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Objective. To synthesise meta-analytic evidence on the benefits and risks of computerised adaptive testing (CAT).

Main findings

• Small positive effects on motivation (d = 0.08) and positive emotions (d = 0.13).

• Higher anxiety overall (d = 0.08), particularly relative to self-adapted testing (d = 0.19).

• Slightly lower test scores (median d = −0.08; range −0.14 to 0.03).

studies, report language, countries and regions covered, participants cov-
ered, document type, sources searched, date range of search, research
objectives, and effect sizes. Disagreements were resolved through discussion
between the two authors. In terms of effect sizes, when Hedges’ g was
provided, it was treated as Cohen’s d as the number of participants was not
provided, with the assumption that they are equivalent based on a large
sample size51. The effect sizes were directly accessed from the reports. Forest
plots for visualising effect sizes were created using the Python package
‘matplotlib version 3.9.2’52.

The publication overlap was assessed based on the CCA index53, as
shown in Formula (1), whereN is the total number of included publications;
r is the number of unique publications; and c is the number ofmeta-analytic
reports. The CCA index was calculated using Microsoft Excel version
251154.

CCA ¼ N � r
r × cð Þ � r

ð1Þ

To assess the robustness of the findings in relation to methodological
quality, we conducted an exploratory sensitivity analysis excluding meta-
analytic reports with fewer than 50% “Yes” responses on the 11-item JBI
checklist.

When analysing the effects on anxiety, we conducted a re-meta-
analysis to synthesise the effect sizes reported in the original studies included
in the reports. The random-effects model was employed to combine the
effect sizes through the restricted maximum likelihood method during the
re-meta-analysis, using R version 4.4.155 and the R package ‘metafor version
4.8.0’56. Subgroup analyses were conducted according to control-group type
and age group.TheEgger’s test57was employed to assess the publication bias
using the same package.

Data availability
The data that support thefindings of this study are available at https://osf.io/
bmu85/.Additional data are available from the corresponding author (Q.Z.)
upon reasonable request.

Code availability
The code that supports the findings of this study is available at https://osf.io/
bmu85/.
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Fig. 4 | Forest plot for the association between
CAT and various outcomes. Cohen’s d and 95%
confidence interval (CI) are extracted, and k refers to
the number of effect sizes used to calculate d.

Fig. 5 | Forest plot for the association between CAT and anxiety. Cohen’s d and 95% confidence interval (CI) are extracted, grouped by three types of control groups.
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Figure 1. Associations between CAT and test-taker outcomes. Cohen’s d and 95% confidence intervals; k denotes the number of effect sizes.

Methods and evidence

Four databases searched through 9 November 2025: PubMed,
ProQuest PsycINFO, Scopus and Web of Science.
Independent dual screening and JBI quality appraisal. Publication
overlap assessed using corrected covered area.
6 reports; 10 meta-analyses. JBI scores: 5–10/11 (median 7).

positive emotions of test-takers, but it is also risky in terms of their anxiety
and the equivalence of test scores. We suggest that our discussion of these
results should be addressed in the development and application ofCAT, and
we call for more high-quality meta-analytic research on CAT.

Results
Search outcome
As shown in the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flowchart (Fig. 1), 4693 records were identified
from the initial search, of which 2625 remained after removing duplicates.
For the screening of the title and abstracts, 2575 reports were excluded. For
the screening of the full texts, 21 reports were excluded because they did not
contain meta-analyses, 22 reports were excluded because they were not
about CAT, and one report16 was excluded because it did not report the
specific effect size but only described that the influence of CAT was negli-
gible. Finally, six reports17–22, including 10 meta-analyses, were included in
this study. The characteristics of the included reports are presented in
Table 1 and illustrated inFig. 2.Thepublicationyears of the included reports
range from 2001 to 2024, and those of the included original studies within
the reports range from 1976 to 2023, covering the history of CAT from its
origin to its latest development. Among the six reports, the sample sizes of
three reports (2830–32,735, median = 16,842) are available or can be cal-
culated based on the information of the included original studies. The
number of original studies within the included reports ranges from 11 to 49
(median = 21). The original studies in the reports were conducted in North
America, Europe, and theAsia-Pacific regions, encompassing both students
and adults. Five of the reports are in English, and one is in Korean.

Quality appraisal
Based on the Joanna Briggs Institute (JBI) Critical Appraisal of Systematic
Reviews and Research Synthesis tool, the appraisal scores are shown in
Table 2 and Fig. 3, ranging from 5 to 10 (median = 7). No reports are
excluded based on the quality appraisal results. In terms of the weaknesses,
four of the six studies lacked appropriate appraisal criteria, and only one
study conducted aquality appraisal by twoormore reviewers. Fourof the six
studies didnot implementmethods tominimise data errors, and only half of
the studies assessed publication bias.

Publication overlap
Based on the corrected covered area (CCA) index, the publication overlap of
the included studies was assessed, as shown in Table 3. Two of the included
reports17,21 analysed the anxiety outcome, and no publication overlap was
found (CCA = 0.000). Two of the included reports17,18 analysed the moti-
vation outcome, and 10 of the 11 studies within the first report were also
included in the second report, resulting in a significant publication overlap
(CCA= 0.357). Four of the included reports19–22 analysed the test score
outcome, and a slight publication overlap was found (CCA= 0.004).

Overall results
In total, 10 meta-analyses from the six included reports were extracted. As
shown in Fig. 4, there are two effect sizes for anxiety, two effect sizes for
motivation, two effect sizes for emotion, and four effect sizes for test scores.

Benefits of CAT
Based on the included reports, the implementation of CAT is beneficial to
test-takers’motivation and emotion.

As a significant overlap in publication was found between the two
reports on motivational outcomes, we made further comparisons of the
included effect sizes. The four effect sizes used in the first report are all
included in the second report. Therefore, the combined effect size in the
second report serves as the final integrated effect size (d = 0.08, 95% CI =
−0.06 to 0.21), indicating that CAT has a positive effect on test-takers’
motivation.

The two effect sizes for emotional outcomes are reported in the same
report. The implementation of CAT has a positive effect on positive emo-
tions (d = 0.13, 95% CI =−0.03 to 0.29). The effect on negative emotions is
negligible (d =−0.01, 95% CI =−0.13 to 0.11). It suggests that CAT boosts
test-takers’ positive emotions.

Risks of CAT
Based on the included reports, CATs have a higher risk of test anxiety,
especially when compared with self-adapted tests. Additionally, CATs also
carry the risk of lower test scores.

The two included meta-analytic reports presented opposite conclu-
sions about the effects of CAT on anxiety. Therefore, we conducted a re-
meta-analysis on the 26original studies included in the two reports. 18 effect
sizes of CAT on anxiety from 14 studies11,12,23–34 were extracted, as shown in
Fig. 5. The combined effect size showed that CAT has an overall higher risk
of anxiety (d = 0.08, 95% CI =−0.03 to 0.19). Egger’s test showed no evi-
dence of publication bias (t = 0.82, p = 0.43).

Through further analysis, the included studies of the two reports
exhibited heterogeneity, especially in terms of the control groups. Among
these, five used the paper-and-pencil test as the control group, six used the
computerised fixed-item test as the control group, and seven used the self-
adapted test as the control group.

Compared with the paper-and-pencil test, the overall risk of CAT on
anxiety is negligible (d = 0.02, 95%CI =−0.22 to 0.26). However, the results
showed significant heterogeneity (Q = 23.40***, p < 0.001, I2 = 85.16%).
Among the five included studies, two published before 2000 suggest that
anxiety in the paper-and-pencil test is lower, while two published after
2000 suggest that anxiety in the CAT is lower. This may indicate that as
computers becomemore widespread, the relative level of anxiety associated
with CAT is constantly decreasing.

Compared with the computerised fixed-item test, the overall risk of
CAT on anxiety is also negligible (d = 0.03, 95% CI =−0.21 to 0.27) with
significant heterogeneity (Q = 20.93***, p < 0.001, I2 = 74.11%). Of note, the
participants are all undergraduate students of psychology in the studies
advocated that CAT has a lower risk of anxiety. Psychology students are
more familiar with the principle of adaptive testing, which may lead to an
underestimation of CAT anxiety.

Compared with the self-adapted test, the risk of CAT on anxiety is
higher (d = 0.19, 95% CI = 0.08 to 0.30) with no evidence of heterogeneity
(Q = 3.384, p = 0.759, I2 = 0.00%). Compared to tests where the test-takers

Fig. 1 | ThePRISMAflowchart.The PRISMA flowchart illustrates the identification
and screening procedures for the records, including the numbers of included and
excluded studies at each stage.

https://doi.org/10.1038/s41539-026-00460-4 Article

npj Science of Learning Article in Press

Figure 2. PRISMA flowchart of study identification and selection.

Anxiety: re-analysis of primary studies

studies, report language, countries and regions covered, participants cov-
ered, document type, sources searched, date range of search, research
objectives, and effect sizes. Disagreements were resolved through discussion
between the two authors. In terms of effect sizes, when Hedges’ g was
provided, it was treated as Cohen’s d as the number of participants was not
provided, with the assumption that they are equivalent based on a large
sample size51. The effect sizes were directly accessed from the reports. Forest
plots for visualising effect sizes were created using the Python package
‘matplotlib version 3.9.2’52.

The publication overlap was assessed based on the CCA index53, as
shown in Formula (1), whereN is the total number of included publications;
r is the number of unique publications; and c is the number ofmeta-analytic
reports. The CCA index was calculated using Microsoft Excel version
251154.

CCA ¼ N � r
r × cð Þ � r

ð1Þ

To assess the robustness of the findings in relation to methodological
quality, we conducted an exploratory sensitivity analysis excluding meta-
analytic reports with fewer than 50% “Yes” responses on the 11-item JBI
checklist.

When analysing the effects on anxiety, we conducted a re-meta-
analysis to synthesise the effect sizes reported in the original studies included
in the reports. The random-effects model was employed to combine the
effect sizes through the restricted maximum likelihood method during the
re-meta-analysis, using R version 4.4.155 and the R package ‘metafor version
4.8.0’56. Subgroup analyses were conducted according to control-group type
and age group.TheEgger’s test57was employed to assess the publication bias
using the same package.

Data availability
The data that support thefindings of this study are available at https://osf.io/
bmu85/.Additional data are available from the corresponding author (Q.Z.)
upon reasonable request.

Code availability
The code that supports the findings of this study is available at https://osf.io/
bmu85/.
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Fig. 4 | Forest plot for the association between
CAT and various outcomes. Cohen’s d and 95%
confidence interval (CI) are extracted, and k refers to
the number of effect sizes used to calculate d.

Fig. 5 | Forest plot for the association between CAT and anxiety. Cohen’s d and 95% confidence interval (CI) are extracted, grouped by three types of control groups.
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Figure 3. Anxiety effects from 14 studies (18 effect sizes), grouped by comparator. Positive values indicate higher anxiety with
CAT.

Overall anxiety: d = 0.08 (95% CI −0.03 to 0.19). Compared with self-adapted testing, anxiety was
higher: d = 0.19 (95% CI 0.08 to 0.30; I2 = 0%).

Implications

• Examinee control: Test whether limited choice of item difficulty reduces anxiety while preserving measurement precision.

• Score interpretation: Use format-independent criteria to determine whether lower CAT scores reflect greater accuracy or systematic error.

• Evidence synthesis: Separate adaptivity from computer delivery, and evaluate outcomes such as cognitive load and engagement.
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