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Abstract 
 

Objective: To determine the effects of formative assessment interventions and strategies 

aimed at optimising the learning outcomes in children and adolescents. 

Design: A systematic review and meta-analysis. 

Data sources: After searching PsycInfo, ERIC, Education Research Complete, A+ 

Education and Scopus electronic university databases, there were 3689 potentially eligible 

studies published between January 1, 2002 to December 31, 2022. 

Eligibility criteria for selecting studies: This study includes randomised controlled trials, 

quasi-experimental studies, and controlled trials that assessed the effect of a formative 

assessment-based strategy or intervention against learning outcomes in students attending 

either primary or secondary years of schooling (i.e., aged 5–18 years). 

Results: Thirty-eight (38) studies with over 16,000 participants and 43 calculated effect 

sizes were included in the final analysis. The sample size adjusted mean effect across all the 

learning and development outcomes was of a small to medium magnitude (Hedges’ 

g=0.31), 95% confidence interval [CI] (0.29 to 0.39). After applying the Duval and 

Tweedie (2000) Trim and Fill Method to account for publication bias, the average effect 

size was adjusted to g=0.16. Effect sizes also varied significantly based on whether they 

targeted cognitive, psychomotor, or affective learning outcomes. Only a small proportion 

(less than 10%) of formative assessment interventions examined in this systematic review 

indicated a detrimental impact on student learning and development. 

Conclusion: Formative assessment interventions consistently have a positive effect on 

student learning in both primary and secondary school settings across psychomotor, 

affective, and cognitive learning domains. However, the reported effect of formative 
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assessment interventions in previous meta-analytic studies appears to have been inflated by 

the inclusion of studies that suffer from weaker study designs. Furthermore, the scope of 

studies included in this systematic review and meta-analysis showed even studies with 

stronger study designs were plagued with poor methodological quality and substantial 

publication bias. Moreover, the evidence reported is limited by consistency in intervention 

dosage, study design, and data collection instruments. 
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CHAPTER 1 

 

Introduction 

 

1.1 Background 
 

The terms "formative assessment" (Bloom, 1968) and "assessment for learning" 

(Mittler, 1973) have existed in the educational literature for over 50 years, however, 

widespread utilisation of these terms in teaching practice has only emerged in the past few 

decades. While there is ongoing debate regarding consistent terminology in this field, 

recent literature indicates the presence of a substantial body of studies sharing a common 

purpose of formative assessment. These studies span multiple domains of learning and can 

be effectively combined for meta-analytic synthesis (Ozan & Kincal, 2018). 

 

According to Moss and Brookhart (2019), formative assessment is a process of 

gathering information about students' learning progress during the instructional process. It 

aims to provide teachers with feedback about their students' understanding of concepts and 

skills in real-time, enabling them to adjust their teaching to meet students' needs. Formative 

assessment is often contrasted with summative assessment, which evaluates student 

learning at the end of a unit or course. 

 

Formative assessment can take many forms, including observation, questioning, 

self-assessment, peer-assessment, and teacher feedback (Wylie & Lyon, 2016). For 

example, teachers may use student-generated questions, exit tickets (i.e., tests of knowledge 

before leaving a class), or quick quizzes to gather information about students' 



 

 2 

 

 

understanding of a topic and identify areas for further instruction. Alternatively, teachers 

may use self-assessment tools that encourage students to reflect on their learning and 

provide feedback to their peers (Wylie & Lyon, 2016). 

 

Traditionally, formative assessment was seen as a way for teachers to monitor 

student progress, identify gaps in knowledge, and adjust their teaching to meet students' 

needs (Heritage, 2007). This often involved administering tests and quizzes and grading 

them to assess students' understanding of a particular topic. While this approach provided 

some valuable feedback to teachers, it often failed to engage students actively in their own 

learning and did not provide them with an opportunity to self-reflect and improve their own 

learning (Brookhart, 2011). 

 

In recent times, the notion of formative assessment has undergone a transformation, 

placing students at the forefront of their own learning journey. These contemporary 

interpretations of formative assessment encompass a variety of assessment strategies that 

empower students to actively monitor their progress, recognise their strengths and 

weaknesses, and take appropriate steps to enhance their learning (Forrest, 2018). 

Additionally, they involve leveraging technology to gather and analyse data pertaining to 

students' learning progress (Bhagat & Spector, 2017; Elmahdi, Al-Hattami, & Fawzi, 

2018). This may include the utilisation of online assessment tools that offer teachers real-

time feedback on students' grasp of specific topics. Such tools often incorporate dashboards 

and visualisations, enabling teachers to promptly identify areas of proficiency and areas 

that require attention, thereby enabling them to tailor their instruction to meet the needs of 

their students (West, 2012). 
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Formative assessment continues to be extensively researched and discussed in the 

literature for the numerous advantages it affords for both students and teachers. For 

students, it has been long argued formative assessment plays a decisive role in enhancing 

learning outcomes by enabling them to pinpoint specific areas requiring focused attention 

and effort (Black & Wiliam, 1998; Hattie & Timperley, 2007). It is also believed that 

formative assessment may foster a growth mindset by instilling the belief that mistakes are 

valuable opportunities for learning and growth (Dweck, 2006). Moreover, some researchers 

claim that formative assessment actively engages students in the learning process and 

therefore enhances student engagement and motivation (Heritage, 2010). 

 

For teachers, seminal formative assessment research argues that it serves as a 

powerful tool for identifying areas where students may be struggling, allowing for timely 

interventions and adjustments in instruction to address their needs (Sadler, 1989; Wiliam, 

2011). Furthermore, it is positioned as a means that provides invaluable feedback on the 

effectiveness of teaching strategies that enables teachers to reflect on their practices, make 

necessary modifications, cultivate teacher-student relationships, afford opportunities for 

personalised feedback, foster individual growth, and build trust (Popham, 2008).  

 

Formative assessment, despite its reported benefits, poses several pedagogical and 

implementation challenges. One significant challenge is the substantial time and effort 

demanded to effectively execute formative assessment practices. This encompasses 

designing and administering assessments, analysing the gathered data, and subsequently 

adapting teaching strategies accordingly (Heritage, 2007). Moreover, successful 
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implementation of formative assessment often necessitates extensive professional 

development to ensure that teachers possess the requisite skills and knowledge to utilise 

assessment strategies effectively (Guskey, 2007; Darling-Hammond & McLaughlin, 2011). 

 

Whilst formative assessment has now become part of contemporary educational 

thought and vernacular, it is Dylan Wiliam and Paul Black who are credited with its 

popularity. In their definition, they describe formative assessment as the set of activities 

undertaken by teachers and/or students to provide feedback and modify teaching and 

learning activities (Black & Wiliam, 1998b, pp. 7–8). This definition offers multiple areas 

of focus for conducting formative assessment and to some extent explains the evolution in 

the concept in the last 25 years.  

 

In a paper published later that year, Black and Wiliam (1998a) sought to determine 

the efficacy of formative assessment in educational practice. They conducted a detailed 

synthesis of the literature on formative assessment that has been widely cited and is still 

considered a seminal paper on the subject. They pointed out that there is a certain level of 

cohesiveness within the formative assessment literature, but the underlying differences 

between studies are such that amalgamating their results would not be meaningful. That 

said, the authors themselves have stated that they did not use any quantitative meta-analytic 

techniques on the data they gathered to support their claims statistically.  

 

Black and Wiliam (1998a) also pointed out that the pedagogy associated with each 

study in their synthesis paper is likely to be very different from one study to the next, and 

that researchers tend not to collect or report the same type of information about their 
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studies, leading to a lack of conceptualisation of the issues involved with formative 

assessment. 

 

Notwithstanding these constraints, the work of Black and Wiliam (1998a) stands 

out as the most frequently referenced evidence supporting the favourable influence of 

formative assessment practices on student achievement, with over 3000 CrossRef citations 

at the time of writing. Black and Wiliam (1998a) specifically reported that formative 

assessment experiments yielded typical effect sizes ranging from .4 to .7 of a standard 

deviation, showcasing substantial improvements in student learning. Moreover, they noted 

that these effect sizes exceeded those commonly observed for other educational 

interventions (Black & Wiliam, 1998a). 

 

Since the original review conducted by Black and Wiliam (1998a) on formative 

assessment, researchers have frequently referenced their reported effect sizes as evidence 

supporting the use of formative assessment in educational settings. For instance, Yeh 

(2010) includes Black and Wiliam (1998a), among other studies, to support the assertion 

that the effect size for testing feedback is at least .7 of a standard deviation in student 

learning.  

 

A commentary piece featured in a leading education journal emphasised the 

significant influence of Black and Wiliam's seminal review as the most frequently cited 

reference on formative assessment, contributing to the widely accepted notion that 

"Everyone knows that formative assessment improves learning" (Shepard, 2005, p. 8). The 

authors further asserted that formative assessment surpasses other typical educational 
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interventions, yielding effect sizes ranging from .4 to .7, signifying its profound impact on 

learning outcomes (Shepard, 2005). 

 

Similarly, in a study published in the very same year, it was contended that 

formative assessment, as supported by Black and Wiliam's work and when utilised 

effectively, stands as one of the most potent tools available for informing classroom 

decisions (Dorn, 2010). 

 

Black and Wiliam's (1998a) review of formative assessment, while highly 

influential, has faced scrutiny regarding the magnitude of the effects attributed to it. 

Subsequent researchers, such as Dunn and Mulvenon (2009), have raised concerns about 

methodological issues (i.e., confounding treatments, non-equivalent groups) and limitations 

present in the studies included in Black and Wiliam's review.  

 

Another study used to support Black and Wiliam's claims, conducted by Martinez 

and Martinez (1992), examined the effects of assessment frequency on student achievement 

but did not adequately consider key elements associated with formative assessment, such as 

feedback and instructional differentiation. Critiques of Black and Wiliam's review suggest 

that the studies cited may not actually provide sufficient support for the claimed effects of 

formative assessment. Rather, they argue that instead of making definitive claims, Black 

and Wiliam should have highlighted the need for further empirical research in the field of 

formative assessment at the time (Dunn & Mulvenon, 2009). 
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Although these critical reviews of the seminal Black and Wiliam (1998a) paper 

offer valuable insights into the literature, they do not constitute the insight that can be 

drawn through meta-analyses. In other words, whilst they all agree that the processes of 

formative assessment may provide worthwhile learning effects in students, they cannot 

speak to the magnitude of that effect. Furthermore, it is important to note that critical 

reviews rely on reviewer judgment and are challenging, if not impossible, to replicate. 

Finally, the disparate conclusions being drawn in these critical reviews occur despite 

examining the same set of studies, emphasising the complexities and subjectivity inherent 

in evaluating the efficacy of formative assessment from a strictly qualitative perspective. 

 

1.2 Previous Meta-Analyses of Formative Assessment 
 

Recognising the limitations in the initial meta-analytic work conducted on formative 

assessment since the Black and Wiliam (1998a) review, Kingston and Nash (2011) 

conducted their own meta-analytic study that combined the results of studies that assessed 

the impact of using formative assessment practices in K-12 (i.e., students aged 5-18) 

classrooms (independent variable) on student achievement (dependent variable) in an effort 

to identify strategies that may help maximise the effects of the formative assessment 

process. The final sample consisted of 13 studies with 42 independent effect sizes. While 

the formative practices varied greatly across the studies analysed, they all have one 

common defining feature, which is that information was gathered and used with the intent 

of assisting in the learning and teaching process.  
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Of the 42 effect sizes identified by Kingston and Nash (2011), 19 were based on 

mathematics formative assessment, 12 on reading, language arts, or writing, 10 on science, 

and one on music. With respect to grade level categories of students, two effect sizes 

involved students in Kindergarten through the 4th grade (i.e, students aged between 

approximately 5-10 years), 16 involved 5th through 7th graders (i.e, students aged between 

approximately 10-14 years), 16 involved 8th through 9th graders (i.e, students aged 

between approximately 14-16 years), and eight involved 10th through 12th graders (i.e, 

students aged between approximately 16-18 years). 

 

Interestingly, the Kingston and Nash (2011) meta-analysis managed to identify five 

approaches to formative assessment that were emanating from the literature. They were 

1. Professional development which was defined as involving educators spending a 

period of time learning and focusing on how to implement various aspects of 

formative assessment techniques (e.g., comment-only marking, self-assessment, 

etc.) into their respective classroom instruction.  

2. Curriculum-embedded assessment which required teachers to manage open-ended 

formative assessments at critical points throughout the curriculum instruction 

process so that they able to gain an understanding of the students’ learning 

progression. 

3. Use of a computer-based formative assessment which involved the online 

management of indicator level tests that in turn provided progress reports to 

teachers. They may have also incorporated a tutoring feature in the form of student-

level learning scaffold, assessment rubric, or learning sequence. 
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4. Use of feedback which required teachers to provide students with detailed feedback 

about their performance prior to any summative assessment as a guide for them to 

understand their learning processes.  

5. Finally, various other types of formative assessment were recognised. These 

encompassed classroom assessments, designed to furnish teachers with insights into 

student progress and inform adjustments to their teaching approaches. Furthermore, 

students may have also been encouraged to engage in reflection to evaluate their 

learning journey, and/or verbal assessment techniques were integrated into ongoing 

classroom activities through assessment conversations. 

 

Whilst identification of these categories of formative assessment interventions are 

useful and provide a potential filter for future reviews, they are limited by the dependant 

variable being student achievement and thereby limiting the scope of learning and 

development that formative assessment strategies may be influencing. In their recent meta-

analysis of physical education interventions, Dudley et al (2022) synthesised learning and 

development interventions deriving from up to four learning domains (i.e., cognitive, 

affective, social, and psychomotor). It therefore may be worthwhile considering whether 

formative assessment interventions have been utilised outside of developing merely 

cognitive learning domain outcomes. 

 

Furthermore, Kingston and Nash’s (2011) calculation and analysis of effect sizes 

require greater attention as meta-analytic techniques have advanced substantially in the last 

decade (Borenstein et al., 2021). First, the effect size used to quantify the magnitude of the 

relationship between the independent variable and the dependant variable in the Kingston 
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and Nash (2011) study were based on Cohen’s d. However, given that none of the 13 

included studies had samples that contained more than 23 participants (six studies had 

participants numbered in single digits), other indices of standardised difference might have 

been considered. Case in point, Hedges (1981, p. 111) showed that Cohen’s d estimates are 

positively biased by small studies and proposed that unbiased standardised effect estimates 

were needed for meta-analytic studies with small sample sizes. Compared to Cohen’s d, 

Hedges' g estimates the standardised difference between the means of two populations by 

providing a bias correction (using the exact method) to Cohen's d for small sample sizes 

(<20 participants). That said, effect size calculations are roughly equivalent for both d and 

g when the analysis incorporates more than 20 participants (Hedges, 1981). 

 

Another evolution in analysis of effect sizes that was not reported by Kingston and 

Nash (2011) was a full suite of tests of heterogeneity. Tests of heterogeneity determine the 

variability among the included studies in terms of their outcomes. It is a critical 

consideration in meta-analytical studies as it can significantly impact the validity and 

generalisability of the findings. 

 

When conducting a meta-analysis, the primary objective is to synthesise the results 

from multiple individual studies to derive an overall estimate of the effect of the 

phenomena under investigation. However, the presence of substantial heterogeneity among 

the included studies poses challenges in accurately interpreting any estimate of effect. A 

high degree of heterogeneity indicates substantial differences in the studied populations, 

interventions, study designs, and/or measurement methods. 
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Borenstein et al (2021) argue that reporting a comprehensive suite of heterogeneity tests is 

crucial to ensure the reliability and rigor of the conclusions drawn from meta-analyses are 

maintained. Kingston and Nash (2011) however only reported two tests of heterogeneity 

which were the Q-statistic (Cochran, 1954) and the I2 statistic (Higgins & Thompson, 

2002). Borenstein et al (2021) and Rücker et al (2008) recommend that in addition to both 

Q and I2 statistics, that at least a Tau statistic (T2) and a prediction interval are also included 

in the tests of heterogeneity. 

 

Finally, several included studies were derived from unpublished Masters or 

Doctoral theses, there was no reporting of where study designs show risk of bias (i.e., 

quality of study methodology), and no statistical calculation of publication bias (neither a 

selection model nor a funnel-plot-based method) that might exist in the universe of studies 

included in their analysis. According to Lin and Chu (2017), publication bias is a serious 

problem in meta-analyses, which can affect the validity and generalisation of conclusions 

being drawn and is therefore important to report methodological factors that expose risk of 

bias and also quantify publication bias using measures that permit comparisons between 

different meta-analyses.  

 

In 2015, Graham and colleagues conducted a meta-analysis of formative assessment 

practices and writing performance (Graham et al., 2015). They sought to determine whether 

formative writing assessments that were directly tied to everyday classroom teaching could 

enhance writing performance in students between grades 1-8. The strength of their meta-

analytic technique was they only included true and quasi-experimental studies in their 
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analysis however nine of these studies were located in unpublished Masters or Doctoral 

dissertations rather than in peer-reviewed journal articles. 

 

Graham et al. (2015) employed a methodology that involved calculating an average 

weighted effect size when there was a minimum of four independent comparisons assessing 

the effectiveness of formative assessment strategies. The findings of their study revealed a 

statistically significant improvement in writing performance through formative writing 

assessments. However, the adjusted weighted effect sizes varied across different feedback 

sources, with a higher effect size of dadj=0.87 observed when feedback was provided by 

adults, while a lower effect size of dadj=0.38 was observed when feedback was received 

from a computer. 

 

Like Kingston and Nash (2011), Graham et al (2015) report limited measures of 

heterogeneity in their meta-analyses (Q and I2 statistics only) and there is no reporting of 

risk of bias nor an analysis of any publication bias. 

 

In 2017, the Institute of Education Sciences within the U.S. Department of 

Education commissioned Klute and colleagues to review the evidence of formative 

assessment and elementary school student academic achievement (Klute et al., 2017). Of 

the 30 separate effect sizes they calculated, the mean effect size of formative assessment on 

student achievement was just over a quarter of a standard deviation (d=0.26). The average 

effect size for formative assessment in mathematics was reported as d=0.36 but only d=0.22 

for reading and d=0.21 for writing. The range of effect sizes was also substantive. They 

ranged from d=-0.46 to d=1.22 (Klute et al., 2017). 
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The meta-analytic limitations of the Klute et al (2017) study include the absence of 

any statistical test of heterogeneity. Heterogeneity is only discussed in broad qualitative 

terms throughout the report. Secondly, like earlier reviews on this topic, there is an absence 

of risk of bias reporting and statistical calculations of publication bias. 

 

Most recently, Lee and colleagues (2020) published a systematic review and meta-

analysis on the effectiveness and features of formative assessment in the United States 

education system between grades K-12. They studied the features of formative assessment 

interventions and their impacts on student learning. In their analyses of 33 studies which all 

included a control condition, there was an overall small positive effect of formative 

assessment on student learning (d=0.29). Unlike previous systematic reviews and meta-

analyses, Lee et al (2020) conducted further investigations using meta-regression analyses. 

By doing so, they were able to report that supporting student-initiated self-assessment 

(d=0.61) and providing formal formative assessment evidence (e.g., written feedback on 

quizzes; d=0.40) via a medium-cycle length (within or between instructional units; d=0.52) 

improved the effectiveness of formative assessments. 

 

This most recent meta-analysis by Lee et al (2020) instigated several strengths to 

their design that had not occurred in the three earlier meta-analytic studies. The first was 

only including studies that had a control/comparison group. This substantially increased the 

causal generalisability of their findings. The second was the inclusion of a meta-regression 

analysis that they used to determine the factors within the formative assessment 

interventions that were contributing to the changes in the observed variance. They also 

calculated their effect sizes using Hedge’s g (Hedges, 1981) to adjust for the upward bias of 
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including studies with a small sample size. Finally, they performed two separate statistical 

tests of publication bias (i.e., Egger’s Intercept test - Egger, Smith, Schneider, & Minder, 

1997; and Trim and Fill method - Duval & Tweedie, 2000) from their universe of studies. 

 

However, the Lee et al (2020) meta-analysis was limited by not reporting any 

heterogeneity analysis of the included studies. Furthermore, studies were limited to the 

context of being implemented in the United States and 14 of the 33 studies included in the 

analysis were derived by unpublished Masters or Doctoral dissertations rather than peer-

reviewed journal articles.  

 

It is important at this point to acknowledge that while meta-analyses always possess 

limitations, they can effectively supplement qualitative judgment-based reviews. There are 

significant differences present across the spectrum of studies initially reviewed by Black 

and Wiliam (1998a) and it is likely that these differences extend to any set of studies related 

to the examination of formative assessment. By limiting the inclusion criteria in future 

meta-analyses, it is possible to focus on a more homogenous set of studies, which may in 

turn yield outcomes with greater insight.  

 

Additionally, Black and Wiliam's (1998a) argument that pedagogical differences 

across studies reduce the feasibility of conducting a meta-analysis is a challenge faced by 

any meta-analyst (Glass, 2000). That is, mean effect sizes produced in a meta-analysis may 

not be meaningful if aggregated over studies with disparate independent or dependent 

variables (Lipsey & Wilson, 2001). Nevertheless, contemporary meta-analytic techniques 

can provide evidence regarding the compatibility of results and whether combining them 
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would result in meaningful outcomes. In other words, contemporary meta-analyses aim not 

only to determine a grand average effect size but also to identify potential sources of 

variability in study findings. 

 

Finally, all meta-analyses of formative assessment in the literature to date have 

focussed exclusively on learning derived from the cognitive learning domain. Many 

scholars now argue that a holistic and integrated understanding of learning is warranted to 

understand human development whereby psychomotor and affective learning are also 

considered (Baxter Magolda, 2000; Kolb & Kolb, 2009). 

 

For clarity, psychomotor, affective, and cognitive learning are distinct domains that 

encompass different aspects of a student’s learning process. Understanding these domains 

facilitates an understanding of the multifaceted nature of any learning outcomes being 

measured. 

 

Cognitive learning primarily focuses on intellectual abilities, knowledge 

acquisition, and higher-order thinking skills. It involves the development and application of 

cognitive processes such as comprehension, analysis, synthesis, and evaluation (Hoque, 

2016). Cognitive learning is often associated with the acquisition of information, problem-

solving abilities, critical thinking, and conceptual understanding. 

 

On the other hand, affective learning refers to the development of attitudes, values, 

beliefs, and emotions that influence learners' motivation, interests, and behaviours. It 

encompasses the emotional and social aspects of learning, including self-awareness, 



 

 16 

 

 

empathy, interpersonal skills, and ethical values (Hoque, 2016). Affective learning aims to 

foster positive attitudes, ethical decision-making, and social-emotional development. 

 

Lastly, psychomotor learning pertains to the development of physical skills, 

coordination, and motor abilities. It involves the acquisition and refinement of motor skills 

through practice and physical performance, such as kicking a football, playing a musical 

instrument, or even handwriting (Hoque, 2016). Psychomotor learning emphasises hands-

on experiences, muscle memory, and the integration of sensory and motor processes. 

 

By recognising these three domains of learning in the educational literature, 

educators and researchers can gain a deeper appreciation of the true effect and potential of 

formative assessment strategies employed in their teaching practices. 

 

1.3 Research Questions 
 

As such, the research questions in the present analysis are as follows: 

1. What is the sample size adjusted effect size, heterogeneity, and publication bias evident 

of formative assessment interventions on learning and development in primary and 

secondary school settings?  

2. To what extent is the reported effect size, heterogeneity, and publication bias of 

formative assessment on learning and development constrained by learning domain? 

3. What extent is the reported effect size, heterogeneity, and publication bias on learning 

and development limited by specific formative assessment practices in primary and 

secondary school settings?  
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CHAPTER 2 

 

Methods 
 

2.1 Protocol and Registration  
 

To enhance the reporting rigor, the PRISMA 2020 Checklist (Page et al., 2021) was 

adhered to as closely as possible considering that this systematic review and meta-analysis 

focused on educational literature rather than clinical or medical science. Furthermore, since 

the study did not primarily examine health-related outcomes, it was not eligible for 

registration with the International Prospective Register of Systematic Reviews. 

 

Covidence(TM) software, as reviewed by Babineau (2014), was used in the title and 

abstract screening, full-text review, methodological quality, and data extraction phases of 

the study. Covidence(TM) is an online software tool that manages and organises the process 

of creating systematic reviews.  

 

2.2 Eligibility Criteria and Study Selection  
 

To be eligible for inclusion in the review, studies needed to meet the following 

criteria: (1) Participants: school-aged children and adolescents aged 5–18 years old that 

were enrolled in school. No children were excluded regardless of specific learning needs; 

(2) Intervention characteristics included studies that used formative assessment(s) at school 

as the intervention medium; (3) Comparison: control group that received the regular 

instruction or no formative assessment; (4) Outcomes: psychomotor (e.g., gross motor skill, 

motor competence, fundamental movement skill acquisition), cognitive (e.g., executive 
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function, memory, attention, academic scores); or affective (e.g., motivation, self-esteem, 

self-efficacy, enjoyment, self-regulation) outcomes; (5) Study design: randomised 

controlled trials (RCTs), quasi experimental trials (QEs), and controlled trials (CTs).  

 

2.3 Search Strategy  
 

The search strategy entailed explorations of the A+ Education, Education Research 

Complete, ERIC, PsycInfo, and Scopus electronic databases. To ensure a comprehensive 

overview of the field, the search involved studies published for the last 20 years between 

1st January 2002 and 31st December 2022. The search itself took place over five days 

between 3rd January to 8th January 2023. Only peer-reviewed journal articles published in 

English were included.  

 

To identify relevant research, a series of blocked search terms were constructed. 

The first group (Block 1) identified relevant participants. These included variations of 

"adolesc*" OR "child*" OR "youth" OR "teen*" WITH “school” respectively. The second 

block of search terms identified published studies that were pertinent to formative 

assessment (Block 2). This included the terms “formative assessment” OR “assessment for 

learning” OR “feedback”. The last group of search terms identified research that 

implemented relevant study designs (Block 3) and included variations of intervention, 

“random* control trial” OR quasi-experiment* OR “control trial” OR “program” OR 

“comparison”. The blocked search terms were then merged (Block 1 AND Block 2 AND 

Block 3) to be applied simultaneously in the electronic databases. Given the outcomes of 

interest included three learning domains, each representing a diversity of learned skill and 



 

 19 

 

 

aptitude, this study did not specify any outcome search terms. Rather, the use of the 

screening process was used to identify studies with appropriate learning outcomes residing 

within each of the learning domains. 

 

To complement the database searches, a bi-directional screening of articles was 

conducted using previously published systematic reviews in formative assessment. Bi-

directional screening is a method where a reviewer screens all references within an article 

and any articles that cited the article (Hinde & Spackman, 2015). This process aims to 

include relevant articles that may have been missed through traditional database searching. 

 

2.4 Data Collection Process  
 

All articles captured in the initial database search and complementary bi-directional 

screening were uploaded into the CovidenceTM review management software library. This 

software automatically removes any duplicate studies it detects. Titles and abstracts for the 

remaining studies were then reviewed by at least two independent reviewers from five 

different Australian universities (Macquarie University -DD, Griffith University - SW, 

University of Queensland –MJ; EH, Western Sydney University - EM, and the University 

of New South Wales - HD) for inclusion or exclusion into the systematic review, with any 

conflicts resolved using a third reviewer. Articles were excluded that were clearly unrelated 

to the topic, while those with the potential to be relevant were retained. This was followed 

by two reviewers independently screening the full-text articles for inclusion with any 

conflicts resolved using an independent third reviewer. Only those articles that met the 

study's inclusion criteria were retained. For each study, the following data was extracted: 
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(1) authors' names, publication year, and country of the study; (2) number of participants; 

(3) details about the formative assessment intervention, including pedagogical model, 

instruction model, and policy change; (4) information about the instruments used to 

measure psychomotor, cognitive, and affective social learning; (5) the targeted intervention 

site, such as primary or secondary school; and (6) results for all groups regarding the 

parameters of interest. Table 1 provides a summary of the included studies based on 

learning outcomes, study design, country, intervention mode, and intervention site. The 

meta-analysis of these data is presented through a series of forest plots based on the 

learning domain level of analysis (i.e., combined, cognitive, psychomotor, and affective 

learning effect). 

 

2.5 Quality of Individual Studies  
 

The methodological quality of the included articles after screening was completed 

using a 10-item quality assessment scale adapted from Van Sluijs et al. (2007) (see Table 

1). Adapted versions of this tool have been used previously to report the quality of 

methodologies in educational research (Cotton et al., 2019; Dudley et al., 2015; Dudley et 

al, 2020; Dudley et al., 2022).  

 

For each article included, two reviewers conducted independent assessments to 

determine the presence or absence of each assessed item. If an item was not adequately 

described, it was considered absent. In cases where there was not 100% agreement between 

the reviewers, a third reviewer evaluated the paper and made a final determination 

regarding the disputed item's presence or absence.  
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Table 1  
 
Methodological quality assessment items (Adapted from van Sluijs et al., 2007) 
 

Item Description 

A Key baseline characteristics are presented separately for treatment groups and for randomised controlled trials and controlled 

trials, positive if baseline outcomes were statistically tested and results of tests were provided. 

B Randomisation procedure clearly and explicitly described and adequately carried out (generation of allocation sequence, 

allocation concealment and implementation) 

C Validated measures of learning (validation in same age group reported and/or cited) 

D Drop out reported and ≤20% for < 6-month follow-up or ≤30% for ≥6-month follow-up 

E Blinded outcome variable assessments 

F Learning assessed a minimum of 6 months after pre-test 

G Intention to treat analysis used (participants analysed in group they were originally allocated to, and participants not excluded 

from analyses because of noncompliance to treatment or because of some missing data)  

H Potential confounders accounted for in outcome analysis (e.g. baseline score, group/cluster, age) 

I Summary results for each group + treatment effect (difference between groups) + its precision (e.g. 95% confidence interval) 

J Power calculation reported, and the study was adequately powered to detect hypothesized relationships 
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2.6 Risk of Publication Bias  
 

To determine the presence of publication bias in the studies, two statistical tests 

were implemented. The first test, Classic Fail-Safe N (Orwin, 1983), calculates the number 

of studies with an effect size of zero or less that would need to be added to the meta-

analysis for the reported effect to lose statistical significance (p<0.05). The second test, 

Trim and Fill (Duval and Tweedie, 2000) is a three-step method that aims to identify and 

correct for funnel plot asymmetry resulting from publication bias.  

 

Funnel plot asymmetry refers to an asymmetrical distribution of data points in a 

funnel plot, which is a graphic display commonly used in meta-analysis. In a funnel plot, 

the size of each study is plotted against its effect size. The plot usually exhibits a funnel-

shaped pattern, where smaller studies are dispersed widely at the bottom and larger studies 

are clustered more closely towards the top (See Figure 3 as an example). 

 

In a symmetrical funnel plot, the spread of points on both sides of the plot is 

roughly the same, and the plot is centred around an overall effect estimate. However, in an 

asymmetric funnel plot, the spread of points is uneven on one or both sides, suggesting that 

some studies are reporting effect sizes that differ from the overall estimate. 

 

Asymmetry in a funnel plot may indicate the presence of publication bias, where 

studies with statistically significant results are more likely to be published and included in 

the meta-analysis, while those with non-significant results are less likely to be published or 
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included. Other sources of bias, such as selective outcome reporting or heterogeneity in 

study characteristics, can also contribute to funnel plot asymmetry.  

 

To determine an adjusted effect size estimate if funnel plot asymmetry is evident 

initially involves the removal of smaller studies that cause funnel plot asymmetry. The 

second step involves the estimation of the true "centre" of the funnel plot using the trimmed 

data. In the final step, the trimmed studies and their missing "equivalents" are replaced 

around the centre. The adjusted intervention effect estimate is obtained by performing a 

meta-analysis that includes the filled studies. Additionally, the Trim and Fill method 

provides an estimate of the number of missing studies either side of the original mean 

estimate. 

 

2.7 Data Synthesis and Analysis  
 

The statistical analyses for this study were performed using Comprehensive Meta 

Analysis software (version 4.1). The random-effects model was employed according to the 

method outlined by DerSimonian and Laird (2015) to analyse the effects of the 

interventions. The effect sizes were expressed as standardized effect size (Hedges' g) to 

facilitate comparisons with other educational research studies whilst still adjusting for 

studies that had small sample sizes (Lin & Aloe, 2021). It is important to note that when 

multiple intervention groups utilising different strategies were included in a study, their 

data were analysed as independent studies. Furthermore, when a study reported results for 

more than one learning domain outcome, the data were analysed separately at the domain 

level.  
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Additionally, in cases where multiple tests assessing the same learning outcome 

variable were incorporated within a single study, a combined standardised effect size was 

computed (Borenstein, 2021). A random effects model was also employed to compare the 

differences in effect sizes between formative assessment interventions based on learning 

outcomes (e.g., cognitive, psychomotor, affective) and the pedagogical or intervention 

approach (e.g., peer assessment, computer-assisted feedback). When more than one age, 

grade, or class cohorts were incorporated into a study, their data were examined as 

combined samples. Finally, when multiple measurements were reported at follow-up, only 

the last measurement was considered in the analysis.  

 

Heterogeneity was evaluated and reported across all studies, as well as at the 

learning domain level, using a range of complementary statistical analyses. These included 

the Q statistic, inconsistency index (I2), Tau statistic (T2), and prediction interval. The Q 

statistic tested the null hypothesis of whether all studies in the model shared a common 

effect size. The I2 statistic indicated the proportion of observed variance attributed to actual 

changes in effect sizes rather than sampling error. The T2 statistic determined the variance 

of true effect sizes, while the prediction interval provided a confidence interval (with 95% 

confidence limits) that encompassed the range of true effect sizes for all observed samples.  
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CHAPTER 3 

 

Results 
 

3.1. Study selection 
 

The university database search strategy identified a total of 5,071 studies that were 

potentially eligible for inclusion. Through bidirectional screening, an additional 38 studies 

from four previously published reviews (Graham et al., 2015; Klute et al., 2017; Lee et al., 

2020; Kingston & Nash, 2011) were added, resulting in a total of 5,109 studies for 

screening. After removing duplicate publications using CovidenceTM (n=1404), 3,705 

papers underwent an assessment of their titles and abstracts. Out of these, 3,592 papers 

were deemed irrelevant by two reviewers based on their title and abstract, leaving 113 

papers that underwent a full-text review. 

 

At this stage, an additional exclusion criterion was added due to the number of title 

and abstracts revealing feedback was being used as an intervention strategy. Therefore, 

during the full-text review phase, interventions that used feedback were required to 

explicitly articulate how this was occurring formatively and not merely summatively. 

Consequently, an additional 74 studies were excluded by double-blinded consensus (as 

previously discussed) and their reasons for exclusion are detailed in the flowchart in Figure 

1. 
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Figure 1 

Flowchart of study selection 
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3.2. Study characteristics 
 

There were 39 studies remaining from the study selection process that subjected to 

quality assessment and data extraction (See Table 2). Thirty (30) studies were conducted in 

primary/elementary schools and nine (9) studies were conducted in secondary schools. 

They consisted of 18 randomised controlled trials, 12 controlled trials, and nine (9) quasi-

experimental studies. Across the three learning domains of interest, most studies targeted a 

cognitive learning or development outcome (n=29). The remaining studies targeted an 

affective (n=6) or psychomotor (n=5) learning or development outcome. It is important to 

note that one study targeted more than one learning domain which is why there is a 

disparity in the number of studies recorded. 

 

Overall, the studies captured by the systematic review process came from 18 

different countries and included over 16,000 school student participants. 
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Table 2  
An overview of the studies extracted from papers and included in the systematic review/meta-analysis 

 

Author (Year) 

 

Country Study 

Design 

Sample 

Size 

Primary Mode of Formative 

Assessment Intervention 

Targeted Learning 

Domain(s) 

Targeted Level of 

Schooling 

Alitto et al (2016) USA RCT 57 Peer-assessment Cognitive Primary School 

Andrade et al (2008) USA CT 116 Self-assessment Cognitive Primary School 

Beekman et al (2021) The Netherlands RCT 974 Peer & self-assessment Cognitive Primary School 

Berger et al (2019) Australia QE 211 Computer-based feedback Affective Secondary School 

Bohan et al (2022) Ireland QE 38 Group contingency Affective Secondary School 

Bonneton-Botté et al (2020) France CT 233 Computer-based feedback Psychomotor Primary School 

Bottge et al (2021) USA CT 31 Computer-based feedback Cognitive Secondary School 

Bush (2021) USA RCT 1052 Computer-based feedback Cognitive Primary School 

Cáceres et al (2021) Chile QE 64 Scaffolded elaborated feedback Cognitive Primary School 

Chan et al (2019) Hong Kong RCT 276 Assessment for Learning Affective & Psychomotor Primary School 

Chen et al (2021) Taiwan RCT 55 Collaborative reading annotation Cognitive Primary School 

Cohen et al (2012) USA RCT 97 Aligned developmental feedback  Psychomotor Primary School 

Damhuis et al (2015) The Netherlands CT 61 Repeated testing with feedback Cognitive Primary School 

Damhuis et al (2016) The Netherlands QE 202 Individualised feedback Cognitive Primary School 

Dao et al (2021) Vietnam CT 34 Peer assessment Cognitive Secondary School 

Decristan et al (2015) Germany RCT 722 Assessment for Learning & Peer 

assessment 

Cognitive Primary School 

Fidalgo et al (2015) Spain RCT 41 Peer assessment Cognitive Primary School 

Förster et al (2018) Germany RCT 462 Learning progress assessment Cognitive Primary School 

Fyfe & Rittle-Johnson 

(2016) 

USA RCT 49 Computer-based feedback Cognitive Primary School 

Gaintza & Goikoetxea 

(2016) 

Spain CT 41 Immediate feedback & self-

assessment 

Cognitive Primary School 

Gamlem et al (2019) Norway CT 1165 Responsive pedagogy Cognitive Secondary School 

Gedikli & Buldur (2022) Turkey QE 24 Self-assessment Cognitive Primary School 

Gijlers et al (2013) The Netherlands RCT 29 Computer-based feedback Cognitive Primary School 

Heir & Eckert (2014) USA RCT 103 Performance feedback Cognitive Primary School 
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Kegel & Bus (2012) The Netherlands RCT 152 Computer-based feedback Cognitive Primary School 

Koedinger et al (2010) USA QE 1240 Computer-based feedback Cognitive Secondary School 

Luquin & García Mayo 

(2021) 

Spain CT 38 Model corrective feedback Cognitive Primary School 

Meyan & Greer (2010) USA CT 7795 Computer-based feedback Cognitive Primary School 

Nord et al (2017) Sweden RCT 365 Immediate feedback Psychomotor Secondary School 

Prinsen et al (2013) The Netherlands QE 189 Computer-supported collaboration 

(Peer assessment) 

Cognitive Primary School 

Puklavec et al (2021) Croatia CT 38 Video & verbal feedback Psychomotor Primary School 

Roll et al (2011) Canada CT 58 Immediate metacognitive 

feedback 

Affective Secondary School 

Simmons et al (2015) USA RCT 156 Curriculum embedded measures Cognitive Primary School 

Sukhram & Monda-Amaya 

(2017) 

USA RCT 60 Corrective feedback Cognitive Secondary School 

Tavsanli et al (2021) Turkey QE 40 Graphic organisers Cognitive Primary School 

Truckenmiller et al (2014) USA RCT 85 Performance feedback Cognitive Primary School 

Vidal-Abarca et al (2014) Spain CT 25 Computer-based feedback Cognitive Primary School 

Wong (2017) Singapore QE 146 Self-assessment Affective Primary School 

Yin et al (2014) USA RCT 50 Embedded formative assessment Cognitive Primary School 

 

Note: RCT=Randomised Controlled Trial; CT=Controlled Trial; QE=Quasi-experimental 
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3.3. Risk of bias based on quality of individual studies 
 

The assessment of methodological quality, as presented in Table 3, indicated 

significant variation in reporting among the 39 studies included in the analysis. Only a fifth 

(20%) of the papers fulfilled five or more of the quality assessment criteria outlined by van 

Sluijs et al. (2007). Among the least frequently reported quality assessment criteria in these 

studies were appropriate power calculations (5%; n=2), learning assessments conducted at 

least six months after pre-tests (8%, n=3), and blinded assessments (10%; n=4). By 

contrast, the most frequently reported items were key baseline characteristics being 

reported and statistically tested (74%, n=29), a summary of key findings (difference 

between groups) with reported precision (51%, n=20) and the reporting of validated 

measurement instruments (49%, n=19) respectively. 
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Table 3  

Results of methodological quality assessment 

Paper 

No 

Author (Year) Methodological Quality Assessment Items No. of 

criteria 

met A B C D E F G H I J 

1 Alitto et al (2016) ✔ ✔ ✔ 
    

✔ ✔ ✔ 6 

2 Andrade et al (2008) ✔          1 

3 Beekman et al (2021) ✔ ✔ ✔   ✔     4 

4 Berger et al (2019) ✔  ✔      ✔  3 

5 Bohan et al (2022) ✔  ✔        2 

6 Bonneton-Botté et al 

(2020) 
✔       ✔   2 

7 Bottge et al (2021) ✔          1 

8 Bush (2021)     ✔   ✔   2 

9 Cáceres et al (2021) ✔       ✔   2 

10 Chan et al (2019) ✔ ✔ ✔    ✔ ✔ ✔ ✔ 7 

11 Chen et al (2021)           0 

12 Cohen et al (2012) ✔          1 
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13 Damhuis et al (2015) ✔  ✔      ✔  2 

14 Damhuis et al (2016) ✔        ✔  2 

15 Dao et al (2021) ✔          1 

16 Decristan et al (2015)   ✔ ✔    ✔ ✔  4 

17 Fidalgo et al (2015) ✔       ✔ ✔  3 

18 Förster et al (2018) ✔  ✔   ✔ ✔ ✔ ✔  6 

19 Fyfe & Rittle-Johnson 

(2016) 

   ✔    ✔ ✔  3 

20 Gaintza & Goikoetxea 

(2016) 
✔  ✔ ✔     ✔  4 

21 Gamlem et al (2019)      ✔  ✔   2 

22 Gedikli & Buldur (2022)   ✔    ✔  ✔  3 

23 Gijlers et al (2013) ✔          1 

24 Hier & Eckert (2014) ✔  ✔        2 

25 Kegel & Bus (2012) ✔  ✔ ✔ ✔   ✔ ✔  6 

26 Koedinger et al (2010)     ✔   ✔   2 

27 Luquin & García Mayo 

(2021) 
✔      ✔    2 
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28 Meyan & Greer (2010)       ✔ ✔   2 

29 Nord et al (2017) ✔ ✔  ✔ ✔     ✔ 5 

30 Prinsen et al (2013) ✔   ✔   ✔ ✔ ✔  5 

31 Puklavec et al (2021)   ✔      ✔  2 

32 Roll et al (2011)         ✔  1 

33 Simmons et al (2015) ✔  ✔    ✔ ✔ ✔  5 

34 Sukhram & Monda-Amaya 

(2017) 
✔ ✔ ✔      ✔  4 

35 Tavsanli et al (2021) ✔  ✔      ✔  3 

36 Truckenmiller et al (2014) ✔  ✔ ✔    ✔ ✔  5 

37 Vidal-Abarca et al (2014) ✔ ✔ ✔        3 

38 Wong (2017) ✔  ✔    ✔    3 

39 Yin et al (2014) ✔   ✔     ✔  3 

% of criteria present 74%

n=29 

15%

n=6 

49%

n=19 

21%

n=8 

10%

n=4 

8% 

n=3 

21% 

n=8 

41%

n=16 

51%

n=20 

5% 

n=2 
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3.4. Summary of evidence 
 

Out of the 39 studies included a total of 44 effect sizes were analysed and focused 

on learning outcomes in the cognitive, affective, and/or psychomotor learning domains. In 

total, 24 distinct intervention strategies were identified across the included studies. 

However, one study (Dao et al., 2021) was removed from the subsequent meta-analyses due 

to the fact it reported an effect size that was greater than 0.6 of a standard deviation to the 

nearest reported effect size estimate of the next closest study and the reported standard error 

did not overlap. Hence, the final analyses were derived from a universe of 43 effect sizes 

from 38 studies. 

 

 3.4.1. Combined learning effects of formative assessment 
 

As mentioned previously, all analyses conducted in this study focused on formative 

assessment interventions targeting specific learning variables among students aged 5-18 

years attending primary and/or secondary schools, where the school itself served as the 

intervention site. In each study, students were assigned to either: 

i) a formative assessment intervention (intervention condition), or  

ii) ii) their regular curricula or a comparative pedagogy (control/comparison 

condition).  

The effect size calculated for each outcome variable was the standardised mean 

difference (Hedges' g) between the intervention and control groups at the end of the 

intervention period or at a later follow-up point. The studies included in this analysis were 

selected from a defined universe of potential studies based on the previously established 
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inclusion/exclusion criteria. Therefore, a random-effects model was employed, and the 

conclusions drawn from the analysis pertain to that specific universe of studies. 

 

3.4.1.1 Do formative assessment interventions improve combined student learning 

outcomes? 

When combined across learning domains and intervention medium, the formative 

assessment interventions included in this meta-analysis had a significant positive effect on 

student outcomes, Z=7.492, p<0.001. The standardised difference in means when adjusting 

for sample size was g=0.31 (95% CI [0.23, 0.39]), meaning that on average, students 

receiving a formative assessment intervention improved their learning or development by 

nearly a third of a standard deviation compared with those students who received their 

usual curriculum or pedagogy. Primary/elementary school interventions reported a slightly 

higher average effect size of g=0.35, whilst interventions conducted in secondary schools 

were substantially lower at g=0.20. 
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Figure 2  

Combined effect of formative assessment by standardised difference in means (Hedges’ g) 

 

Note: Q=343.24; I2=87.76%; T=0.07 

Study name Subgroup within study Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper Relative Relative 

g error Variance limit limit Z-Value p-Value weight weight

Chan et al 2019b Combined Perceived competence & enjoyment -0.261 0.071 0.005 -0.400 -0.122 -3.677 0.000 3.35

Forster et al 2018 Combined Reading -0.193 0.071 0.005 -0.332 -0.054 -2.724 0.006 3.35

Bonneton-Botte et al 2020 Handwriting test Handwriting skills -0.162 0.133 0.018 -0.423 0.098 -1.221 0.222 2.68

Decristan et al 2015b Peer Assessment Science Item Difficulty -0.005 0.095 0.009 -0.191 0.181 -0.053 0.958 3.10

Fidalgo et al 2015 Combined Writing quality 0.002 0.155 0.024 -0.302 0.306 0.014 0.989 2.44

Decristan et al 2015a Formative Assessment Science Item Difficulty 0.011 0.091 0.008 -0.167 0.188 0.119 0.905 3.15

Sukhram et al 2017 Fluency Reading 0.027 0.255 0.065 -0.473 0.527 0.106 0.916 1.54

Bohan et al 2022 Combined Academically engaged behaviour 0.041 0.338 0.114 -0.622 0.703 0.120 0.904 1.07

Koedinger et al 2010a Regular Mathematic achievement 0.080 0.075 0.006 -0.066 0.226 1.068 0.286 3.31

Gamlem et al 2019a Norwegian National Test Mathematic achievement 0.097 0.063 0.004 -0.027 0.221 1.536 0.124 3.42

Gamlem et al 2019b Combined Mathematic affective learning 0.108 0.027 0.001 0.055 0.161 3.985 0.000 3.66

Meyen et al 2010 Combined Mathematic achievement 0.113 0.019 0.000 0.076 0.149 6.045 0.000 3.69

Berger et al 2019 CDSE Decision Self Efficacy 0.158 0.137 0.019 -0.111 0.428 1.152 0.249 2.63

Prinsen et al 2013 Combined Reading achievement 0.189 0.147 0.022 -0.099 0.478 1.287 0.198 2.53

Simmons et al 2015 Combined Literacy 0.221 0.113 0.013 -0.001 0.442 1.950 0.051 2.91

Damhuis et al 2015 Combined Vocabulary Acquisition 0.221 0.179 0.032 -0.130 0.573 1.233 0.217 2.18

Beekman et al 2021b Combined Self & External Regulation 0.264 0.040 0.002 0.185 0.343 6.553 0.000 3.59

Caceres et al 2021 Mathematic test Mathematic achievement 0.278 0.248 0.062 -0.209 0.764 1.118 0.263 1.59

Fyfe et al 2016 Immediate feedback Mathematic problem solving 0.282 0.283 0.080 -0.272 0.836 0.998 0.318 1.36

Bottge et al 2021 Mathematics test Mathematic achievement 0.283 0.624 0.389 -0.940 1.505 0.453 0.650 0.39

Hier et al 2014 CBM-WE Written expression 0.293 0.197 0.039 -0.093 0.678 1.487 0.137 2.02

Beekman et al 2021a Combined Self & External Regulation 0.321 0.043 0.002 0.237 0.405 7.504 0.000 3.57

Truckenmiller et al 2014 Correct writing sequence Writing 0.340 0.290 0.084 -0.228 0.908 1.172 0.241 1.31

Kegel et al 2012 Tudor feedback Literacy skills 0.362 0.163 0.026 0.043 0.681 2.223 0.026 2.36

Cohen et al 2012 Combined Overhand Throwing 0.380 0.102 0.010 0.180 0.580 3.725 0.000 3.03

Yin et al 2014 Exam performance Science achievement 0.387 0.281 0.079 -0.165 0.938 1.374 0.169 1.36

Bush 2021 Mathematics test Mathematic achievement 0.406 0.062 0.004 0.284 0.528 6.528 0.000 3.43

Gaintza et al 2016 Combined Spelling 0.447 0.219 0.048 0.017 0.877 2.036 0.042 1.81

Alitto et al 2016 Combined Writing achievement 0.460 0.109 0.012 0.247 0.672 4.234 0.000 2.96

Luqui et al 2021 Model feedback Secondary Language Acquisition 0.461 0.322 0.104 -0.171 1.093 1.430 0.153 1.14

Koedinger et al 2010b Special Ed Mathematic achievement 0.488 0.152 0.023 0.189 0.786 3.200 0.001 2.47

Nord et al 2017 Feedback CPR performance 0.506 0.108 0.012 0.295 0.717 4.705 0.000 2.97

Roll et al 2011 Help condition Self regulation 0.519 0.264 0.070 0.003 1.036 1.969 0.049 1.48

Chen et al 2021 Reading test Reading comprehension 0.540 0.271 0.073 0.009 1.070 1.992 0.046 1.43

Chan et al 2019a Overall FMS Fundamental Movement Skills 0.589 0.123 0.015 0.348 0.830 4.792 0.000 2.80

Gijlers et al 2013 Combined Science knowledge 0.600 0.265 0.070 0.080 1.120 2.263 0.024 1.47

Damhuis et al 2016 Combined Vocabulary Acquisition 0.655 0.084 0.007 0.490 0.820 7.782 0.000 3.22

Vidal-Abarca et al 2014 PISA Test Reading Literacy 0.688 0.399 0.159 -0.094 1.471 1.724 0.085 0.83

Andrade 2008 Essay scores Writing achievement 0.855 0.197 0.039 0.469 1.240 4.345 0.000 2.02

Wong 2017 Combined Perceived achievement 0.882 0.086 0.007 0.713 1.052 10.218 0.000 3.20

Puklavec et al 2021 Video Feedback all errors Motor development 1.100 0.353 0.124 0.408 1.791 3.119 0.002 1.00

Gedikli et al 2022 MAIfC Scientific metacognition 1.208 0.431 0.186 0.363 2.052 2.802 0.005 0.74

Tavsanli et al 2021 Combined Writing 1.832 0.264 0.070 1.315 2.349 6.944 0.000 1.48

0.310 0.041 0.002 0.229 0.390 7.492 0.000

-2.50 -1.25 0.00 1.25 2.50

Favours Control/Comparison Favours Intervention

Combined Effect of Formative Assessment Interventions

Q=343.235; I2=87.76%; T2=0.069
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3.4.1.2 How much does the effect size vary across studies (Heterogeneity)? 

The Q-value is 343.236 with 42 degrees of freedom and p<0.001. Thus, it is 

recognised that the true effect size is not identical in all studies. 87.76% (I²) of the variance 

in this observed effect is due to variance in true effects rather than sampling error. The T² is 

0.069 representing the variance of true effect sizes and T is 0.262. The prediction interval is 

-0.13 to 0.75 therefore it would be expected the true effect size for 95% of all students 

receiving the formative assessment interventions to fall within this range. 

 

3.4.1.2. To what extent would publication bias or the small-study effect alter these 

findings? 

The Classic fail-safe analysis showed that the incorporated data from the 43 

observed effect sizes yielded a z-value of 16.41 and corresponding 2-tailed p<0.0001. The 

fail-safe N suggests that 2973 ‘null’ effects would need to be included in the meta-analytic 

model for a combined 2-tailed of p>0.05 (i.e., for the reported effect to be nullified). 

 

Duval and Tweedie’s (2000) ‘Trim and Fill’ results suggest that 14 small studies 

should be trimmed from the left of the mean to determine the true ‘centre’ of the funnel plot 

and replace them with missing equivalents around the centre. The adjusted standardised 

effect size of this publication bias correction reduced the reported effect size from g=0.31 

to g=0.16 (See Figure 3).  
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Figure 3  

Funnel plot of standard error with observed and imputed studies by standardised difference in means (Hedges’ g) (Combined Student 

Learning effects) 

 

Note: White=Observed studies & effect; Black=Imputed studies & adjusted effect 

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.0

0.2

0.4

0.6

0.8

S
ta

n
d

a
rd

 E
rr

o
r

Hedges's g

Funnel Plot of Standard Error by Hedges's g



 

 39 

 

 

3.4.2. Cognitive learning effects of formative assessment 
 

There were 29 studies reporting formative assessment intervention strategies that 

sought to improve cognitive learning or development, therefore 31 effect sizes are captured 

in this meta-analysis. Of these 29 studies, 21% (n=6) of the papers met five or more of the 

quality assessment criteria. 

 

3.4.2.1 Which formative assessment interventions most affect students’ cognitive learning 

and development? 

The included formative assessment interventions had a significant positive effect on 

cognitive outcomes, Z = 6.465, p<0.001. The standardised difference in means adjusting for 

sample size for all cognitive interventions was g=0.29 (95% CI [0.20, 0.38]; see Figure 4), 

meaning that on average, students receiving an intervention improved their cognitive 

learning or development by nearly a third of a standard deviation compared with those 

students who did not receive the same intervention. 

 

There were 16 studies that reported having a sample size adjusted effect size greater 

than the domain average of g=0.29. Five studies utilised computer-based feedback (Bush, 

2021; Gijlers et al, 2013; Kegel & Bus, 2012; Koedinger et al, 2010; Vidal-Abarca et al, 

2014) three incorporated self-assessment (Andrade et al, 2008; Gaintza & Goikoetxea, 

2016; Gedikli & Buldur, 2022), two used peer assessment (Alitto et al, 2016; Gaintza & 

Goikoetxea, 2016) or performance feedback (Heir & Eckert, 2014; Truckenmiller et al, 

2014), and the remainder used graphic organisers (Tavsanli et al, 2021), individualised 



 

 40 

 

 

feedback (Damhuis et al, 2016), model-corrective feedback (Luquin & Garcia Mayo, 

2021), or curriculum embedded formative assessment practices (Yin et al, 2014).
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Figure 4 

Cognitive effect of formative assessment by standardised difference in means (Hedges’ g) 

Note: Q=177.09; I2=83.06%; T=0.18 

Study name Subgroup within study Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper Relative Relative 

g error Variance limit limit Z-Value p-Value weight weight

Forster et al 2018 Combined Reading -0.193 0.071 0.005 -0.332 -0.054 -2.724 0.006 5.19

Decristan et al 2015b Peer Assessment Science Item Difficulty -0.005 0.095 0.009 -0.191 0.181 -0.053 0.958 4.70

Fidalgo et al 2015 Combined Writing quality 0.002 0.155 0.024 -0.302 0.306 0.014 0.989 3.48

Decristan et al 2015a Formative Assessment Science Item Difficulty 0.011 0.091 0.008 -0.167 0.188 0.119 0.905 4.80

Sukhram et al 2017 Fluency Reading 0.027 0.255 0.065 -0.473 0.527 0.106 0.916 2.04

Koedinger et al 2010a Regular Mathematic achievement 0.080 0.075 0.006 -0.066 0.226 1.068 0.286 5.12

Gamlem et al 2019a Norwegian National Test Mathematic achievement 0.097 0.063 0.004 -0.027 0.221 1.536 0.124 5.33

Gamlem et al 2019b Combined Mathematic affective learning 0.108 0.027 0.001 0.055 0.161 3.985 0.000 5.83

Meyen et al 2010 Combined Mathematic achievement 0.113 0.019 0.000 0.076 0.149 6.045 0.000 5.90

Prinsen et al 2013 Combined Reading achievement 0.189 0.147 0.022 -0.099 0.478 1.287 0.198 3.63

Simmons et al 2015 Combined Literacy 0.221 0.113 0.013 -0.001 0.442 1.950 0.051 4.32

Damhuis et al 2015 Combined Vocabulary Acquisition 0.221 0.179 0.032 -0.130 0.573 1.233 0.217 3.05

Caceres et al 2021 Mathematic test Mathematic achievement 0.278 0.248 0.062 -0.209 0.764 1.118 0.263 2.11

Fyfe et al 2016 Immediate feedback Mathematic problem solving 0.282 0.283 0.080 -0.272 0.836 0.998 0.318 1.77

Bottge et al 2021 Mathematics test Mathematic achievement 0.283 0.624 0.389 -0.940 1.505 0.453 0.650 0.48

Hier et al 2014 CBM-WE Written expression 0.293 0.197 0.039 -0.093 0.678 1.487 0.137 2.78

Truckenmiller et al 2014 Correct writing sequence Writing 0.340 0.290 0.084 -0.228 0.908 1.172 0.241 1.71

Kegel et al 2012 Tudor feedback Literacy skills 0.362 0.163 0.026 0.043 0.681 2.223 0.026 3.34

Yin et al 2014 Exam performance Science achievement 0.387 0.281 0.079 -0.165 0.938 1.374 0.169 1.78

Bush 2021 Mathematics test Mathematic achievement 0.406 0.062 0.004 0.284 0.528 6.528 0.000 5.35

Gaintza et al 2016 Combined Spelling 0.447 0.219 0.048 0.017 0.877 2.036 0.042 2.46

Alitto et al 2016 Combined Writing achievement 0.460 0.109 0.012 0.247 0.672 4.234 0.000 4.42

Luqui et al 2021 Model feedback Secondary Language Acquisition 0.461 0.322 0.104 -0.171 1.093 1.430 0.153 1.46

Koedinger et al 2010b Special Ed Mathematic achievement 0.488 0.152 0.023 0.189 0.786 3.200 0.001 3.53

Chen et al 2021 Reading test Reading comprehension 0.540 0.271 0.073 0.009 1.070 1.992 0.046 1.88

Gijlers et al 2013 Combined Science knowledge 0.600 0.265 0.070 0.080 1.120 2.263 0.024 1.93

Damhuis et al 2016 Combined Vocabulary Acquisition 0.655 0.084 0.007 0.490 0.820 7.782 0.000 4.93

Vidal-Abarca et al 2014 PISA Test Reading Literacy 0.688 0.399 0.159 -0.094 1.471 1.724 0.085 1.04

Andrade 2008 Essay scores Writing achievement 0.855 0.197 0.039 0.469 1.240 4.345 0.000 2.78

Gedikli et al 2022 MAIfC Scientific metacognition 1.208 0.431 0.186 0.363 2.052 2.802 0.005 0.92

Tavsanli et al 2021 Combined Writing 1.832 0.264 0.070 1.315 2.349 6.944 0.000 1.95

0.290 0.045 0.002 0.202 0.378 6.465 0.000

-2.50 -1.25 0.00 1.25 2.50

Favours Control/Comparison Favours Intervention

Cognitive Effect of Formative Assessment Interventions

Q=343.235; I2=87.76%; T2=0.069
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3.4.4.2 Heterogeneity of cognitive effects 

The Q-value for effects in the cognitive domain was 177.094 with 30 degrees of 

freedom and p<0.001. The I² is 83.06%, T² is 0.034 and T is 0.184. The prediction interval 

is -0.099 to 0.679 and therefore it is expected the true effect size for 95% of all students 

receiving a formative assessment intervention to improve cognitive learning and 

development to fall within this range. 

 

3.4.4.3 To what extent would publication bias alter these findings? 

The results of the Classic fail-safe analysis showed that the incorporated data from 

31 effects yielded a z-value of 12.334 and corresponding 2-tailed p<0.0001. The fail-safe N 

in this case is 1197 suggesting that this many ‘null’ effects would need to be included for a 

combined 2-tailed p>0.05 (i.e., for the effect to be nullified). According to the ‘Trim and 

Fill’ analysis, 13 effects could be trimmed from the left of the mean to reduce the potential 

publication bias. The adjusted standardised effect size for formative assessment 

interventions on cognitive learning in this case would be decreased to g=0.10 or one tenth 

of a standard deviation (See Figure 5). 
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Figure 5 

Funnel plot of standard error with observed and imputed studies by standardised difference in means (Hedges’ g) (Cognitive Student 

Learning effects) 

 

Note: White=Observed studies & effect; Black=Imputed studies & adjusted effect 
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3.4.4. Psychomotor learning effects of formative assessment 
 

There were five (5) studies with five independent or combined effect sizes that 

examined the psychomotor learning and development occurring as the result of a formative 

assessment intervention. 40% (n=2) of these five papers met five or more of the quality 

assessment criteria. 

 

3.4.4.1 Which formative assessment interventions most affect student psychomotor learning 

and development? 

The included formative assessment interventions had a significant positive effect on 

psychomotor outcomes, Z = 2.741, p<0.001. The standardised difference in means 

adjusting for sample size was g=0.42 (95% CI [0.118, 0.713]), meaning that students 

receiving the intervention improved their psychomotor learning and development by nearly 

a half of a standard deviation on average relative to those students who did not receive the 

intervention (See Figure 6). 

 

Only three studies, each reporting a different formative assessment strategy 

intervention, reported a sample adjusted effect size greater than the psychomotor learning 

domain average of g=0.42. One study incorporated video feedback (Puklavec et al., 2021), 

one used curriculum-embedded assessment for learning practice (Chan et al., 2019), and 

one implemented immediate feedback (Nord et al., 2017).
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Figure 6 

Psychomotor effect of formative assessment by standardised difference in means (Hedges’ g) 

 

Note: Q=25.09; I2=84.06%; T=0.30 

Study name Subgroup within study Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper Relative Relative 
g error Variance limit limit Z-Value p-Value weight weight

Bonneton-Botte et al 2020 Handwriting test Handwriting skills -0.162 0.133 0.018 -0.423 0.098 -1.221 0.222 21.47

Cohen et al 2012 Combined Overhand Throwing 0.380 0.102 0.010 0.180 0.580 3.725 0.000 23.03

Nord et al 2017 Feedback CPR performance 0.506 0.108 0.012 0.295 0.717 4.705 0.000 22.76

Chan et al 2019a Overall FMS Fundamental Movement Skills 0.589 0.123 0.015 0.348 0.830 4.792 0.000 21.99

Puklavec et al 2021 Video feedback Motor development 1.100 0.353 0.124 0.408 1.791 3.119 0.002 10.76

0.416 0.152 0.023 0.118 0.713 2.741 0.006

-2.50 -1.25 0.00 1.25 2.50

Favours Control/Comparison Favours Intervention

Psychomotor Effect of Formative Assessment Interventions

Q=343.235; I2=87.76%; T2=0.069
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3.4.4.2 Heterogeneity of psychomotor effects 

The Q-value for these effects was 25.089 with 4 degrees of freedom and p<0.001 

(I²=84.06%; T²=0.089; T=0.299). The prediction interval is -0.6489 to 1.4809 with the true 

effect size for 95% of all students receiving the interventions to fall within this range. 

 

3.4.4.3 To what extent would publication bias alter these findings? 

The results of the Classic fail-safe analysis showed that the incorporated data from 

effects yielded a z-value of 6.762 and corresponding 2-tailed p<0.0001. The fail-safe N in 

this case is 55. The ‘Trim and Fill’ analysis indicates two studies should be trimmed from 

the left of the mean to reduce the potential publication bias. This would result in an 

adjusted effect of g=0.25 (See Figure 7). 
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 Figure 7 

Funnel plot of standard error with observed and imputed studies by standardised difference in means (Hedges’ g) (Psychomotor 

Student Learning effects)  

 

Note: White=Observed studies & effect; Black=Imputed studies & adjusted effect
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3.4.5. Affective learning effects of formative assessment 
 

There were six (6) studies with seven (7) calculated effect sizes that examined the 

affective learning resulting from formative assessment interventions. 17% (n=1) of these 

papers met five or more of the methodological quality assessment criteria. 

 

3.4.4.1 Which formative assessment interventions most affect student affective learning? 

The included formative assessment interventions had a significant positive effect on 

affective learning, Z = 2.175, p=0.03. The standardised difference in means for all affective 

learning interventions when adjusting for sample size was g=0.28 (95% CI [0.028, 0.531]; 

see Figure 9), meaning that on average, students receiving the formative assessment 

intervention improved their affective learning by just over a quarter of a half of a standard 

deviation compared with those students who did not receive the intervention. 

 

Again, only three studies, each reporting a different formative assessment strategy 

intervention, reported a sample adjusted effect size greater than the affective learning 

domain average of g=0.28. One study incorporated self-assessments (Wong, 2017), one 

used metacognitive feedback (Roll et al., 2011), and one implemented peer assessment 

(Beekman et al., 2021).  
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Figure 8 

Affective effect of formative assessment by standardised difference in means (Hedges’ g) 

 

Note: Q=109.76; I2=94.53%; T=0.31 

Study name Subgroup within study Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper Relative Relative 
g error Variance limit limit Z-Value p-Value weight weight

Chan et al 2019b Combined Perceived competence & enjoyment -0.261 0.071 0.005 -0.400 -0.122 -3.677 0.000 16.65

Bohan et al 2022 Combined Academically engaged behaviour 0.041 0.338 0.114 -0.622 0.703 0.120 0.904 7.93

Berger et al 2019 CDSE Decision Self Efficacy 0.158 0.137 0.019 -0.111 0.428 1.152 0.249 14.61

Beekman et al 2021b Combined Self & External Regulation 0.264 0.040 0.002 0.185 0.343 6.553 0.000 17.25

Beekman et al 2021a Combined Self & External Regulation 0.321 0.043 0.002 0.237 0.405 7.504 0.000 17.21

Roll et al 2011 Help condition Self regulation 0.519 0.264 0.070 0.003 1.036 1.969 0.049 10.09

Wong 2017 Combined Perceived achievement 0.882 0.086 0.007 0.713 1.052 10.218 0.000 16.26

0.280 0.129 0.017 0.028 0.531 2.175 0.030

-2.00 -1.00 0.00 1.00 2.00

Favours Control/Comparison Favours Intervention

Affective Learning Effect of Formative Assessment Interventions

Q=343.235; I2=87.76%; T2=0.069



 

 50 

 

 

3.4.4.2 Heterogeneity of affective effects 

The Q-value for these effects is 109.762 with 6 degrees of freedom and p<0.001 

(I²=94.534%; T²=0.094; T=0.307). The prediction interval is -0.574 to 1.134 with the true 

effect size for 95% of all students receiving the interventions to fall within this range. 

 

3.4.4.3 To what extent would publication bias alter these findings? 

The results of the Classic fail-safe analysis showed that the incorporated data from 7 

effects yielded a z-value of 9.01 and corresponding 2-tailed p<0.0001. The fail-safe N in 

this case is 141. The ‘Trim and Fill’ analysis indicates that no studies need to be trimmed 

from either side of the mean in order to achieve funnel plot symmetry, hence, no 

adjustment of the reported effect can be made for publication bias. (See Figure 9). 
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Figure 9 

Funnel plot of standard error with observed and imputed studies by standardised difference in means (Hedges’ g) (Affective Student 

Learning effects) 

 

 

Note: White=Observed studies & effect; Black=Imputed studies & adjusted effect 
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CHAPTER 4 

 

Discussion 
 

The aim of the systematic review and meta-analysis was to systematically evaluate 

the impact of formative assessment on students’ learning and development. Research 

question one sought to determine the sample size adjusted effect size, heterogeneity, and 

publication bias evident of formative assessment interventions on learning and development 

in primary and secondary school settings. The 39 studies found formative assessment had a 

significant effect on all learning and development domains of interest. Thus, not only can 

formative assessment operate as a mechanism for enhancing learning and development 

broadly, but specific interventions also have additive impacts over and above regular 

classroom instruction and pedagogy.  

 

These findings are consistent with the earlier meta-analytic work of Kingston and 

Nash (2011), Graham et al (2015), Klute et al (2017), and Lee et al (2020) supporting the 

positive effect formative assessment has on student learning and development but indicates 

that these earlier reported effects may be inflated because they include studies of weaker 

design, do not adjust their effect sizes for sample size, fail to report on the multi-

dimensional nature of learning and development, and do not report the inflationary effects 

of publication bias. 

 

This systematic review has highlighted that the possible inflationary effect caused 

by the lack of methodological quality of formative assessment interventions warrants 

attention. Eight of the 10 methodological assessment criteria assessed in this systematic 
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review revealed that less than 50% of the studies meet the stated criterion. Five 

methodological assessment criteria reviewed in the pool of studies had less than a quarter of 

the reviewed studies achieve them. This highlights a significant concern in drawing 

inference into the effect that formative assessment has on student learning and 

development. Rutkowski and Delandshere (2016) identify interpretations made with a high 

degree of risk of bias and methodological shortcomings of educational assessment studies 

as the most significant constraint on drawing causal inference from educational 

interventions. They conclude that RCT, CT and QE designs of educational assessment 

interventions play a vital role in developing an understanding of essential phenomena in 

educational research. Furthermore, they contend that many such studies contribute to the 

increased understanding of educational systems and allow both policy makers and 

researchers to explore the effect of assessment in greater depth (Rutkowski & Delandshere, 

2016). Whilst the use of RCTs, CTs, and QEs in educational assessment research remains a 

paradigmatic contention (Pampaka et al., 2016), this study does demonstrate that greater 

attention to the methodological quality of such approaches to educational research require 

far more attention if they are to continue influencing the decisions made around formative 

assessment as a viable education intervention strategy.  

 

Speaking to the inflationary effects reported by formative assessment interventions, 

by only incorporating studies that were RCTs, CTs, and QEs in this meta-analysis along 

with examining different learning domains and adjusting for sample size, the overall 

standardised effect size of formative assessment interventions was g=0.31. This represents 

an effect size estimate at the lower range of the four meta-analytic studies previously 

published [Kingston & Nash, 2011 (d=0.32); Graham et al., 2015 (d=0.38); Klute et al., 
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2017 (d=0.29); Lee et al., 2020 (d=0.29)] and below the lower margin of ES=0.4 claimed 

by the seminal Black and Wiliam (1997) paper. 

 

However, when the accounting for publication bias, the adjusted effect size for 

formative assessment interventions on learning and development would be reduced to as 

little as g=0.16. This should serve as significant alarm for educators and researchers in this 

discipline about the need for a greater range of formative assessment studies to be reported 

in the empirical literature. As highlighted by Bennett (2011), it may be that the field has not 

been able to clearly articulate and agree on the scope of formative assessment strategies 

being used in education or that only specific high yield formative assessment strategies in 

certain educational disciplines are finding their way into empirical publications. 

 

Chambers (2017) has written quite extensively on the causes of publication bias and 

the pursuit of affirmative and high yield findings in the education and psychology literature. 

He contends that the disposition of journals seeking to publish affirmative outcomes 

proliferates publication bias in the educational and psychological literature due to the 

inherent characteristics of conventional statistical analyses these researchers typically 

employ. Especially in RCTs, CT, and QE research designs. Specifically, Chambers (2017) 

argues that publication bias occurs because affirmative findings are actively seeking to 

reject the null hypothesis in support of the alternative hypothesis. Following this line of 

argument, applying null hypothesis significance testing as the statistical default framework 

only quantifies the probability of observing an effect of equal or greater magnitude under 

the assumption that the null hypothesis holds true. This approach however, does not 

estimate the probability of the null hypothesis itself being accurate. Instead, p-values can 
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only ever provide an estimation of the likelihood of observing the specific effect 

determined to be sufficient to qualify as a high yield outcome (based on the study’s power 

or sample size), rather than determining the likelihood of a particular hypothesis being valid 

considering the observed effect. 

 

Consequently, whilst a statistically significant finding permits an educational 

researcher to reject their null hypothesis, a statistically non-significant result does not 

provide grounds for the researcher to embrace it. In the case of statistically non-significant 

results, the researcher's conclusion is restricted to the possibility that null hypothesis may 

hold true, or that the data might lack the sensitivity to detect the observed effect determined 

to be sufficient to qualify as a high yield outcome. Therefore, drawing definitive 

conclusions from statistically non-significant findings inherently remains inconclusive and 

often not worthy of publication in leading education and psychology journals (Chambers, 

2017). 

 

Whilst the preference of journals towards disseminating affirmative findings 

constitutes a catalyst for the emergence of publication bias in the educational literature; 

nevertheless, it reveals merely part of the overarching issue. What else remains is the 

relentless pursuit of originality and/or novelty in educational interventions (Kristjánsson, 

2012). To contend for coveted publication in high impact journals, submissions are 

compelled to either embrace an innovative methodological framework or yield a ground-

breaking discovery, if not, both. Most of the empirical outlets that serve as conduits for 

educational research evaluate the worthiness of submitted manuscripts, at least partially, 

through the prism of novelty and originality (Chambers, 2017). Even a rapid review of 
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literature published in the last 12 months reveals that authors frequently affirm their use of 

a ‘novel-approach’ being undertaken in their research pertaining to formative assessment 

(i.e., Al‐Zohbi et al., 2023; Licchelli & Barnett, 2023; Ochsen et al., 2023; Wilkie, Ayalon, 

& Kanj, 2023). 

 

Another explanation for the decline in observed effect size attributed to formative 

assessment was accounted for in a study by Cheung and Slavin (2016). They argue that the 

growing significance of evidence in educational policy compels researchers to comprehend 

how research designs influence the reported effect sizes in experiments assessing 

educational programs. Their study delved into 645 research papers from 12 evaluation 

reviews of preschool, reading, mathematics, and science program interventions. Their 

findings report that all other study designs in this universe of educational literature exhibit 

significantly higher effect sizes compared to randomised and controlled study designs. 

Based on these findings, one of the five key recommendations the authors make to 

education policy makers and teachers is that they should assert that larger, randomised 

evaluations are being undertaken before system-wide policy or pedagogical decisions are 

made (Cheung & Slavin, 2016). Furthermore, Cheung and Slavin (2016) claim that weaker 

designed studies are seriously overstating the impact they are having on student learning. 

At a minimum, it may be that weaker designed interventions are allowing for a greater 

variation in outcomes to occur in the previous meta-analyses of formative assessment. If 

critical decisions to implement formative assessment into educational policy and practice 

are being pursued because they are based on evidence, that evidence should be as 

conclusive, and with as little variation, as possible. 
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To understand this phenomenon of diminishing effect sizes further, research 

questions two and three examined the extent to which the reported effect size, 

heterogeneity, and publication bias of formative assessment on learning and development 

were constrained by learning domain. They also examined the reported effect size estimates 

of specific formative assessment practices that were being conducted in both primary and 

secondary school settings. 

 

Case in point, this meta-analysis found that of all the studies that reported effect 

sizes greater than g=0.31, seven studies focussed exclusively on spelling, writing 

achievement or written expression (Alitto et al 2016; Andrade 2008; Fidalgo et al 2015; 

Gaintza et al 2016; Heir et al 2014; Tavsanli et al 2021; Truckenmiller et al 2014). On 

average, these studies reported a sample size adjusted effect of g=0.58. Furthermore, when 

these studies were analysed for publication bias using the Trim and Fill Method (Duval & 

Tweedie, 2000), two studies were required to be trimmed from the right of the mean before 

plot symmetry was achieved and therefore increased the reported effect size estimate to 

g=0.77. Both effect size estimates concur with the range initially expressed by Black and 

Wiliam’s (1997) seminal work. 

 

Conversely, of the five studies that focussed exclusively on reading-related learning 

outcomes (Chen et al 2021; Forster et al 2018; Prinsen et al 2013; Sukhram et al 2017; 

Vidal-Abarca et al 2014), these studies reported a sample size adjusted effect of just 

g=0.16. More alarming is that when these studies were analysed for publication bias, the 

adjusted effect size estimate drops to effectively zero (g=-0.01).  
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The importance of effect sizes for comparing results across different measures, 

groups, and intervention designs is a significant component of conducting an informative 

meta-analysis (Hattie, Rogers, & Swaminathan, 2014). To further explore the impact of 

formative assessment interventions on students' learning and development more 

comprehensively, this study conducted an analysis to examine the relative effect sizes both 

between and within learning domains, specifically the psychomotor, cognitive, and 

affective learning domains. A recent meta-analysis by Dudley and colleagues (2022) 

examined the effect of physical education-based interventions on psychomotor learning and 

development of students. They concluded that the average standardised effect of physical 

education interventions on psychomotor development to be d=0.52 based on 51 studies 

published over 25 years. Whilst this current systematic review and meta-analysis only 

uncovered five formative assessment interventions to impact on psychomotor learning, the 

sample size adjusted effect size of g=0.42 suggests that formative assessment practices 

have the potential to make a worthwhile contribution to a student’s psychomotor learning. 

However, the inflationary effects of publication bias and methodological quality of these 

formative assessment approaches in developing psychomotor learning should also be 

addressed. 

 

Whilst it is difficult to ascertain the comparative effect of formative assessment 

interventions on the affective learning of students due to a dearth of literature in the field, it 

is possible to conduct comparisons with effects in the cognitive learning domain. In 

Hattie’s (2009) seminal analysis of the school, parent, student, and teacher impacts to 

student academic achievement outcomes, the average effect size across all meta-analyses 

conducted equated to d=0.4 (Hattie, 2009). Whilst Hattie’s analysis did not investigate 
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formative assessment interventions specifically, he did report on some of the strategies and 

student groups that were captured in this systematic review as being implemented as 

formative assessment interventions.  

 

Case in point, Hattie (2010) cites Fuchs and Fuchs (1986) study as a seminal work 

that substantiates systematic formative evaluation being conducted by teachers. The 

reported standardised effect of systematic formative evaluation by teachers working with 

children with a mild intellectual disability was d=0.70. By comparison, this meta-analysis 

(based on five reported effect sizes from four different studies) found that the effect size 

estimate of formative assessment interventions on students with disabilities was only 

g=0.12 (Q = 8.691; I2 = 53.97%, p=0.07). Although a great deal of heterogeneity exists in 

this pool of studies, the disparity between the reported effect size estimates is sufficient to 

warrant scrutiny as to whether formative assessment strategies are a worthwhile educational 

investment for students who experience a disability. 

 

One of John Hattie’s strongest claims in Visible Learning (Hattie, 2009) is that 

feedback is one of the most powerful influences on student cognitive learning and 

development. He reports that the average standardised effect drawn from meta-analyses on 

student achievement as the result of feedback is d=0.73, or an improvement of nearly three 

quarters of a standard deviation compared to those students who don’t receive feedback 

(Hattie, 2009; p.173). This statistic is drawn from meta-analyses capturing some 1,287 

studies. Whilst Hattie (2009) acknowledges the considerable variability in the approaches 

to feedback, this meta-analysis, based on 22 studies, reported feedback-based formative 

assessments resulted in a sample size adjusted effect size of just g=0.33 (Q=97.199; 
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I2=78.40%, p<0.01). Given the disparity in these findings, greater scrutiny should be paid 

in future intervention into the sources and associated pedagogy in which feedback is 

deployed through formative assessments. 

 

An additional layer of complexity in this meta-analysis, missing from other meta-

analyses of formative assessment interventions to date, is that this data was of sufficient 

size and clarity to disaggregate by learning domain. Importantly, and notwithstanding the 

positive overall effects, this study found variation in the magnitude of specific interventions 

both between and within our domains of interest. It was found that only in the cognitive 

learning domain were there consistent approaches that demonstrated effectiveness above 

the average effect size estimate. However, in other learning domains (i.e., the psychomotor 

and affective learning domains), no formative assessment approaches were identified as 

being consistently greater than the combined average effect size estimate or of that within 

their respective learning domain. This can be accounted for due to the relative low number 

of formative assessment studies that have examined psychomotor and affective learning 

outcomes. However, in terms of the cognitive domain, one specific formative assessment 

strategy does consistently report above average effects.  

 

There were five studies that utilised computer-based feedback approaches to 

formative assessment (Bush, 2021; Gijlers et at., 2013; Kegel & Bus, 2012; Koedinger et 

al., 2010; Vidal-Abarca et al., 2014) and they reported a sample size adjusted effect size 

greater than the cognitive domain average (i.e., g>0.29). Closer scrutiny of the five 

computer-based feedback formative assessment interventions that yielded the higher-than-

average effect sizes reveal all five assessed students in numeracy (Bush, 2021; Koedinger et 
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al., 2010), literacy (Kegel & Bus, 2012; Vidal-Abarca et al., 2014), or science (Gijlers et 

at., 2013) learning outcomes. This finding is supported by an earlier meta-analysis 

published by Van der Kleij and colleagues (Van der Kleij et al., 2015) that investigated the 

effects of feedback in computer-based learning environments on student learning outcomes. 

The authors of this earlier meta-analysis conclude that comparable effect sizes were found 

for mathematics (d=0.93), science (d=0.40), and language (d=0.25) learning outcomes 

when computer-assisted feedback systems are employed. Furthermore, their meta-analysis 

revealed that larger effect sizes are reported by computer-based feedback systems when 

they provide elaborated feedback to students rather than simply knowledge of results or 

knowledge of correct response (Van der Kleij et al., 2015). Four of the five computer-based 

feedback interventions in this meta-analysis (Bush, 2021; Kegel & Bus, 2012; Koedinger et 

al., 2010; Vidal-Abarca et al., 2014) explicitly state that their formative assessment 

processes entailed elaborated feedback via personalised tutoring or a procedural feedback 

strategy. 

 

This systematic review also revealed that peer assessment remains a widely 

recognised strategy in the field of formative assessment and this continues to be supported 

in the existing literature base (Yan & Boud, 2021). This type of formative assessment 

strategy has garnered significant attention primarily because it is claimed to be able to 

foster student-centred learning (Tai and Sevenhuysen, 2018; Xiang et al., 2022). 

 

While it is generally believed that peer assessment positively impacts learning 

outcomes in primary and secondary school students, the findings from a recent meta-

analysis on the topic yielded mixed results. Li and colleagues (2019) conducted a meta-
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analysis that synthesised data from 58 studies, encompassing 134 effect sizes on the effects 

to which peer-assessment promoted student learning. Their findings reported that students 

who engaged in peer assessment demonstrated a notable increase in their performance, with 

a d=0.29 improvement compared to those who do not participate in such activities.  

 

Interestingly, the four formative assessment interventions that utilised a peer-

assessment strategy in this study (Alitto et al., 2016; Beekman et al., 2021; Fidalgo et al., 

2015; Prinsen et al., 2013) yielded a comparable effect size of g=0.28, even when adjusted 

for sample size. Li et al (2019) argues that rater training is the most influential factor in 

peer-assessment efficacy. They claim that students who receive training in assessing their 

peers will exhibit significantly larger effects in peer assessment compared to those who do 

not receive such training. Three of four formative assessment interventions in this study 

included a period of rater training for students undertaking peer assessments (Alitto et al., 

2016; Fidalgo et al., 2015; Prinsen et al., 2013) yet their reported effect sizes vary greatly 

between a medium effect of g=0.46 (Alitto et al., 2016) down to a negligible g=0.002 

(Fidalgo et al., 2015) 

 

Moreover, Li et al (2019) reported that computer-mediated peer assessment 

exhibited greater learning gains when compared to paper-based peer assessment. This study 

challenges this contention regarding formative assessment that utilises a peer assessment 

strategy. Whilst the number of studies are limited, only one study was uncovered in this 

review that employed a computer-assisted peer assessment procedure (Prinsen et al., 2013) 

and its reported effect on student learning was only g=0.19. When compared to the two 
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studies that utilised paper-based strategies (Alitto et al., 2016; Beekman et al., 2021), they 

reported sample size adjusted learning effects of g=0.47 and g=0.32 respectively.  

 

Limitations 
 

Although the current meta-analysis provided valuable insights into the impact of 

formative assessment interventions on the development of our targeted learning domains, 

there are noteworthy limitations to consider. Firstly, this study did not explore the dosage 

or duration of interventions for any of the specific intervention methods. Consequently, 

when comparing the different pedagogical approaches to formative assessment, it is 

essential to recognise that the results may be influenced not only by the specific approach 

itself but also by the implementation of the program. The evidence regarding the 

significance of dosage in this context is inconclusive. Future research should aim to 

disentangle the effects of individual formative assessment strategies and their frequency to 

ascertain their independent contributions as well as their combined impact on student 

learning. By conducting studies that systematically vary these factors, we can gain a deeper 

understanding of the unique benefits offered by different strategies and determine the 

optimal frequency at which they should be implemented to maximize their effectiveness. 

Such investigations would provide valuable insights for educators and policymakers 

seeking evidence-based approaches to enhance student learning outcomes. 

 

Furthermore, in studies involving multiple longitudinal follow-up assessments, it 

was crucial to select a single measurement point after the intervention. In such cases, the 

last assessment completed was chosen as the reference point. To gain a comprehensive 
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understanding of the efficacy and durability of promising formative assessment 

interventions, it is advisable for future research to examine the trajectory of change over 

time within each of the three learning domains. This will provide insights into the extent 

and duration of the intervention's effect. 

 

Additionally, it is important to note that the evidence presented in this analysis was 

not weighted based on a scientific hierarchy, such as prioritising RCTs, CTs, or QEs. 

However, the assessment of methodological quality provides an opportunity to evaluate the 

robustness of the reported study details and should be considered when interpreting the 

results. To gain further insights and enhance understanding of potential sampling biases, 

future research should consider analysing and comparing these different study designs 

separately as the body of literature grows, allowing for distinct conclusions to be drawn for 

each design. 

 

Also, it is important to acknowledge that the instruments engaged to gather data for 

each of the three domains varied among the studies included in this meta-analysis. Some 

studies utilised subjective instruments, while others relied on objective measures to assess 

identical constructs. Moreover, the constructs themselves exhibited variations within each 

domain. Additionally, as previously discussed, certain domains inherently present greater 

challenges and relative efficacy compared to others. 

 

Lastly, it is worth noting that specific outcome measures within each domain may 

differ in their sensitivity to change. Consequently, when interpreting the broad statistical 
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trends reported in this analysis, it is essential to exercise caution and consider the 

conceptual and experimental differences that exist across studies. 

 

Conclusion 
 

In conclusion, this dissertation has provided comprehensive insights into the effects 

of formative assessment interventions and strategies aimed at optimising learning outcomes 

in children and adolescents. Through a systematic review and meta-analysis, 38 studies 

encompassing over 16,000 participants were analysed, resulting in 43 calculated effect 

sizes. 

 

The findings indicate that formative assessment interventions have a small to 

medium-sized positive effect on learning outcomes, with a sample size adjusted mean 

effect of g=0.31 (95% CI: 0.29 to 0.39). However, when adjusted for publication bias using 

the Trim and Fill Method, the mean effect size decreases to as little as g=0.16. Furthermore, 

it is important to note that the reported effects vary significantly depending on the learning 

outcomes and the learning domains being targeted. Additionally, less than 10% of the 

formative assessment interventions included in this study reported a negative effect on 

student learning. 

 

Overall, this thesis concludes that formative assessment interventions consistently 

yield positive effects on student learning in both primary and secondary school settings 

across all three learning domains. However, it highlights the potential inflation of reported 

effects in previous meta-analytic studies due to the inclusion of weaker study designs. 
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Moreover, the thesis emphasises the limitations of the evidence reported, including poor 

methodological quality and substantial publication bias in the included studies. 

 

It is recommended that future research addresses these limitations by employing 

stronger study designs and addressing publication bias issues. Furthermore, studies should 

consider the consistency in intervention dosage, study design, and data collection 

instruments to facilitate more accurate and comparable findings. By doing so, researchers 

and educators can further enhance the implementation and effectiveness of formative 

assessment strategies to optimise student learning and development. 
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