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Abstract: Formative assessment in K-12 education has been a notable teaching and learning focus
area in schools over the last 20 years, as evidenced by numerous recent systematic reviews and
meta-analyses investigating and summarizing the evidence for formative assessments’ effectiveness
and sustainability. This umbrella review systematically reviews meta-analyses investigating the
effects of formative assessment on learning, summarizes the current findings, and assesses the quality
and risk of bias in the published meta-analyses. Meta-analyses were identified using systematic
literature searches in the following databases: Scopus, ERIC, Academic Research Complete, ProQuest,
APA PsycArticles, SPORTDiscus, Web of Science, and Humanities International Complete. Thirteen
meta-analyses, each of which examined the effects of formative assessment on learning in K-12
students, were included in this umbrella review. The review considered evidence for the potential
effectiveness of using formative assessment in class with primary and secondary school students.
Formative assessment was found to produce trivial to large positive effects on student learning, with
no negative effects identified. The magnitude of effects varied according to the type of formative
assessment. The 13 included meta-analysis studies showed moderate (n = 10), high (n = 1), and low
(n = 2) methodological quality (AMSTAR-2), although the robustness of the evidence (i.e., GRADE
analysis) was very low (n = 9), low (n = 3), and moderate (n = 1). These findings offer valuable insights
for designing and implementing different types of formative assessment aimed at optimizing student
learning and ensuring the sustainability of assessment practices. However, the low-to-very-low
certainty of the available evidence precludes robust recommendations regarding optimal formative
assessment strategies for learning in K-12 students.

Keywords: formative assessment; sustainable assessment; K-12; students; learning; meta-analysis;
achievement; umbrella review; program sustainability
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1. Introduction

Formative assessment is a continuous evaluation process focused on monitoring and
adjusting teaching to maximize the potential for student learning [1,2]. Its implementation
involves transcending traditional approaches that view assessment as an isolated event,
detached from the teaching and learning process, primarily focused on control and ver-
ification [3]. Instead, formative assessment advances towards an approach that fosters
and enables learning by continuously gathering information throughout the process, thus
identifying areas for improvement for both students and teachers [4,5].

Indeed, formative assessment is an effective teaching strategy for creating a socio-
ecological sustainable environment for learning that maximizes the implementation of
strategies and processes of interventions whilst shaping student learning experiences in the
classroom [6–8]. It involves a flexible and interactive assessment process that encourages
the active involvement of educators and learners in systematically gathering, analyzing,
and utilizing evidence to assess pedagogical effectiveness and students’ learning progress.
This process aims to facilitate ongoing student learning in the short term or midstream
during an activity and fosters their self-regulated learning [9]. For example, teachers
may use informal processes such as questioning during a set activity to probe students’
level of understanding, identify learning gaps, and then decide to alter the sequencing
of the teaching and learning activities to meet students’ needs. Alternatively, formative
assessment can be used to provide short-term insight into students’ learning progress
in relation to curriculum-based learning objectives [10], allowing timely modification of
instruction and interventions as needed for subsequent teaching and learning activities
within the current lesson or in the subsequent lesson [11]. Formative assessment can also
aid in formulating contextual explanations of the content or learning tasks, supporting
the success of classroom interventions, and improving student achievement of learning
objectives through tailored approaches (e.g., advanced readings for students who master
the material quickly) that can support specific student needs [12,13].

In the primary and secondary school education spheres, policymakers and teachers
are interested in high-quality, robust research evidence that guides the effective imple-
mentation of various formative assessment approaches that reflect and support student
learning [14–16]. Internationally, government education authorities view formative assess-
ment as an essential element of the teacher’s repertoire in monitoring and enhancing
student understanding and skill and capability competencies [16–19]. Promotion and
support for using formative assessment through school, government, and non-government
educational authority policies (e.g., relevant professional learning) can also encourage teach-
ers to implement formative assessment in classrooms [20]. To support this advocacy of
formative assessment in policy and practice, policymakers and teachers need high-quality,
robust research to be summarized, providing accessible, credible research findings, enabling
them to identify evidence-based effective practices and promote their implementation in
real-world settings.

Teacher education and training appear as fundamental factors in transforming assess-
ment practices and determining effective implementation of formative assessment [19,21].
This is in line with the claim by Li et al. [22] that teachers need substantial time and profes-
sional support to become proficient in implementing formative assessment. Indeed, teacher
training and professional support longitudinally are critical in changing teachers’ attitudes
and perceptions about formative assessment [15]. This change occurs by enhancing teach-
ers’ positive instrumental attitude [15,23] and self-efficacy [24,25], which in turn promotes
the correct (i.e., to inform teaching and learning) and effective use of formative assessment.
Furthermore, it can also improve teachers’ knowledge, understanding of, and skills in
using formative assessment as another strategy to support student learning [19,26,27].

Teachers play an important role in effectively using formative assessment strategies,
using each lesson to assess students’ learning progress, deciding how the assessment
information is best used for individual student or cohort feedback, and altering teaching
and learning activities to meet learning needs [16,20]. A growing body of recent published
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intervention studies [28,29], systematic reviews [1,20], and meta-analyses [9,30] recognize
the critical role played by teachers in effectively implementing formative assessment
practices in the classroom to achieve the intended outcomes. Moreover, a number of
studies have postulated a convergence between how teachers interpret the information or
data collected via formative assessment and the resulting changes in teacher instruction
and/or the structure of the teaching and learning activities for adaptation to the students’
knowledge, understanding, and skills [20,31]. The interpretation of information and the
changes that follow resulting from professional judgement are critical in the cycle of
formative assessment.

Indeed, there is a plethora of educational research into the effect of formative assess-
ment on the cognitive learning domain, such as academic achievement [1,9]. However,
there is a dearth of empirical research on the effects on the affective learning domain and the
associated underlying mechanisms. Considering that the core elements of formative assess-
ment (i.e., feedback and adaptive teaching behavior) are associated with enhancing student
competence, which in turn is a prerequisite for fostering student intrinsic motivation [32],
the effect of formative assessment on affective learning should be explored alongside the
cognitive learning domain within an umbrella review. This approach would provide a
comprehensive overview of the impact of formative assessment on the student. Evidence
from such a review can be used to identify potentially effective formative assessment
approaches for those students who struggle or have learning gaps in the affective domain.

There are numerous systematic reviews and meta-analyses to date [33–35] reporting
that different types of formative assessment tools (e.g., clicker questions, rubrics, scaf-
folds, students assessing themselves or peers) have the potential to improve learning (e.g.,
cognitive, psychomotor, or affective) and performance-related outcomes (e.g., students’
abilities to take ownership of their learning) such as student agency and students’ scholas-
tic competence. Acquiring data and information through original research, comprising
controlled, quasi-experimental, or randomized-controlled trials, represents the initial stages
of inquiry to advancing our understanding in K-12 education. Researchers subsequently
conduct systematic reviews to summarize the findings from the original research and then
statistically aggregate the data in meta-analyses.

Although systematic reviews and meta-analysis in the field of education are consid-
ered the best evidence to obtain insights into the current state of the field concerning a
research question, the findings are limited and conditional in as much as they tend to
exhibit a propensity to concentrate narrowly on a specific outcome measure, a specific
formative assessment tool type [30,36], within a broad population group (i.e., students from
all three settings: primary, secondary, and higher education), which can be challenging
when applying their findings to specific population groups (i.e., primary, secondary, types
of single-sex school settings). Given these potential methodological limitations, formulating
comprehensive recommendations and achieving pooled robust results describing the effec-
tiveness of formative assessment for the overarching instructional area of K-12 teaching
and learning can be more challenging. Moreover, extensive literature reviews indicate that
there are conflicting outcomes stemming from meta-analyses on student learning [34,37],
likely due to divergent methodological approaches (e.g., number of databases, database
relevance, search syntax, poorly defined inclusion and exclusion criteria, assessment of
the quality of primary papers) and applied methods such as different statistical methods.
For example, many meta-analyses focus on the broad scope of students from kindergarten
through higher education, do not report the effect of biological sex and the socio-economic
demographics of the school as moderators, and neglect to assess the methodological quality
of the primary papers using a critical appraisal tool.

One way to overcome the methodological limitations of meta-analyses is to conduct
umbrella reviews [38]. Umbrella reviews are positioned at the top of the evidence pyra-
mid, consolidating all available data pertaining to an area of education into a cohesive
study, thereby serving as the key source of evidence-based knowledge in the chosen area
of study [39]. Notably, umbrella reviews aim to summarize, synthesize, and critically
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evaluate findings from peer-reviewed published meta-analyses to provide a comprehensive
overview of the knowledge available on a given topic [39]. Thus, umbrella reviews help
researchers understand and gain greater insight into the present strengths and limitations
inherent in the entirety of the pertinent topical literature, in this case, formative assessment
in K-12 school settings. To our knowledge, no published umbrella review has investi-
gated the effects of formative assessment on measures of learning and achievement in
K-12 students.

The overarching objective of this umbrella review is to systematically review, assess,
and evaluate the available meta-analyses examining the effects of formative assessment on
student learning and performance-related outcomes. Therefore, we aim to (i) systematically
review and assess the available meta-analyses that have investigated the effects of formative
assessment-based strategies or interventions on student achievement and learning within
the primary and secondary school settings; (ii) address the methodological approaches
used and the robustness and credibility of the meta-analytical evidence; and (iii) identify
current limitations and suggest areas for further research. Our findings may be useful for
educational scientists, policymakers, school leaders, and teachers in understanding the
effects of formative assessment on K-12 school students across different age ranges (i.e.,
primary school, middle school, and secondary school students).

2. Materials and Methods

The present umbrella review was conducted in accordance with internationally recog-
nized Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) and
umbrella review guidelines [38,40]. The umbrella review protocol was registered in the OSF
database: https://osf.io/t7sx8, associated with https://osf.io/xzs6a (19 December 2023).

2.1. Literature Search Strategy

A systematic literature review following the PRISMA review guidelines was conducted
in the databases Scopus, ERIC, Academic Research Complete, ProQuest, APA PsycArticles,
SPORTDiscus, Web of Science, and Humanities International Complete. Google Scholar
was also searched for meta-analyses focused on formative assessment, and we scoured
the reference lists of the included meta-analyses to identify potentially relevant studies
for inclusion. The database searches commenced in December 2023 and were updated in
January, February, March, and June 2024. Each database was searched from the inception
of indexing. The following Boolean search syntax was used: (‘formative assessment’ OR
‘Assessment for learning’ OR ‘Feedback’ OR ‘self-assessment’ OR ‘peer assessment’ OR
‘formative evaluation’ OR ‘assessment as learning’) AND (‘primary school’ OR ‘elementary
school’ OR ‘high school’ OR ‘secondary school’) AND (‘meta-analysis’). Two authors (AS
and KT) performed the literature search independently.

2.2. Selection Criteria

Studies were selected based on a priori-defined inclusion and exclusion criteria that
were developed using the PICOS framework (PICOS = population, intervention, compara-
tor, outcome, study design), as shown in Table 1. Two authors (AS and KT) independently
reviewed and evaluated the eligibility of 71 papers, achieving a 94.37% inter-rater agree-
ment. When AS and KT did not reach an agreement concerning the inclusion of an article,
the disagreement was resolved by discussion with another author (BC). When needed, cor-
responding authors of papers were emailed seeking clarity around the inclusion/exclusion
criteria information provided in their manuscripts. A total of seven authors were contacted,
and all replied. The meta-analyses excluded during the reviewing and evaluation stage for
eligibility are listed in the online Supplementary File, Table S1.

https://osf.io/t7sx8
https://osf.io/xzs6a
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Table 1. Selection criteria applied in the umbrella review.

Category Inclusion Criteria Exclusion Criteria

Population

- Typical developing students
in an academic K-12 setting or
are primary or secondary
school students.

- Atypical developing students.
- Settings other than K-12, primary, or

secondary schools (e.g., pre-school,
higher education, or other forms of
adult learning).

Intervention

- Includes formative
assessment strategies
designed to improve teaching
and learning simultaneously.

- Intervention is unrelated to student
learning in the school setting.

- The study examines students’
feedback on or evaluation of courses,
teaching, or teachers’ focus.

- The study includes
summative assessment.

- Application of assessment
approaches that are not intended or
purposeful for actionable change in
the lesson activities to
enhance learning.

Comparator
- Control group (e.g., usual

lessons and teaching and
learning activities).

- No control group.

Outcome

- Measure of achievement,
learning, academic
performance, engagement,
motivation or attitude,
student understanding, and
learning (affective, cognitive,
and psychomotor).

- There is no measure of academic
achievement/performance, learning
engagement, motivation or attitude,
or student understanding.

Study
design

- Meta-analysis and included
controlled or quasi-
experimental trials.

- No meta-analysis.
- Included observational studies.

2.3. Data Extraction

The following data were extracted from included meta-analyses: (i) first author and
year of publication; (ii) aim of the study; (iii) school setting; (iv) the number of included
primary studies; (v) study design; (vi) number of effect sizes; (vii) sample size; type of
formative assessment and outcomes assessed; (viii) statistical model and effect metrics;
(ix) effect sizes, confidence intervals (CI; e.g., 95% CI), significance level, p values, and
I2 values (i.e., primary studies heterogeneity). Two authors (AS and KT) conducted the
data extraction process. Data extracted were cross-checked for accuracy by RF and RC.
When relevant data were unavailable in the respective papers, the corresponding authors
were emailed with a request for the data. Furthermore, authors of the included papers
were contacted as needed to verify data and other aspects of their included primary
studies. A total of six authors were contacted, and while all replied, only five provided the
necessary information.

2.4. Methodological Quality Assessment

The methodological quality of the included meta-analyses studies was examined using
the Assessing the Methodological Quality of Systematic Reviews-2 (AMSTAR-2) tool [41,42],
previously applied in the field of education [43,44]. The tool includes a checklist for
16 domains relating to the meta-analysis research question, review framework, search
strategy, selection of primary studies, process for selection and data extraction, justification
for included and excluded primary studies, description of eligible studies, the risk of bias,
sources of funding, heterogeneity, publication bias, and conflicts of interest.

The AMSTAR-2 was independently applied by three reviewers (EG, DG, and AS),
and disagreements between the reviewer’s ratings were resolved through discussion with
supporting evidence. Each item on the AMSTAR-2 tool checklist was answered with either
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a yes (1 point), a partial yes (0.5 points), or no (0 points) as applicable. To allow comparison
of the AMSTAR-2 scores, raw scores were transformed into percentages of the maximum
possible scores. For each meta-analysis quality was rated as (i) high, with ≥80% of the
16 items satisfied; (ii) moderate, with 40–80% of the items satisfied; or (iii) low, with <40%
of the items satisfied [45–47].

2.5. Robustness of the Results-Based Recommendations

The following aspects of the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) tool were assessed at the outcome and study level [48]:
(1) risk of bias, determined by the quality of the primary studies, as assessed in the included
meta-analyses; (2) inconsistency (heterogeneity), determined by the variation in effects
across the included studies and the magnitude of statistical heterogeneity as measured
by I2; (3) indirectness, determined by the generalizability of the findings to the study
populations included in the primary studies of the selected meta-analyses; (4) imprecision,
determined by the total sample size in the analysis and the number of included studies;
and (5) publication bias, determined by comparing the effect size of the largest primary
study with the pooled estimate from the meta-analysis and examining the asymmetry of
the funnel plot. The GRADE assessment was conducted independently by three authors
(AS, BC, and GH), with discussion and agreement to resolve any differences. A fourth
author (RC) also critically reviewed GRADE assessment results for any anomalies. For
each of the five aspects evaluated, each outcome was initially categorized as: not reported,
neutral, serious, or very serious [48]. Meta-analyses were downgraded from initially four
points by one point for each ‘Not reported’ or ‘Serious’ and by two points for each ‘Very
Serious’ rating. Then, meta-analyses were rated as ‘High’ (4 points), ‘Moderate’ (3 points),
‘Low’ (2 points), or ‘Very Low’ (≤1 point).

2.6. Data Interpretation

Comparisons were performed for the magnitude of effects across all the included
meta-analyses using standardized mean differences (SMD). Appropriate conversions were
considered for meta-analyses using different equations to compute SMDs (e.g., sample size
adjustment with Hedges’ g) (see Supplementary File, Table S2, pp. 6–14). The SMDs were
classified as trivial (<0.20), small (0.20–0.49), medium (0.50–0.79), or large (≥0.80) [49]. If
any of the studies provided confidence intervals (CI) for the effects sizes other than 95%
CI, they were converted to a 95% CI by calculating the standard error and then the margin
of error for the desired CI, followed by constructing the new CI around the mean weight
effect size [50].

3. Results
3.1. Search Results

The systematic search yielded 56,482 documents (Figure 1). After removing duplicates
and inspecting titles and abstracts, 71 full-text studies were read and assessed for eligibility.
Thirteen meta-analyses were eligible for inclusion in this umbrella review. All included
studies were published in peer-reviewed journals.
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3.2. Characteristics of the Meta-Analyses

The 13 included meta-analyses were published from 2011 to 2023. The effect of
formative assessment on K-12 students or primary and secondary school students was
explicitly reported in the main analysis of four studies [1,9,51,52] and in the sub-analysis of
nine studies [30,36,53–59] that examined the broad impact of formative assessment across
all levels of education, including tertiary. The number of primary studies within the K-12
school setting ranged from four to 30 in the 13 included meta-analyses. Sample sizes ranged
from 1047 to 116,051 students with a combined total of 256,659. One meta-analysis [58]
did not provide sample size information. One meta-analysis [30] investigated the effect
of biological sex as a moderating factor on learning resulting from formative assessment
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interventions. Regarding the type of formative assessment, five meta-analyses [1,9,51,52,56]
included more than one type of formative assessment, two meta-analyses included self-
regulated learning scaffolds [58,59], and other meta-analyses included self-monitoring [54],
real-time classroom interactive competition (i.e., gamified formative assessment) [36,55],
computer-mediated feedback [57], rubrics [30], and student response systems [53].

Of the 13 meta-analyses included in the umbrella review (see Supplementary File, Table S2,
pp. 6–14), 12 included calculations of summary effect estimates and corresponding 95%
CIs, and one meta-analysis provided corresponding 90% CIs [58]. Twelve meta-analyses
used a random effects model, with one [30] using a three-level model with robust variance
correction. One meta-analysis [55] used mean difference only. The I2 heterogeneity esti-
mates were reported in 46% (n = 6) of included meta-analyses [9,30,36,51,55,57] and funnel
plots in 54% (n = 7) of the 12 included meta-analyses [30,36,51,53,54,56,59].

3.3. Methodological Quality Assessment

The 13 included meta-analyses were assessed using the AMSTAR-2 tool (see Figure 2);
the completed AMSTAR-2 rating for the 13 included meta-analyses is available in the
Supplementary File, pp. 15–16, Table S3. Most (n = 10) [1,9,30,36,51,52,54,56–58] of the
13 included meta-analyses were rated as ‘moderate,’ two meta-analyses were rated as
‘low’ [53,59], and one meta-analysis was rated with a ‘high’ quality [55]. The 13 included
meta-analyses received scores ranging from 34 to 81% of the maximum score (16 points).
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Figure 2. AMSTAR-2 assessment for the 13 included meta-analyses.

Overall, the meta-analyses did not adequately report on Item 2 (prior written protocol)
(85%, n = 11); Item 4 (explanation of the choice of study design for inclusion) (62%, n = 8),
Item 5 (study selection in duplicate) (54%, n = 7), Item 6 (data extraction in duplicate) (46%,
n = 6), Item 7 (provided a list of excluded studies with rationale for exclusion) (100%, n = 13),
Item 8 (description of the included studies in detail) (85%, n = 11), Item 9 (assessment of the
risk of bias) (69%, n = 9), Item 10 (information about funding sources of included primary
studies) (100%, n = 13), Item 12 (assessed the impact of the risk of bias within the included
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studies in the meta-analysis results) (54%, n = 7), Item 13 (account for the impact of the risk
of bias while interpreting/discussing the results) (69%, n = 9).

3.4. Robustness of the Results-Based Recommendations

Based on the GRADE assessment (see Supplementary File, Tables S4–S8, pp. 17–21),
the robustness of the results-based recommendation is considered low or very low.

3.5. Effect of Formative Assessment in Key Areas of Learning

Having considered the quality of the included meta-analyses using the AMSTAR 2
and GRADE instruments, the studies can be further explored in relation to the effect within
key areas of learning or subject areas.

3.5.1. Effects of Formative Assessment on Learning in STEAM-Related Subjects

Three of the five effect sizes reported for formative assessment in STEAM-related
subjects Mathematics, Science, and Art reported trivial effect sizes (SMD = 0.09–0.34) [1,52]
(see Figure 3). One of the two meta-analyses examining the effect of formative assess-
ment in Mathematics showed a small positive effect (SMD = 0.34; p < 0.001) [1], whereas
two meta-analyses showed trivial effect sizes (SMD = 0.09–0.13; p < 0.001) in Science [1,52].
The study by Lee et al. [1] observed a small positive effect in Art (SMD = 0.29; p < 0.001).
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Figure 3. Standardized mean difference (black diamond) and 95% confidence intervals (black di-
amond horizontal lines) reported in meta-analyses comparing the baseline with post-formative
assessment interventions on student performance in STEAM-related subjects: Art, Mathematics, and
Science [1,52]. NS − FA = non-specific formative assessment. Note 1: Positive and negative standard-
ized mean difference values denote favorable and detrimental effects of intervention, respectively.
Note 2: Grey and blue areas = trivial and small magnitude, respectively. Note 3: Lee et al. [1] did not
report the 95% confidence interval; therefore, only standardized mean difference is reported.

3.5.2. Effect of Formative Assessment on Learning Literacy

Five studies investigated the effects of formative assessment on student literacy (see
Figure 4). One study reported a large positive effect for a formative assessment intervention
that involved adult feedback on literacy (SMD = 0.87; p < 0.001) [51]. Two studies [51,57]
showed a moderate positive effect for formative assessment types on literacy learning,
such as non-specific feedback (SMD = 0.61; p < 0.001) [51], peer feedback (SMD = 0.58;
p < 0.001) [51], progress monitoring feedback (SMD = 0.18; p = 0.06) [51] and computer-
mediated formative assessment (SMD = 0.66–0.77; p < 0.01) [57]. One study showed a small
positive effect for student-directed formative assessment (SMD = 0.28; p < 0.001) [9]. Trivial
effects were observed for teacher-directed formative assessment (SMD = 0.12; p < 0.01) [9],
non-specific formative assessment (SMD = 0.19; p < 0.01) [9], integrated (SMD = 0.19;
p < 0.001) [9] and also the 6 + 1 writing model (SMD = 0.05; p = 0.08) [51] type of formative
assessment. Only one study performed sub-analysis for school settings (primary and
secondary) that indicated a trivial-to-small positive effect on literacy (SMD = 0.18–0.27;
p < 0.001) [9]. Summarized in Figure 4 are the formative assessment effects on student
literacy in the five meta-analyses studies reporting SMD values.
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3.6. Effect of Computer-Based Formative Assessment on Learning

Five studies investigated the effects of computer-based formative assessment inter-
ventions on student learning (see Figure 5). Two of the studies performed sub-analysis of
school settings (secondary and primary), with one reporting a large effect in secondary
students (SMD = 0.84) and a small effect in primary students (SMD = 0.23; p < 0.01) [59].
Another reported moderate effect size in both secondary (SMD = 0.77; p < 0.01) and primary
students (SMD = 0.66; p < 0.01) [57]. Three meta-analyses [1,52,58] indicated small effect
sizes (SMD = 0.21–0.34; p < 0.05) in computer-based formative assessment.
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formative assessment interventions on student learning [1,52,57–59]. Lead author name is fol-
lowed by the specific type of formative assessment. SRLS = self-regulated learning scaffold;
P = primary school students; S = secondary school students; K12 = kindergarten to grade 12 stu-
dents; NS − FA = non-specific formative assessment; FB = feedback; FA = formative assessment.
Note: 1: Positive standardized mean difference values denote favorable effects. Note 2: Grey and
blue areas = trivial and small magnitude, respectively, and yellow and green = moderate and large
effects, respectively. Note 3: Lee et al. [1] did not report the 95% confidence interval; therefore, only
standardized mean difference is reported.

3.7. Effect on Affective Learning

Two studies [30,54] included an examination of the affective learning domain. The
impact of formative assessment rubrics on regulated learning varied across primary
(SMD = −0.047; p > 0.05) and middle school students (SMD = 0.246; p < 0.001), respec-
tively [30]. The utilization of formative assessment self-monitoring resulted in a significant
increase in strategy use among participants (SMD = 0.57; p < 0.05) [54].

3.8. Effect of Formative Assessment on Learning within Settings

In terms of the effect of formative assessment on student learning or achievement,
without reference to any subject area, there were 10 studies with 19 effect sizes ranging
from trivial to large effect. The meta-analysis effect sizes are provided per school setting
(i.e., K-12, primary and secondary).

3.8.1. K-12 School Students

Six studies conducted meta-analyses across the K-12 school setting with six effect
sizes for student learning (see Figure 6). In terms of effect, the included meta-analyses
indicated large effects for the student response system (SMD = 0.93; p < 0.001) [53], small
effects for unspecified types of formative assessment (SMD = 0.28–0.29; p < 0.01) [1,52], and
formative assessment in a computer-based learning environment (SMD = 0.34; p < 0.03) [58].
However, Guo [54] and Bolat et al. [36] reported small and non-significant effects of self-
monitoring on academic performance (SMD = 0.37) and gamified formative assessment
tools (SMD = 0.24), respectively.
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mond horizontal lines) reported in meta-analyses comparing the baseline with post-formative assess-
ment interventions on student academic achievement according to school setting [1,30,36,52–54,56,58,59].
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Lead author name is followed by the type of formative assessment. NS − FA = non-specific forma-
tive assessment; CM = computer-mediated; SRLS = self-regulated learning scaffold; FB = feedback;
FA = formative assessment; SRS = student response system. Note 1: Positive and negative standard-
ized mean difference values denote the favorable and detrimental effects of intervention compared
with the control condition. Note 2: Red area = detrimental, grey and blue areas = trivial and small
magnitude, respectively, and yellow and green = moderate and large effects, respectively. Note
3: Lee et al. [1] and Kingston et al. [52] did not report the 95% confidence interval; therefore, only
standardized mean difference is reported.

3.8.2. Primary School Students

Six studies conducted meta-analyses that included primary school students. One
study reported a trivial positive effect (SMD = 0.20; p = 0.350) [30] of using rubrics for
formative assessment. Three studies indicated a small positive effect for the following types
of formative assessment: computer-mediated self-regulated learning (SRL) (SMD = 0.23;
p = 0.026) [59], and unspecified type of formative assessment (SMD = 0.29; p < 0.001) [1],
(SMD = 0.30 [K-4]; p < 0.001) [52]. Two meta-analyses observed a large effect size, with feed-
back formative assessment (SMD = 0.89; p < 0.05) [56] and real-time classroom competition
(MD = 5.78; p < 0.001) [55].

3.8.3. Middle School Students

Two studies included meta-analyses for middle school students. Panadero et al. [30] re-
ported a large effect size (SMD = 0.82; p = 0.086) for the use of rubrics, and Kingston et al. [52]
reported a small effect size (SMD = 0.30; p < 0.001) for non-specific formative assessment.

3.8.4. Secondary School Students

Five studies performed meta-analyses within the secondary school setting, with
six effect sizes reported for learning. Computer-mediated SRL had a large effect (SMD = 0.84;
p = 0.024) [59]. A moderate effect (SMD = 0.71; p < 0.05) was observed for feedback for-
mative assessment [56]. The effectiveness of real-time classroom interactive competition
on academic performance had a large effect (MD = 7.60; p < 0.001) [55]. A small effect
(SMD = 0.23–0.26; p < 0.001) was indicated by [52].

3.9. Other Influencing Variables
3.9.1. Differentiation

Regarding the addition of differentiated instruction or instructional adjustment with
formative assessment on learning, meta-regression analysis by Lee et al. [1] indicated that
planned instructional adjustment had a small moderating effect (SMD = 0.35; p < 0.05),
while unplanned instructional adjustment had a trivial effect (SMD = 0.15; p > 0.05), and
a mixture of unplanned and planned adjustment resulted in a small significant effect
(SMD = 0.29; p < 0.001). No instructional adjustment indicated a trivial, non-significant
effect (SMD = 0.16; p > 0.05) on formative assessment in the study by Lee et al. [1]. For
formative assessment with differentiated instruction on reading achievement, the subgroup
analysis conducted by Xuan et al. [9] indicated that students had gained significantly more
with a small effect (SMD = 0.241; p = 0.000) compared with no differentiation (SMD = 0.05;
p = 0.07).

3.9.2. Professional Development

In terms of expertise level, two of the included meta-analyses [1,52] indicated profes-
sional development for teachers in the use of formative assessment had a small positive
effect (SMD = 0.30l; p < 0.001). Lee et al. [1] conducted a meta-regression analysis regarding
the level of teacher exposure to professional development and observed that one-time
professional development (SMD = 0.27; p < 0.001) was effective; however, ongoing profes-
sional development had the greatest effect (SMD = 0.30; p < 0.001). Regarding teachers
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who had engaged in no professional development, there was no significant effect (p > 0.05)
on learning.

3.9.3. Teacher and/or Student-Directed

Two meta-analyses [1,9] specifically examined the effects of formative assessment
initiated or directed by the teacher and/or student. The subgroup analysis by Xuan et al. [9]
observed a small positive effect (SMD = 0.28; p < 0.001) of student-directed formative
assessment on reading achievement, a trivial positive effect (SMD = 0.19; p < 0.001) for
integration of student and teacher-directed formative assessment, and teacher-directed
also demonstrated a trivial positive effect (SMD = 0.12; p < 0.05). Lee et al. [1] conducted
a meta-regression showing that teacher-directed formative assessment had a trivial mod-
erating effect (SMD = 0.18; p < 0.05), student-directed feedback had a medium effect
(SMD = 0.61; p < 0.001), while interventions that focused on both teacher and student as the
main initiators of the formative assessment had a trivial non-significant effect (SMD = 0.13;
p > 0.05). The meta-analyses by Graham et al. [51] included a sub-group analysis of writ-
ing interventions according to the delivery of formative assessment involving feedback.
Graham et al. [51] reported teacher-directed formative assessment had the greatest effect
(SMD = 0.87; p < 0.001), compared with self-assessment (SMD = 0.62; p < 0.001) and peer
assessment (SMD = 0.58; p < 0.001).

4. Discussion

This umbrella review aimed to systematically assess the available meta-analytical
evidence to then examine the effects of formative assessment interventions on student
learning. The present umbrella review analyzed 13 meta-analyses assessing the efficacy of
formative assessment interventions on a range of outcomes, predominantly in the cognitive
learning domain and to a lesser degree in the affective learning domains. Based on the
meta-analytical evidence, the umbrella review’s main finding is that formative assessment
enhances students’ learning.

Even though formative assessment interventions resulted in a positive effect for
most outcomes, effect sizes were only one element of the evaluation of the included
meta-analyses in this review. The search process and identification of eligible papers
for the umbrella review highlighted a greater depth of formative assessment research in
higher or tertiary education, where most evidence is available, than in the K-12 schooling
sector. The most concerning findings from our study are the lack of methodological rigor,
robustness, or quality of evidence GRADE in the available studies, the paucity of meta-
analytical studies focused on primary and secondary schooling, and the lack of evidence
available for examining biological sexes and economic and social demographics of schools
as moderators.

4.1. Generalizability of the Results

Most of the meta-analyses examined primary studies that included participants from
tertiary education and secondary and primary school settings [30,36,53–59]. A crude
consideration of generalizability based on surface similarity may lead us to decide that
while the formative assessment intervention may generally apply to students (tertiary, pri-
mary, and secondary), if we look more closely at the study populations and compare their
characteristics, we might note that tertiary students are more educated (e.g., knowledge,
understanding, skills) and have more years of learning experience. As a result, most moder-
ator analyses could not be considered in this umbrella review due to the distortion of data
resulting from the inclusion of tertiary education students. The exclusion of such moderator
analyses is not only due to methodological considerations but also because different stages
of lifespan development exhibit distinct variables that influence teaching and learning
processes [60] and, consequently, affect the outcomes of formative assessment experiences.

Another consideration in analyzing the generalizability of the results is that most
meta-analyses were conducted with general populations among a mixture of biological
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sexes, thus limiting the generalizability of findings to single-sex-based schools and class-
rooms. Furthermore, most meta-analyses in this umbrella review only reported total effect
sizes according to the level of education or education setting (primary, secondary, and
K-12), with only one providing a sex-based subgroup effect [30]. Some primary studies
examining the effect of formative assessment have found different effects for males and
females [61], and also that formative assessment can be effective in improving results while
also reducing the gender gap in literacy development and numeracy [62]. Because of
the lack of information regarding the distribution of biological sexes, analysis of sex as a
subgroup, and consideration for various school settings (i.e., single sex or coeducational,
socio-economic demographics), all included meta-analyses were categorized as having
‘serious indirectness’ in the GRADE assessment [48]. Future meta-analysis studies should
include an examination of both males and females and analyze their data separately to
determine if there is a difference in responses to formative assessment intervention between
the sexes. However, it is important to recognize that such comparisons would require larger
sample sizes to achieve sufficient statistical power.

4.2. Quality of the Included Meta-Analyses

Using the AMSTAR-2 assessment, the methodological quality of the included meta-
analyses varied from low to high. However, most studies (77%) were of moderate quality,
with two rated as low and only one rated as high. Although it is not mandatory to pre-
register the meta-analysis protocols on a specific platform, it is a fundamental aspect
recommended by a significant number of journals. Pre-registration of meta-analysis proto-
cols is crucial for transparency, preventing duplication of efforts, ensuring that the research
process is well-documented, and minimizing the risk of bias [63]. However, in this case,
only one was registered on PROSPERO [55]. The paucity of meta-analysis papers in this
review with pre-registered protocols can likely be attributed to the temporal context in
which earlier studies were conducted prior to the common adoption of this practice and
a time when there were few or non-existent general (i.e., no specific field of study) reg-
istration platforms (e.g., Open Source Framework—OSF) or the absence of databases for
Supplementary Materials [64]. Furthermore, most eligible meta-analyses did not provide an
explicit statement that the protocol used was established prior to the conduct of the review.
However, the absence of this missing element in the eligible papers for this umbrella review
has contributed to the low- to moderate methodological quality.

For AMSTAR-2 Item 7 (list of excluded studies with reasons for exclusion), the included
meta-analyses did not provide a list of excluded studies to then justify their exclusion. This
omission may be attributed to limitations such as table/figure/word restrictions or, as
previously mentioned, the absence of databases for Supplementary Materials, affecting
the authors’ ability to present all extracted information from the included primary studies.
However, it is also plausible that the authors, whose research background is in education,
may have been unaware of the significance of these methodological quality characteristics.

A low number of studies [30,36,51,52,55,57] conducted adequate evaluations with
varying degrees of risk of bias, suggesting potential flaws in the evidence, thus reducing
the overall certainty of the evidence. Moreover, meta-analysis studies in this umbrella
that lacked an evaluation of the risk of bias in their primary studies examined (i.e., did
not comply with AMSTAR-2 guidelines, Item 12), contributed to a downgrading of the
robustness of the evidence (e.g., low-to-very-low GRADE). Therefore, the low-to-very-low
certainty of the currently available evidence precludes robust recommendations regarding
optimal formative assessment strategies for learning in K-12 students.

4.3. Formative Assessment Practices Enhance Learning

Most studies indicated improvement in K-12 student learning due to various types
of formative assessment interventions and no negative effects. In the study by Kingston
et al. [52], a sub-group analysis identified curriculum-embedded assessment schemes that
involved implementing open-ended formative assessments as having a negative trivial
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effect. Considering the overall positive effects, applying the experimental protocols used
for applying formative assessment may be an effective strategy to monitor, promote,
and optimize student learning in general and within specific key learning areas (i.e.,
Mathematics, Science, English, and Art) [1,9,51,52,57]. Additionally, they provide teachers
with a tool to evaluate the efficacy of their classroom practices, identify learning gaps, and
make evidence-based decisions to implement necessary adjustments [65]. Consequently,
formative assessment is recognized as an important component of effective pedagogy
within daily lessons to increase student learning and enhance teacher quality, and it should
be present in classrooms [66].

4.4. Type of Intervention

The impact of formative assessment interventions on student learning was examined
in the meta-analyses included in this review through both a broad curriculum lens (i.e.,
involving a range of key learning areas) and a subject-specific curriculum (i.e., one key
learning area) lens. The studies identified three main sources of formative assessment
practices: student-directed, teacher-directed, or integrated (teacher and student). In this
umbrella review, six studies [1,9,30,51,54,59] examined the effect of student-directed types
of formative assessment (i.e., peer- or self-assessment, rubrics, or scaffold) and six meta-
analyses [9,36,51,53,55,58] examined teacher-directed types of formative assessment via
additional analyses (i.e., sub-analyses). The remaining two studies examined integrated
practices involving both teacher and student in the assessment process [1,9]. Only one
study explored biological sex as a moderator and found no significant differences [30].
Differentiating between these types is crucial because each approach influences student
learning in unique ways. For example, student-directed assessments, such as peer or
self-assessment, empower learners to take an active role in their evaluation, promoting
self-regulation and deeper understanding, while integrated formative assessments, which
involve both teachers and students in the process, foster a collaborative approach, combin-
ing the strengths of both perspectives to enhance learning outcomes. By understanding
these distinctions, educators can better implement formative assessment strategies aligned
with their teaching goals and the needs of their students.

4.4.1. Student Centered

Across a range of key learning areas, learning in general appears to be most positively
affected by student-initiated formative assessment feedback and, to a lesser extent, by
teachers’ formative assessment feedback and mixed feedback from both students and
teachers [1]. In the study by Lee et al. [1], student-initiated formative assessment had
a moderate effect compared with teacher-directed or integrated assessment that had a
trivial effect on learning. Specific types of student-directed forms of formative assessment,
such as rubrics, have demonstrated a small to large positive effect on students’ academic
performance in primary (SMD = 0.196; p = 0.350), middle (SMD = 0.819; p = 0.086), and
secondary school students (SMD = 0.127; p = 0.612) [30]. However, in the study by Panadero
et al. [30], the effect of rubrics on student self-regulated learning was small (SMD = 0.246;
p < 0.001) in middle school students and detrimental (SMD = −0.047; p = 0.849) in primary
school students. The results from the meta-analyses by Panadero et al. [30] lend support to
the conclusion that student-directed formative assessment strategies such as rubrics are
more beneficial when used with middle and secondary school students.

Self-monitoring, another student-centered approach, showed small to moderate effects
for academic performance (SMD = 0.37; p > 0.05) and self-monitoring ability (SMD = 0.57;
p < 0.05), indicating significant enhancements in self-monitoring ability and a positive effect
on academic performance [54]. This finding accords with the observations of Reid et al. [67],
which found self-monitoring was effective in improving student behavior, productivity,
and accuracy in the school classroom setting. The meta-analysis by Guo [54] revealed a
moderate effect size in the association between self-monitoring and academic performance,
but the findings did not reach statistical significance (p > 0.05), indicating a need for
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further investigation into the nuanced dynamics of this relationship. However, the results
of the study by Guo [54] broadly support the work of Panadero et al. [30] in this area,
which links self-regulated learning and metacognitive training. This is consistent with
the meta-analysis by Zheng [59], which showed that the use of self-regulated learning
scaffolds in computer-based learning environments produced a positive moderate-to-large
effect on academic performance. These outcomes suggest that student-directed formative
assessment strategies positively moderate academic performance more effectively than
teacher-directed and mixed, while also improving affective learning. This combination
of findings provides some support for the conceptual premise that learners need to be
encouraged to have an active role in the formative assessment process to maximize impact
on learning.

4.4.2. Student-Directed Formative Assessment According to School Setting

Despite the consistent moderate effect of student-directed formative assessment on
student academic performance, the findings cannot be extrapolated to all age groups. In the
study by Panadero et al. [30], the effect of using rubrics increased with the increased age of
students, benefiting secondary students more. Previous reviews concentrating on studies
in higher education [68,69] have also indicated a link between a student’s educational
level and the effectiveness of rubrics. The meta-analysis by Zheng [59] indicated that
student-directed formative assessment in the form of self-regulated scaffolds had a large
effect in secondary students in contrast to a moderate effect in primary students. Several
explanations exist for the greater effectiveness in secondary students, such as increased
cognitive and metacognitive readiness to regulate their learning through monitoring and
active adaptation [70]. This explanation is supported by a cognitive and constructivist view
of learning, where students are at the formal operational stage of reasoning, suggesting
that learners benefit from a more independent active role in formative assessment, which is
considered essential for its success [3,33,61].

4.4.3. Student-Directed Formative Assessment and Subject Area

In this umbrella review, two meta-analyses [9,51] included a sub-analysis to explore
the effects of student-directed formative assessment on literacy learning, more specifically
writing [51] and reading [9]. The results of these meta-analyses on formative assessment
in reading indicate, similar to other findings [1,30,54,59], that student-directed formative
assessment has a moderate positive effect. This moderate effect was larger than teacher-
directed or integrated approaches in K-12 settings. Similarly, Graham et al. [51] observed
that student-directed formative assessment such as peer feedback and self-assessment
resulted in moderate effects. However, teacher-directed formative assessment was more
favorable, demonstrating a large positive effect. The contrast between these results be-
tween reading and writing can partly be explained by the extreme complexity of writing
skills [71–73]. Learning to write often relies on teacher-directed instructional writing prac-
tices [71,74,75]. Due to its complexities in content structuring, grammar, punctuation,
spelling, and language mechanics, writing requires teachers to guide students through
processes by providing formative assessment such as feedback, modeling effective writing
techniques, and fostering a supportive environment. This process helps students develop
their writing skills, whereas reading primarily focuses on comprehension.

4.4.4. Teacher-Directed Approaches

The umbrella review findings revealed that teacher-directed approaches enhance
students’ academic achievement. Lee et al. [1] observed trivial positive effects for teacher-
directed formative assessment in K-12; however, they were less significant compared with
student-directed approaches that exhibited a moderate effect. It is important to consider
the three recent meta-analyses [36,53,55] that examined a specific type of teacher-directed
formative assessment and the effect on learning. Akbay et al. [53] examined the effects of
student response systems (e.g., clicker, Kahoot) and found a large effect on both students’
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cognitive and non-cognitive learning outcomes, with no significant difference between these
domains. These findings are consistent with those of Jurado-Castro et al. [55], who found
that real-time classroom interactive competition interventions also had a large positive and
significant effect on student academic performance. Furthermore, a third meta-analysis
that investigated the effect of gamified formative assessment tools also showed a small
but positive effect on student achievement. These studies highlighted applications such
as Kahoot and Socrative as highly effective due to their game-based features [36,53,55].
These tools serve the purpose of formative assessment while also engaging and motivating
students more than traditional student response systems such as clickers [76,77]. The
gaming elements may enhance student motivation and also performance [36].

The observed effect of teacher-directed formative assessment strategies such as stu-
dent response systems could be attributed to increased means to address students’ per-
sonal characteristics (i.e., preferred learning style, lack of self-esteem, hesitation, shyness,
self-regulation) [78] or classroom contextual factors (i.e., time limit, class size, and dy-
namics) [79], which can pose pedagogical challenges. These challenges can reduce stu-
dents’ motivation, self-efficacy, participation, and interaction [80,81], which are crucial
non-cognitive learning outcomes that impact cognitive processes (e.g., memorization, reten-
tion) and outcomes such as recall. The application of gamification can encourage students
to be more motivated and ambitious to learn, resulting in enhanced academic achieve-
ment [36,53,55,82]. Using real-time interactive competitions in the learning process can
help overcome the aforementioned challenges and enhance the quality of student learning,
significantly impacting class dynamics, participation, motivation, and overall learning
experiences [36,55,83]. In relation to using these types of formative assessment, teachers
need to be aware of the potential novelty effect that could be a conditioning factor in
short-term success. In addition, it is suggested teachers take into account the difficulties
with memorizing each student’s areas of strength and for improvement [80] to ensure all
components of formative assessment are completed.

4.5. Effect of Formative Assessment within Various Contexts
4.5.1. Formative Assessment in STEAM-Related Subjects

This umbrella review indicates that formative assessment interventions have signifi-
cant trivial positive to small effects on student learning in STEAM-related subjects [1,52].
For Mathematics and Science, one meta-analysis observed trivial positive effects for both
Mathematics and Science [52] and another small positive effect for Mathematics and trivial
positive effects for Science [1]. These results demonstrate the benefits of including formative
assessment in the teaching and learning of these subjects. It is also important to highlight
that some experimental aspects may have influenced the observed effects in the included
studies, such as the type of study design and the students’ pre-existing experience with for-
mative assessment practices. In Mathematics, characterized by the need for correctness and
determining a solution, formative assessment is inherently built into instruction through
problem-solving activities, classroom discussions, peer collaboration, and teacher-directed
quick checks for understanding. Student-directed quick checks (e.g., back-of-book answers)
for understanding using prescribed sets of answers also allow for continual monitoring
of student progress and adjustment of instruction accordingly. Therefore, formative as-
sessment interventions delivered through research investigations do not present distinctly
different approaches from what is already practiced.

4.5.2. Formative Assessment Using Computers

One of the key findings of our umbrella review was the positive effect of computer-
based formative assessment on student learning. Five meta-analyses examined the effect of
computer-based assessment [1,52,57–59]. Van der Kleij et al. [58] conducted a meta-analysis
to determine the effects of formative assessment feedback in computer-based learning,
observing a small effect on learning. These positive results are similar to those in the meta-
analysis by Li [57], which indicated a moderate effect of computer-mediated formative
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assessment in both primary and secondary students. Li [57] also found that computer-
mediated formative assessment is significantly more effective than traditional methods for
learning vocabulary. However, the meta-analysis by Zheng [59] that examined the effects
of self-regulated learning scaffolds on academic achievement in computer-based learning
environments produced significant, large positive effects in secondary students and small
positive effects in primary students. Other meta-analyses [1,52] examining the effect of
computer-based formative assessment more broadly on learning observed a small positive
effect (SMD = 0.27–0.28) on student learning. The effect of computer-based formative
assessment from the meta-analysis by Graham [71] is often cited in other papers; however,
it was not included in this umbrella review, as the studies used did not include control
groups. Therefore, computer-assisted formative assessment facilitates educators in focusing
on instructional practices in response to the information collected more objectively while
minimizing the time and effort required for data collection and analysis [84]. In addition, it
also nurtures the development of student self-regulation skills and self-efficacy [58].

4.5.3. Formative Assessment and Literacy

The findings of this umbrella review demonstrated that formative assessment has a
significant trivial-to-large effect on literacy proficiency, with no negative effects, according
to the included meta-analyses [1,9,52,57,71]. The writing domain of literacy was most
positively affected by formative assessment, showing a large effect [71], followed by the
vocabulary domain with a moderate effect [57], and lastly, reading with a trivial-to-small
effect [9]. An important finding of this umbrella review is that formative assessment
practices on literacy add a range of effective strategies for teachers to meet the wide
variety of learning needs that students present with each day [85]. The professional
judgement of teachers or intuition, along with the effect sizes of various interventions,
can guide the effective use of formative assessment in the classroom context to teach a
concept or skill [8]. In addition, the development of literacy skills is both complex and
multifaceted and can vary significantly for each student. To help student literacy skills to
constantly develop and improve, teachers need to frequently monitor their progress using
various formative assessment strategies and address learning issues that arise through
differentiation and other practices. Xuan et al. [9] indicated that complementing formative
assessment with deliberate differentiation in teaching strategies results in a significant
small positive effect, leading to better reading outcomes. Similarly, in the context of
general student learning, Lee et al. [1] confirmed that formative assessment strategies with
planned and unplanned instructional adjustment had a small effect size compared with
those without instructional adjustment, resulting in a significant trivial effect. Responsive
formative assessment strategies adapt and continually evolve to align with each student’s
unique stage of literacy growth and development. The iterative and ongoing nature of
formative assessment, interconnected with responsive adjustments, is an important enabler
for the teacher to foster continuous improvement and tailor support to meet individual
student needs while also providing essential scaffolding for literacy learning.

4.6. Overall Effect of Formative Assessment

Advocates of formative assessment contend that it is an effective classroom peda-
gogical technique for enhancing and supporting student learning [86]. While systematic
reviews and meta-analyses have supported the benefits of formative assessment, this
umbrella review systematically organizes and evaluates existing evidence from multiple
meta-analyses on all learning outcomes associated with types of formative assessment
educational contexts. Overall, the results suggest that formative assessment positively
affects student learning in K-12 students, with an overall positive effect size ranging from
trivial to large.

Recently, educational researchers have increasingly advocated for the important role
of formative assessment in enhancing and promoting learning in educational practice [66].
Formative assessment is an important element of each lesson, providing new informa-
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tion about the learning process to the teacher or student, thus facilitating progressive
achievement and later performance [87]. The results of this umbrella review support the
position held by researchers that formative assessment is an effective classroom technique
for improving student learning [37]. Moreover, the most obvious finding to emerge from
the results is that formative assessment is more effective than the absence of assessment
intervention of this kind. Similar to the primary studies used in the meta-analyses, the find-
ings suggest that deliberately structuring classroom activities using a planned formative
assessment strategy may effectively promote learning. Furthermore, using student-directed
formative assessment such as scaffolds, rubrics, and peer assessment where appropriate
optimizes the use of teaching resources by freeing the teacher to focus on those students’
experiencing difficulties or engaging in cognitively demanding complex tasks. The findings
indicate that learners’ active role is crucial for effective formative assessment implementa-
tion and that formative assessment can be effective across a wide range of subject areas.
Pragmatically, as previously alluded to, this suggests that teachers can implement different
forms of formative assessment in various ways, tailored to the specific characteristics and
constraints of their classroom context.

4.7. Strengths and Limitations

This umbrella review provides a rigorous, comprehensive, and current synthesis of
evidence in the K-12 school context of formative assessment interventions for improving
student learning. This review adhered to the prescribed methodology and guidelines [88,89]
for conducting umbrella overviews of meta-analyses, including duplicate independent
selection of studies, assessment of eligibility, and data extraction. The methods used in
this review were registered prospectively with the Open Science Framework, and the
search strategy was defined and deposited before conducting the initial search. Although
the umbrella review has demonstrated the effectiveness of formative assessment, certain
limitations need to be considered.

Firstly, only 13 meta-analyses met the inclusion criteria in this umbrella review. How-
ever, the total sample size was >256,000 students. Secondly, although most (n = 11) of the
included meta-analyses were of moderate methodological quality, the global assessment
of the robustness of the evidence (i.e., GRADE) was very low (n = 9), low (n = 3), and
moderate (n = 1). Some AMSTAR-2 and GRADE criteria were either under-reported or
under-represented. Moreover, it is worth noting that while the meta-analyses investigated
similar research questions (i.e., the effect on learning or academic achievement), their
methodological approaches varied, including search strategies, selection criteria, and ana-
lytical approaches. It is important to note that a minimal number (<5%) of primary studies
were included in multiple meta-analyses. Also considering the differences in scope and
published dates of the included meta-analyses, the authors consider the minimal overlap
of primary studies not to be a critical flaw in this umbrella review.

Another major limitation that needs to be addressed is the need for more meta-
analyses to be selective and to only include randomly controlled trials. In most of the meta-
analyses in this umbrella review, the primary studies included quasi-experiments randomly
allocated at the classroom level. This presents a challenge in isolating the intervention
effect from classroom-level effects like teacher quality; consequently, statistical inferences
may be biased [90]. The results indicate that randomized controlled trials produce more
conservative estimates than do studies with quasi-experimental designs of the effect of
formative assessment [9,30]. Addressing this limitation would enhance the overall quality
of research and enable more accurate conclusions. However, despite these limitations, the
current umbrella review shows that formative assessment positively impacts K-12 student
learning. The umbrella review of evidence has highlighted new challenges, underscoring
problematic areas in theory and application for researchers and teachers.
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5. Conclusions

The aim of this umbrella review was to investigate the effects of formative assessment
on K-12 student learning and to evaluate the methodological quality of eligible meta-
analyses. This umbrella review has shown that the use of formative assessment as an
instructional practice is beneficial for improving academic performance. These findings
align with existing theories on formative assessment and instructional best practices, of-
fering support for their ongoing implementation in K-12 classrooms. For school leaders
and teachers, these findings are particularly useful for guiding decision-making and policy
formulation. Practically speaking, the results encourage the use of formative assessment
as an effective and sustainable strategy for monitoring and guiding teaching and learning
processes, promoting continuous improvement for both students and teachers. In this
regard, educators can better advocate for resources, training, and professional develop-
ment that support its integration into daily teaching practices. Furthermore, this review
highlights the need for cautious interpretation of existing data, prompting leaders to en-
courage and participate in additional research that examines the diverse factors influencing
its effectiveness.

While most of the included meta-analysis studies achieved moderate quality (AMSTAR-2),
the robustness of the evidence is mostly low or very low (GRADE); therefore, it is advised
that the outcomes from this umbrella review should be considered cautiously. Further
research should be conducted to understand the contextual and educational variables that
moderate the effectiveness of formative assessment. More specifically, research is needed to
distinguish effectiveness based on gender groups and school types, such as socio-economic
demographics and coeducational and single-sex settings, to improve the generalizability
of findings. Overall, the present findings are encouraging for those looking to utilize
formative assessment to enhance teaching practices and student learning.
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