2. Theory

Building on the concerns outlined in the Introduction, this section develops a theoreti-
cal framework for understanding how GenAl reshapes assessment validity, performance
distributions, and the signaling function of grades.

2.1. Assessment as a Measurement System

In higher education, assessment functions as a socio-technical measurement system
that produces observable indicators such as scores, grades, and classifications, which
are used to judge student learning, competence, and progression [3,4]. In contemporary
measurement theory, validity is not understood as a fixed property of an assessment tool.
Instead, it refers to the extent to which assessment results justify the claims made about
students’ learning and the decisions that follow from those results. This requires evidence
across content, response processes, internal structure, relations to other variables, and
consequences [1,2,4]. From this perspective, assessment outcomes are stabilized by an
interconnected set of practices: task design, marking and moderation, institutional quality
assurance, and regulatory standards [4,12].

The rapid adoption of GenAl represents a structural change in this system rather than
a marginal pedagogical innovation. Al-enabled platforms are increasingly embedded in
assessment infrastructure through automation, scalable feedback, evaluation, and moni-
toring [12,13]. At the same time, institutional and regulatory frameworks continue to rely
on criteria calibrated for pre-Al conditions, including assumptions about authorship, inde-
pendence of work, traceability of evidence, and stable interpretation of performance [3,12].
Kaldaras et al. caution that when Al systems mediate or generate assessment evidence,
established validity arguments may not hold unless explicit evidence demonstrates that
the same constructs are being measured under equivalent conditions [4].

From a measurement standpoint, a central risk is that GenAl introduces systematic
sources of variance that are not modeled within existing assessment designs or moderation
practices, weakening inferences drawn from assessment results [1,2,4]. Marker uncertainty
is a key mechanism. Experimental evidence suggests that markers are generally unable
to reliably distinguish between student-authored, Al-modified, and Al-generated submis-
sions [14]. Detection uncertainty can undermine the evidentiary basis of grading decisions
and alter marker behavior, increasing second-guessing of authorship and widening inter-
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marker variability [14]. These effects introduce additional measurement error and weaken
the interpretability of outcomes [4,14].

These risks extend beyond isolated cases of misconduct. Survey evidence indicates
broad concern among educators that GenAl challenges the sustainability of conventional
written and coding assessments, and that output-based artifacts alone may no longer
be reliable indicators of intended constructs [15]. Taken together, the literature suggests
that GenAl destabilizes assessment not primarily by increasing integrity breaches, but by
altering the relationship between learning activity, observable performance, and evaluative
judgment within the measurement system [3,4,12].

2.2. Al as a Low-Cost Cognitive Substitute and Performance Mediator

Building on this measurement perspective, GenAl can also be understood as reshaping
the cognitive production layer that links student learning activity to observable assessment
artifacts. Rather than functioning only as a productivity aid, GenAl increasingly operates as
a low-cost cognitive substitute: it can perform substantial portions of ideation, structuring,
language generation, problem decomposition, and synthesis that learners previously exe-
cuted internally. Empirical evidence suggests that GenAl influences multiple dimensions of
cognition, including critical thinking, creative thinking, reflective thinking, computational
reasoning, and problem solving, with both positive and negative effects depending on task
design and patterns of use [16].

From a cognitive systems perspective, this substitution dynamic is consistent with
cognitive offloading, where individuals delegate memory, computation, or reasoning to ex-
ternal artifacts to reduce internal load. Offloading can enhance short-term performance and
efficiency, but overuse can reduce deeper encoding, retention, and independent problem-
solving capacity [17-19]. Experimental work also shows that individuals adjust offloading
strategically in response to performance goals and task demands, but persistent reliance
can reshape how cognitive resources are allocated over time [20].

Recent educational evidence suggests that GenAl amplifies the scale and accessibility
of cognitive offloading. Students use Al to externalize planning, drafting, revision, and
analytical processing, often enabling faster task completion and higher immediate output
quality [21]. Structural equation modeling shows that GenAl use predicts cognitive of-
floading and shared metacognitive regulation, which may mediate short-term academic
performance gains [21]. These findings indicate that Al systems become embedded as
active cognitive partners in learners’ task execution processes.

At the same time, cognitive substitution introduces risks for construct validity, under-
stood here as the extent to which assessment outcomes reflect the underlying competence
they are intended to capture. When a significant proportion of processing is delegated
to Al systems, the resulting artifact reflects a hybrid of human and machine cognition
rather than the learner’s internal competence alone. Empirical work links frequent Al
use to increased perceived efficiency and confidence alongside strengthened technological
dependency, suggesting that competence and tool support can become entangled [22].
Related evidence on technology dependence and learning highlights the risk that reliance
on external supports may weaken autonomous reasoning and critical thinking self-efficacy
over time [23,24]. Systematic reviews reinforce this dual effect: structured use can support
cognitive skills, while habitual reliance is associated with weaker independent engagement
and metacognitive monitoring [16].

GenAl also affects the social and regulatory dimensions of learning. Al-supported
environments can reshape shared metacognition, collaborative regulation, and strategy
selection in group learning contexts, influencing how learners jointly plan, monitor, and
evaluate cognitive work [21,25,26]. While these mechanisms can support learning under
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intentional design, they add further layers of mediation between individual cognition and
assessment evidence, complicating attribution of individual competence.

2.3. Asymmetric Benefit Distribution, Variance Compression, and Grade Instability

If GenAl operates as a low-cost cognitive substitute that mediates performance pro-
duction, its effects on assessment outcomes are unlikely to be evenly distributed across
students or tasks. Instead, substitution interacts with baseline competence, self-regulation
capacity, and task structure, producing asymmetric gains that reshape grade distributions
rather than uniformly improving learning outcomes. Empirical studies show that the
impact of GenAl on performance varies across usage patterns and learner profiles, with
some engagement associated with improved short-term performance and other patterns
associated with stagnation or decline [27-29].

One consistent pattern is that GenAl lowers the cognitive cost required to reach
acceptable performance on structured tasks such as summarization, drafting, coding scaf-
folds, or procedural reasoning. Comparative studies suggest that Al-supported condi-
tions can raise immediate performance and perceived efficiency [27,29,30]. These effects
may disproportionately benefit students who previously struggled with organization, lan-
guage production, or procedural fluency, narrowing observable gaps at the lower end of
grade distributions.

However, convergence in observed performance does not necessarily imply conver-
gence in underlying competence. Diaz et al. show that behaviorist patterns of Al use,
where Al is treated primarily as a task-completion tool, are associated with weaker learning
outcomes [27]. Similarly, Vanacore et al. find that generative feedback can improve perfor-
mance for certain error types while simultaneously undermining self-regulated learning in
more complex contexts [28]. Taken together, these findings suggest that performance gains
enabled by Al substitution may mask deterioration in metacognitive regulation, strategic
reasoning, and independent problem solving.

At the distributional level, these dynamics can lead to variance compression in ob-
served performance. When Al-supported work reduces differences in structure, language,
or problem framing, student submissions may become more similar in form and apparent
quality. Under such conditions, small variations in marker judgment or task interpretation
can have a disproportionate influence on grade outcomes. Reduced discriminability among
performances thus weakens the stability of grade distributions and increases sensitivity to
contextual and procedural noise.

These effects also connect to credential signaling. Grades are institutional signals used
to communicate competence to employers and downstream institutions, and their credibil-
ity depends on differentiating underlying capability in ways that cannot be easily replicated
through external mediation [31]. Al-focused evidence suggests grade compression and
altered performance distributions may already be emerging in real settings [11], but natu-
ralistic studies tracing changes in outcomes as assessment conditions shift remain limited.

3. Method

This study adopts a natural experiment design based on administrative grade data
from a compulsory undergraduate course in Norway, collected over five academic years
(2021-2025). Natural experiments arise when an institutional change alters a key condition
of interest while other relevant features remain broadly stable, allowing for plausible causal
inference without random assignment [32,33]. In the present case, the key change is the
examination format, while course content, intended learning outcomes, grading standards,
and the structural design of the examination tasks remained substantively unchanged.
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The assessment data derive from BED2302 Organizational Theory and Leadership, a
compulsory 7.5-credit undergraduate course at UIT School of Business and Economics. The
course provides foundational knowledge in organization and leadership and emphasizes
analysis, theory application, and academic writing. Examinations require students to
identify and analyze organizational problems, apply theoretical concepts to cases, and
justify claims in a clear, reasoned academic argumentation.

From 2021 to 2024, the course was assessed using a take-home, open-resource written
exam with access to external materials, including digital resources and Al-based tools.
In 2025, the exam shifted to a supervised, in-person, closed-book format without ac-
cess to external aids or internet-enabled tools. This change was driven by institutional
assessment policy in response to the widespread availability of GenAl, rather than by
curricular revision.

While specific exam questions necessarily varied across years, they were designed to
remain comparable in structure, cognitive level, and alignment with learning outcomes.
Across all cohorts, the examinations assessed the same core competencies, including the
identification and analysis of organizational problems, the application of theoretical con-
cepts to case material, and the construction of reasoned academic arguments. See Table 1

for sample exam questions and grading criteria.

Table 1. Sample questions and main grading criteria from 2024 to 2025 exam.

Sample Questions and
Main Grading Criteria

2024 Exam (Take-Home Format)

2025 Exam (In-Person Exam Format)

Sample question

Discuss strategy and efficiency in [case
company] in light of the challenges the
company faces in its environment. Use
theories and models from the course
literature to justify your answer.

Explain the concept of learning and discuss
what can be done to strengthen learning in

[case company], in light of relevant theories
and models from the syllabus.

Sample question

[Case company] faces challenges related to
the practice of leadership. Identify some of
these challenges and discuss how leadership
practice can be developed to address them.
Use theories and models from the course
literature to justify your answer.

Explain the concept of leadership and
discuss how leadership can be exercised to
ensure continued strong performance in
[case company], in light of relevant theories
and models from the syllabus.

Sample question

Discuss how [case company] takes care of
its employees in terms of motivation and
performance, and what can be done to
promote motivation and retain employees.
Use theories and models from the course
literature to justify your answer.

Discuss factors that may promote and
hinder employee motivation in [case
company], in light of relevant theories and
models from the syllabus.

Main grading criteria

For all questions, the case must be actively

incorporated and discussed in the response.

To pass, students are required to apply
theories and models from the syllabus when
discussing and analyzing various situations
in the organization. It should be clearly
evident that they are “consulting” the
course literature. Responses in which the
presentation of relevant theories and
models from the syllabus is entirely absent
will be considered a fail.

For all questions, the case must be actively
incorporated and discussed in the response.
To pass, students are required to apply
theories and models from the syllabus when
discussing and analyzing various situations
in the organization. It should be clearly
evident that they are “consulting” the
course literature. Responses in which the
presentation of relevant theories and
models from the syllabus is entirely absent
will be considered a fail.
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The course was delivered across multiple campuses under a shared syllabus and
centrally coordinated materials. The main examiner and lead grader remained constant
across the study period, and the same grading scale and general grading standards were
applied across cohorts. The examiner team also explicitly discussed the potential risk of
subconsciously penalizing the 2025 cohort for not producing the level of polished prose
typically associated with take-home exams, and took this into account during the grading
process to ensure fair and consistent evaluations.

The dataset comprises final grades on an A-F scale. Cohort sizes ranged from 179 to
263 students.

3.1. Analytical Strategy

To distinguish ordinary year-to-year variation from a potential structural shift asso-
ciated with the assessment format change, grade distributions from the four take-home
examination years (2021-2024) were aggregated to form a historical baseline distribution.
The years 2021-2024 were combined because they shared the same examination format and
showed broadly similar grade distributions, providing a stable reference for the pre-change
assessment regime. Aggregation was performed by summing the number of students re-
ceiving each grade (A-F) across these cohorts, yielding a reference distribution representing
typical outcomes under the open-resource examination regime.

This baseline distribution was then compared with the grade distribution observed in
2025 following the introduction of the in-person, closed-book examination. The compari-
son focuses on distributional changes rather than individual-level trajectories, consistent
with quasi-experimental approaches that infer effects from discontinuities coinciding with
institutional changes while holding other conditions constant [32,33].

3.2. Statistical Analysis

Differences in grade distributions between the aggregated baseline period (2021-2024)
and 2025 were examined using chi-square tests of independence, with individual student
grades as the unit of analysis. This test evaluates whether grade outcomes are statistically
independent of examination period or whether observed frequencies deviate systematically
from expected frequencies derived from the marginal totals. The assumptions for the chi-
square analyses were met: observations were independent, grade categories were mutually
exclusive, and expected cell frequencies were sufficient in all reported comparisons. To
complement significance testing, effect sizes were estimated using Cramér’s V, providing
a standardized measure of the strength of association between examination period and
grade distribution.

Although the natural experiment design strengthens internal validity relative to purely
cross-sectional comparisons, the study remains observational in nature. In line with es-
tablished principles of causal inference, findings are therefore interpreted as evidence of
association and plausibility rather than definitive causal attribution [34]. For chi-square
tests, degrees of freedom were determined by the number of grade categories minus one
(df = 5), and statistical significance was evaluated using a conventional threshold of p < 0.05,
with exact p-values reported.

3.3. Ethics and Use of Al

The study was reviewed by a representative for the Research Ethics Committee at
UIT School of Business and Economics, which confirmed that formal approval was not
required because the study used retrospective anonymized data from ordinary course
activities. Data handling was reviewed through [redacted] and deemed not to require
a data management plan. Participants’ identities were anonymized. The authors used
ChatGPT (OpenAl) for language refinement and readability improvements. All decisions
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regarding content selection, analysis, interpretation, and conclusions were made by the
authors, who retain full responsibility for the article.

4. Results
4.1. Descriptive Grade Distributions

Table 2 presents grade distributions for the course from 2021 to 2025. Grade distribu-
tions were relatively stable from 2021 to 2024, with failure rates ranging from approximately
3% to 6% across these years. During this period, the relative proportions of grades A
through E exhibited only minor fluctuations.

Table 2. Observed grades 2021-2025.

Grade 2021 (N = 263) 2022 (N = 230) 2023 (N = 211) 2024 (N = 187) 2025 (N = 179)
A 18 (6.8%) 16 (7.0%) 19 (9.0%) 13 (7.0%) 13 (7.3%)

B 56 (21.3%) 53 (23.0%) 53 (25.1%) 46 (24.6%) 30 (16.8%)

C 85 (32.3%) 68 (29.6%) 59 (28.0%) 58 (31.0%) 34 (19.0%)

D 59 (22.4%) 50 (21.7%) 45 (21.3%) 45 (24.1%) 40 (22.4%)

E 34 (12.9%) 32 (13.9%) 23 (10.9%) 20 (10.7%) 29 (16.2%)

F 8 (3.0%) 11 (4.8%) 12 (5.7%) 4 (2.1%) 33 (18.4%)
Total 263 (100%) 230 (100%) 211 (100%) 187 (100%) 179 (100%)

In contrast, the 2025 distribution differs markedly from the preceding years. The
failure rate increased sharply to 18.4%, accompanied by a reduction in mid-range grades
(B and C) and a modest increase in grade E. The proportion of top grades (A) remained
largely unchanged.

4.2. Baseline Versus 2025 Comparison

To test whether the 2025 grade distribution differed systematically from the aggregated
2021-2024 baseline, a chi-square test of independence was conducted. The test indicated
a statistically significant association between examination period and grade distribution,
x%(5, N = 1066) = 60.62, p < 0.001, with a Cramér’s V of 0.24. According to conventional
benchmarks, this corresponds to a small-to-moderate association [35].

Figure 1 contrasts the observed 2025 grade frequencies with the frequencies expected
if the 2025 cohort had followed the same grade distribution as the baseline period. The
expected values therefore serve as a reference point for assessing whether the 2025 grade
distribution differs from the baseline pattern. The chi-square statistic is based on the extent
to which the observed and expected frequencies diverge across grade categories. The
largest deviations were observed for failing grades (F), which occurred substantially more
frequently than expected, while mid-range grades (B and C) occurred less frequently than
expected. Grades A and D showed only minor deviations from expected values.

4.3. Category-Specific Contributions to the Chi-Square Statistic

Table 3 decomposes the overall chi-square statistic into category-specific contributions
for the baseline period and 2025. The majority of the chi-square statistic is attributable
to failing grades (F), particularly in 2025, indicating that the increase in failures accounts
for most of the statistically significant association between examination period and grade
distribution. Contributions from other grade categories are comparatively small, suggesting
that changes outside the failure category played a more limited role in producing the
observed distributional difference.
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Figure 1. Expected 2025 versus Actual grades 2025.

Table 3. Category-specific contributions to the chi-square test comparing baseline (2021-2024) and
2025 grade distributions.

Grade Baseline (n) 2025 (n) Expected 2025 x? Baseline X2 2025
A 66 13 13.3 0.001 0.005

B 208 30 40 0.5 2.48

C 270 34 51.1 1.15 5.69

D 199 40 40.1 0 0

E 109 29 23.2 0.3 147

F 35 33 114 8.23 40.79
Sum 2 10.18 50.44

To ensure that the baseline-versus-2025 result was not driven by any single cohort
included in the aggregated baseline, additional chi-square comparisons were conducted
between 2025 and each preceding year individually (2021, 2022, 2023, and 2024). As shown
in Table 4, the same overall pattern persists across all year-specific comparisons. This
supports the interpretation from the baseline table and confirms that 2025 appears as the
clear outlier relative to the earlier cohorts.

Cramér’s V values ranged from 0.24 to 0.31, indicating small-to-moderate to moderate
associations [35]. Because Cramér’s V summarizes the association across the full grade
distribution, this global effect size should be interpreted alongside the cell-wise chi-square
contributions. In the present data, the overall difference is driven predominantly by the
failure category (F), which accounts for approximately 81% of the total chi-square statistic,
while a smaller contribution is also observed for grade C. Deviations in the remaining
grade categories are comparatively modest.
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Table 4. Chi-square comparisons of grade distributions between 2025 and earlier cohorts.
Comparison Chi-Square df Cramér’s V p
Baseline 2021-2024 vs. 2025 60.618 5 0.238 <0.001
2021 vs. 2025 36.095 5 0.287 <0.001
2022 vs. 2025 24.294 5 0.244 <0.001
2023 vs. 2025 22.531 5 0.24 <0.001
2024 vs. 2025 34.185 5 0.306 <0.001

5. Discussion
5.1. Credibility and the University’s Certification Function

The findings reveal a structural shift in grade distributions that coincides with both
rapid student uptake of generative Al and a subsequent restriction of tool access through a
change in examination format. Nationally representative survey data indicate that student
use of Al-based tools increased sharply between 2023 and 2024, rising from approximately
60% to around 80% during this period [36]. Since publicly accessible large language
models were not widely available prior to late 2022, cohorts in 2021-2022 can reasonably
be assumed to have completed assessments with limited exposure to contemporary GenAl,
with 2023 marking a transitional phase and 2024 a period of widespread use.

Against this timeline, the failure-rate trajectory is substantively meaningful. Failure rates
increased modestly between 2021 and 2023, declined in 2024 under the take-home, open-
resource format, and then rose sharply in 2025 under a supervised, Al-restricted in-person
exam. This sequence is difficult to plausibly attribute to random cohort variation alone.
Viewed through the lens of assessment as a socio-technical measurement system [1,2,4], a
plausible interpretation is that widespread Al access in 2024 altered the conditions under
which assessment evidence was produced, suppressing failure rates by enabling some
students to meet criteria through tool-augmented work rather than unaided mastery.

This matters because grades are institutional signals used to certify minimum compe-
tence for progression and professional readiness. From a signaling perspective, credibility
depends on differentiation of underlying competence in ways that cannot be easily repli-
cated through external mediation. In this course, the results imply that some passing grades
under Al-permissive conditions were not robust to Al-restricted conditions. Put plainly,
a subset of students who passed under the take-home regime, especially in 2024, may
not have passed under Al-restricted conditions. This constitutes a certification credibility
problem independent of whether any formal rules were violated.

The distributional structure strengthens this interpretation. The observed changes are
not characterized by a uniform downward shift across the grade spectrum. Rather, the
largest deviations are concentrated near the threshold: failing grades rise sharply when tool
access is restricted, mid-range grades (B and C) decline, and top grades remain stable. This
pattern is consistent with the asymmetric benefit and variance-compression mechanisms
developed in the theory section [3,4]. In practical terms, GenAl appears to enable marginal
students to cross pass thresholds under open conditions, while high-performing students
are less affected because their baseline competence already exceeds task requirements.

From a measurement perspective, these patterns point to challenges in maintaining
stable and comparable interpretations of assessment results across different assessment
contexts. Classical validity theory emphasizes that assessment scores are meaningful
only to the extent that they reflect the intended learning outcomes rather than external
influences [1,2]. When GenAlI contributes to idea generation, reasoning, or linguistic
formulation, observed performance can increasingly reflect students” ability to orchestrate
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external cognitive resources rather than their independent mastery, introducing construct
contamination and weakening comparability across cohorts and formats [3,4]. Finally, the
present results align with evidence that GenAl can disproportionately raise outcomes for
lower-performing learners and contribute to grade compression, weakening the signal
value of grades [11].

5.2. Al Dependency and the Fragility of Unaided Competence

The sharp reversion in 2025 under supervised, Al-restricted conditions further refines
the interpretation and raises an additional concern: Al dependency. The magnitude of
the increase in failing grades suggests that a substantial subset of students, particularly
those near the pass threshold, had become reliant on external tool support to produce work
meeting grading criteria under open-resource conditions. When external cognitive support
was removed, differences in unaided competence became visible in the distributional
outcomes, producing substantially higher failure rates and a redistribution of mid-range
grades. The stability of top grades across formats is consistent with dependency effects
being concentrated in the lower tail of the achievement distribution.

This interpretation should not be framed as a purely individual-level deficit or moral
shortcoming. Dependency can be understood as a rational adaptation to the incentive
structure of Al-permissive assessment environments. When assessments reward product
quality while making authorship and reasoning processes difficult to verify, students have
strong incentives to adopt strategies that maximize successful completion, including tool-
mediated production. Over repeated cycles, such strategies can reduce the pressure to
consolidate foundational knowledge and encourage cognitive offloading. In this sense,
dependency is not just a matter of individual behavior; it reflects a structural feature of
assessment contexts where powerful cognitive support is widely available but not explicitly
accounted for in grading criteria.

From an educational perspective, the dependency hypothesis is important because
it suggests a gap between assessment results and lasting learning. When students can
repeatedly meet assessment criteria with the help of Al tools, they may advance without
developing the independent competence that passing grades are meant to signal. The
failure spike observed in 2025 may be interpreted as an empirical manifestation of this gap
rather than a simple format effect; it aligns with broader validity concerns that Al-supported
performance gains do not necessarily indicate stable learning [1,2,8].

At the same time, the study warrants interpretive caution. The dataset does not include
direct measures of individual Al use or the specific ways students integrated tools into
their work. Nor does it allow the isolated effect of GenAl restriction to be separated from
other changes introduced by the 2025 examination format. The shift from a take-home,
open-resource assessment to a supervised, closed-book in-person exam also introduced
other conditions that may independently have contributed to lower performance, including
stricter time constraints, challenges related to time management, reduced opportunity to
look up basic facts or concepts, and higher levels of exam anxiety in a proctored setting.
These factors may be especially consequential for students near the pass threshold and
could therefore account for part of the observed increase in failure rates. Nonetheless,
the combination of prior distributional stability, temporal alignment with national uptake
trends, and the immediate reversal under Al-restricted conditions still provides meaningful
inferential leverage in a quasi-experimental setting [33,34].

5.3. Authenticity, Relevance, and the Limits of Al Restriction

Although the shift to an in-person, Al-restricted examination appears to strengthen
fairness and credibility in this course, restricting Al access is not necessarily a universally
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desirable solution. A key challenge for higher education is maintaining credible certification
while also ensuring that assessments remain authentic and future-relevant. In many
disciplines, graduates will be expected to use Al tools in professional practice. If assessment
regimes systematically prohibit tools that students will be expected to use responsibly after
graduation, assessments may become less authentic indicators of real-world capability [6,8].

This tension suggests that the central issue is not simply whether Al should be “al-
lowed” or “banned,” but whether the assessment system makes explicit, defensible judge-
ments about the competence it intends to certify. If the intended construct is unaided
mastery, particularly for threshold competence, then restricting access during examinations
may be justified as a way of stabilizing score meaning. Conversely, if effective Al-supported
performance is considered a legitimate professional competence, then Al use should be
incorporated explicitly into learning outcomes and evaluation criteria. The credibility
problem arises most sharply when Al is permitted de facto but not acknowledged in con-
struct definitions, grading criteria, or credential claims, creating a mismatch between what
assessments appear to measure and what they certify.

From this perspective, supervised, Al-restricted examinations can be understood
as a pragmatic corrective that restores interpretability in the short term, especially for
threshold decisions. However, a long-term “post-Al” assessment regime likely requires
more nuanced designs that are both credible and authentic, for example, assessments
that combine evidence of independent competence with structured opportunities for Al
use, process documentation, oral components, or staged submissions. While the present
study does not adjudicate among design solutions, it provides empirical evidence that
treating Al-permissive take-home formats as equivalent to Al-restricted examinations is
increasingly difficult to defend [6,8].

6. Limitations and Future Research

Several limitations should be acknowledged. First, the analysis is based on a single
course at one institution, which strengthens control over potential confounding factors but
limits generalisability. Second, the design is observational; although the format change
creates a clear discontinuity, unobserved factors may also contribute. Third, the study
does not include direct measures of students” Al use during the take-home period, so Al-
related mechanisms are inferred from timing and distributional patterns rather than directly
observed. Fourth, in the final year, the exam removed access to all external resources, not
just Gen-Al, while also introducing the psychological pressure of an exam hall.

Future research should combine administrative outcomes with direct measures of Al
use and cognitive processes (e.g., surveys, usage traces, drafting histories, oral assessments,
or controlled replications) to test mechanisms more directly. Comparative studies across
disciplines and task types are needed to identify where Al-permissive formats are most
vulnerable to construct instability. Longitudinal studies could examine whether repeated
exposure to Al-permissive assessment changes the durability of learning and the stability
of performance under Al-restricted conditions, especially around pass—fail thresholds.

7. Conclusions

This study examined how grade distributions changed when an Al-permissive take-
home examination was replaced by an Al-restricted in-person examination within the same
undergraduate course, holding learning outcomes, course content, the structural design
of the examination tasks and grading criteria constant. The results reveal a pronounced
and systematic shift following the format change: failure rates increased sharply and mid-
range grades were redistributed, while top grades remained stable. The stability of grade
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distributions across four years prior to the change suggests a structural break rather than
ordinary cohort variation.

The findings imply that take-home and in-person examinations, even when aligned to
identical learning objectives, may no longer function as equivalent indicators of student
competence under widespread GenAl access. In Al-permissive contexts, outcomes may
reflect a hybrid construct combining individual understanding with effective tool use,
whereas Al-restricted settings more directly capture independent mastery. As a result,
grades awarded under different assessment conditions may carry different meanings,
complicating comparisons across cohorts and challenging the credibility of certification
when decisions depend on threshold performance.

The study does not suggest that take-home examinations are inherently flawed or
should be abandoned. Rather, it indicates that assessment designs must be explicit about
the role of Al in what is being measured and certified. As GenAl tools continue to diffuse,
evidence on distributional effects of assessment condition changes will be essential for
keeping grades valid, interpretable, and aligned with the intended purposes of higher
education assessment.
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