'.) Check for updates

Received: 29 April 2024 Accepted: 17 April 2025

DOI: 10.1002/rev3.70066

RESEARCH REPORT Review of Education EIBERA

Can growth mindset interventions improve
academic achievement? A structured review of
the existing evidence

Carolina Gazmuri

Durham University Centre for Evidence in

Education, Durham University, Durham, UK Abstract
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9 e improving student attainment at school. This paper

offers a comprehensive review of the evidence
from growth mindset interventions. After a rigorous
search, screening and evaluation, the inclusion
criteria led to 24 studies. All were randomised
control trials (RCTs) focused on growth mindset of
intelligence interventions for school-age children and
included output measures for academic performance
assessment. Their findings reveal that the strongest
studies, characterised by larger sample sizes,
minimal missing data and high data quality, exhibit
null or very small effect sizes, ranging from Cohen's
d=-0.01 to +0.065. Additionally, certain findings
raise concerns about a potential conflict-of-interest
bias, suggesting that some negative or null results
may remain unpublished. The review identifies four
evaluations with a high degree of trustworthiness and
non-conflict of interest. Among these, two studies
indicate no discernible impact, while the other two
show a very small impact. Given these findings, we
found evidence that suggest that growth mindset
interventions targeted for school-age students, do
not have much or any relevant impact in academic
achievement. It is therefore not advisable for schools,
school districts or governments to allocate significant
time or resources to the implementation of growth
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mindset interventions for school-age students, as
the anticipated outcomes are likely to be either null
or very modest. However, if there is an opportunity
to implement such interventions at a minimal or
negligible cost, or as part of another objective, it might
be reasonable to proceed with them, considering the
potential for a small positive impact.

KEYWORDS

best evidence, educational interventions, mindset, randomised
controlled trials

Context and implications

Rationale for this study and why the new findings matterThe concept of Growth
Mindset has gained widespread popularity over the past decade, prompting
numerous organisations to offer Growth Mindset interventions and resources.
Consequently, schools, districts and governments are allocating substantial financial
resources to this area. However, the true impact of these interventions remains a
contentious issue among scholars. The findings of this study suggest that more
reliable research does not demonstrate a meaningful effect of these interventions on
students' academic outcomes.

Implications for schools, school districts and governmentsSchools, school districts
and governments should be cautious about dedicating substantial time or resources
to the implementation of growth mindset interventions for students, as the anticipated
results are likely to be limited or marginal. Nevertheless, if there are chances to
execute these interventions at a minimal or negligible expense, it could be worthwhile
to proceed, considering the possibility of achieving a slight positive effect.

INTRODUCTION

Over the past century, substantial efforts have been made worldwide to enhance students'
academic achievement. The more specific purpose of these efforts is to enhance the impact
of investment in school education systems making school attendance worthwhile, contrib-
uting to life-long benefits for students and societies in general. Until the 1990s, the primary
focus of most research was on the relationship between cognitive skills, student perfor-
mance and future outcomes. However, since the 2000s, there has been a growing body
of research that highlights the influence of non-cognitive skills on students' academic out-
comes and long-term prospects.

Some economists have suggested that non-cognitive skills are as relevant as cognitive
skills in explaining academic success, personal achievements and future earnings (Elias
& Haynes, 2008; Heckman et al., 2006; Heckman & Rubinstein, 2001). What amplifies the
relevance of non-cognitive skills in the quest to improve student learning is their apparently
greater malleability compared to cognitive skills. While cognitive abilities appear to stabilise
after the age of 10, non-cognitive skills appear to remain malleable into adolescence and
adulthood (Almlund et al., 2011; Kautz et al., 2014). Moreover, programmes designed for
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school-age students with the goal of enhancing socioemotional skills have demonstrated
positive impacts on both non-cognitive skills and academic achievement (Durlak et al., 2010,
2011). The malleability of these skills and their potential to influence academic performance
make socioemotional interventions particularly interesting for public policy. In response to
this potential, there has been a surge in interventions in recent years aimed at enhancing
students' socioemotional skills.

As part of this, the concept of Growth Mindset has gained widespread popularity.
Coined by psychologist Carol Dweck, this concept has led to many organisations and ex-
perts offering Growth Mindset interventions, talks, training, books and materials (Barnett &
Macnamara, 2023). And the popularity of these programmes has created academic debate
and evaluations led by many stakeholders.

Dweck (2000) outlines two theories concerning students' beliefs about their ‘intelligence’.
Some students adhere to an entity theory, wherein they perceive their intelligence as fixed,
and they strive to prove their innate intelligence. Others embrace an incremental theory,
viewing their intelligence as malleable and capable of improvement, motivating them to
focus on enhancing their intelligence. Extensive literature indicates a significant associa-
tion between the latter ‘growth mindset’ and academic achievement (Blackwell et al., 2007;
Paunesku et al., 2015; Yeager et al., 2019). As a result, numerous researchers have ex-
plored the possibility of modifying students' mindsets through interventions to enhance their
academic performance.

Dweck (2000) extends the concept of people beliefs about intelligence to encompass be-
liefs about other attributes, such as personality and social traits. However, for the purposes
of this study, the focus will be solely on interventions aimed at altering students' beliefs re-
garding the malleability of intelligence, not other attributes.

Much of the literature available on the effect of growth mindset interventions in aca-
demic achievement is included in two meta-analyses published in 2022. The first one, by
Macnamara and Burgoyne (2022), concluded that ‘the apparent effects of growth mindset
interventions on academic achievement are likely attributable to inadequate study designs,
reporting flows and bias’. The other meta-analysis, by Burnette et al. (2022) reported a pos-
itive effect on academic outcomes. The contradiction between the results of these two stud-
ies, despite their use of similar data but different meta-analytic methodologies, raises some
doubts about the suitability of meta-analytic approaches in addressing questions related to
impact and causality, where they combine studies with varying levels of rigour.

The meta-analyses by Macnamara and Burgoyne (2022) incorporate the studies previ-
ously included in Sisk et al. (2018), and additionally all the available records up until August
2019. Macnamara and Burgoyne (2022) conducted three meta-analyses focusing exclu-
sively on growth mindset treatments aimed at enhancing academic performance. However,
the three differ in the requirement on the quality for the studies. The first meta-analysis
included 63 studies (N=97,672) and reveals a small effect size, d=0.05. The second meta-
analysis included only the studies demonstrating the influence of interventions on students'
mindset (13 studies, N=18,355). With this refined selection, they calculate an effect size
of d=0.04. Finally, they include only six studies (eight samples) with high-quality evidence
(N=13,571) and find an effect size of d=0.02. The study concludes that the apparent effects
of growth mindset on academic performance are not substantial and are likely attributable to
issues with study designs, result reporting, or biases.

Macnamara and Burgoyne's (2022) third meta-analysis aimed to be highly selective in
the quality of included studies, adhering to best practices in intervention design. However,
because of the extensive number of best practice criteria, no study fully met all the require-
ments. As a result, the authors accepted studies that met at least 60% of these criteria, with-
out prioritising which practices were most critical to the reliability of the study. Consequently,
some of the six studies included in their most rigorous meta-analysis pose significant threats
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to trustworthiness. For instance, Hoang (2018) and De Martino et al. (2019) exhibit attrition
rates close to 60% without providing a clear analysis to account for the potential bias intro-
duced by such high attrition rates.

The Burnette et al. (2022) meta-analysis includes articles reporting an impact of growth
mindset intervention, using a randomised design, for studies published between 2002 and
the end of 2020. The focus of the meta-analysis are two key moderators: the subsamples
expected to benefit most and implementation fidelity. The authors included 32 studies (48
samples) that report an effect on academic performance. This includes 51,676 students.
They find an effect of d=0.09. When they isolate the effects for subgroups and of high im-
plementation fidelity interventions, they find a bigger effect of d=0.14.

Several criticisms of Macnamara and Burgoyne's (2022) meta-analysis are made by
Tipton et al. (2022), who propose an alternative meta-analytic methodology. Some of the
criticisms are associated with how the studies' quality was assessed, how the methodol-
ogy incorporated the heterogeneity of effects among different groups, and how publica-
tion bias was addressed. Tipton et al. (2022) re-analysed the data from Macnamara and
Burgoyne (2022) using Burnette et al.'s (2022) method. In their analysis, incorporating all
Macnamara and Burgoyne's (2022) studies, they found a mean growth mindset effect of
0.09 SD. Among at-risk students, they observed an effect size of 0.15 SD. These results
align better with the findings reported by Burnette et al. (2022).

Macnamara and Burgoyne (2023) respond to Tipton et al.'s (2022) critique by noting that
Tipton et al.'s re-analysis not only adopts the methodology used by Burnette et al. (2022), but
also introduces additional modifications to the dataset. These include altering effect sizes
without accounting for baseline differences, changes in the coding of moderators, and the
redefinition of ‘at-risk’ samples, all without clearly justifying these decisions. Macnamara
and Burgoyne (2023) then re-analyse their data using Burnette et al.'s (2022) methodology,
obtaining very similar results across all three of their meta-analyses from 2022.

The divergent results observed in these two meta-analyses raise an important question,
especially considering the substantial resources allocated by school systems to such interven-
tions: Is there a genuine causal relationship between mindset and academic performance?

Consequently, there is a reasonable basis for undertaking a new analysis to understand
the potential impact of growth mindset interventions on academic achievement. The ap-
proach adopted in this new study involves a review methodology that emphasises the trust-
worthiness of findings across a spectrum of studies, with a specific focus on the primary
issues that could potentially undermine their robustness. A conventional meta-analysis is not
possible due to the problems that emerge from combining studies with varying outcomes,
distinct student demographics and different (albeit similar) intervention strategies. Instead,
the method detailed in the following section enables us to draw well-informed conclusions
regarding the influence of growth mindset interventions while duly considering the quality of
each individual study, without amalgamating them into a single effect size.

This paper presents a structured review of evaluation studies on growth mindset pro-
grammes aimed at influencing students’ beliefs and perceptions about their academic po-
tential, resulting in positive changes in both academic attitudes and performance. The paper
explores the following research question:

Is there a genuine causal relationship between mindset and academic
performance?

The paper presents details of the review process, quality assessment criteria and a syn-
thesis of findings. It also discusses the nature of biases in the existing studies and justifica-
tion for not extending the review to a meta-analysis. The implications for research, policy
and practice are also discussed.
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METHODS

The methods described are for a structured review of existing evidence.

Search and inclusion criteria

The review included all studies that met the inclusion criteria (below) and were featured
in the two most recent meta-analyses conducted by Macnamara and Burgoyne (2022)
and Burnette et al. (2022). Additionally, an updated search was conducted to incor-
porate studies that became available after the cessation of the two meta-analyses'
data collection, extending up to the end of 2023. The keywords used in the search are:
(“growth mindset” OR “lay theory” OR “implicit theory”) AND (intervention OR trial) AND
(student*). The databases searched are ERIC, APA PsycINFO, Google Scholar and
Science Direct.
To be considered for inclusion, studies had to meet the following criteria:

1. The study should evaluate a growth mindset intervention aimed at school-age chil-
dren. The review search and selection focused exclusively on interventions related to
incremental theories of intelligence, excluding those centred on incremental theories
of personalities.

2. It must have employed a randomised controlled trial (RCT) design to assess the

intervention's efficacy.

. The study should have included an outcome from a measure of academic performance.

. The research had to be published in the English language.

. The study should provide the essential information required for calculating Cohen's d

effect size for the entire randomised sample.

o b w

The number of studies found at each stage are shown in Figure 1.

Assessment of evidence

The studies meeting the inclusion criteria underwent an evaluation process to judge the
quality of their findings. The framework used is the ‘sieve’ approach, as proposed by
Gorard (2021), to assess the trustworthiness of each study's outcomes. The ‘sieve’ method
has been used effectively by research review teams (e.g. Owen et al., 2022; Siddiqui &
Ventista, 2018), and is the basis for the security ratings used by the EEF in England. The aim
was to ensure that conclusions were influenced most by the most robust results concerning
the potential impact of growth mindset interventions on student achievement. The ‘sieve’
method appropriately operationally defines quality and provides a consistent scale to rate
the individual studies.

The ‘sieve’ approach outlines four key criteria for evidence assessment, as shown in
Table 1. First, it examines whether the research design is suitable for the claims being made.
This study is concerned with casual claims. Given that the review selection criteria required
the use of RCTs, all the studies included in this review were awarded the highest rating (4)
for this criterion (Table 1). This is a suitable design for a ‘what works’ question. The second
criterion concerns the size of the randomised groups, the third addresses attrition levels,
and the fourth criterion considers the data quality. Assessing studies based on these four
criteria, their quality was rated on a scale from 0 to 4. A rating of 0 indicated the lowest level
of quality, adding nothing to knowledge, whereas a rating of 4 signified the highest level,
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FIGURE 1 PRISMA flowchart of records discovered.

reserved for the most robust and reliable evidence. It is crucial to emphasise that ratings do
not reflect the quality of the studies themselves, but rather the quality of the evidence they
contribute toward addressing the research question concerning the impact of growth mind-
set interventions on student achievement.

A 4* rating was assigned to studies employing an RCT design with a sample size exceed-
ing 400 students or 100 classrooms (depending on the unit of randomisation), exhibiting
attrition rates of 10% or less, and demonstrating robust academic outcomes such as GPA,
standardised tests or exam scores.

Studies receiving a 3* rating were characterised by slightly smaller sample sizes,
though still surpassing 100 students, or they exhibited dropout rates between 10% and
20%. Studies rated as 0* to 2* faced more significant quality issues, such as smaller
sample sizes or higher dropout rates. Given the substantial number of 3* and 4* studies
found, which is unusual, this paper focuses on this high-quality evidence for addressing
the research question.

The threshold of 400 students to achieve a 4* rating on the scale may appear some-
what arbitrary; however, the sieve methodology grants researchers the flexibility to de-
termine the minimum threshold necessary, based on their professional judgement, to
ensure the reliability of study outcomes. Nonetheless, it is recommended that each
comparison group include at least several hundred cases to secure the highest rating
for this item (Gorard, 2024). In this specific case, although the threshold was set at
400 students for randomisation at this level, lowering it to 350 or even 300 would have
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TABLE 1 ‘Sieve’ approach to estimate the trustworthiness of each study.
Completeness of
Design Scale data Data quality Rating
Strong design for Large number of cases Minimal missing data, = Standardised, 4
research question per comparison group  no evidence of impact  independent, pre-
on findings specified, accurate
Good design for Medium number of Some missing data, Standardised, &
research question cases per comparison  possible impact on independent, not pre-
group findings specified, some errors
Weak design for Small number of cases Moderate missing Not standardised, 2

research question

Very weak design for
research question

per comparison group

Very small number of
cases per comparison

data, likely impact on
findings

High level of missing
data, clear impact on

independent, or pre-
specified, some errors

Weak measures, high

level of error, too many

group findings outcomes

A trivial scale of study,
or number is unclear

No consideration of
design

Huge amount of
missing data, or not
reported

Very weak measures, 0
or accuracy not
addressed

Source: Gorard (2021).

minimal impact, as studies rated 3* for this item all report sample sizes below 250 at the
unit of randomisation.

Regarding data completeness, studies were assigned a 3* rating when concerns about
data competition were notable but not significant enough to cast doubt on the reliability of
the results. Studies with data completeness below 90% were not awarded the highest rating
for this item, and if attrition exceeded 30%, the rating was reduced to 2* or lower.

The fourth criterion in the sieve quality assessment is data quality. Most studies did not
encounter issues in this category, as they employed standardised tests, GPA and end-of-
year grades as their outcomes. A few studies exhibited lower data quality due to the use of
less standardised tests as outcomes. However, most of these studies faced more significant
concerns in other evaluation criteria, meaning that data quality was not the primary factor
influencing their final rating.

To ensure accurate ratings of the studies, two additional experienced researchers inde-
pendently assessed a subsample of the articles using the same framework at the outset.
Furthermore, the same research team reviewed all studies with any uncertainty regarding
their assigned ratings.

The assessments of the three reviewers were used to calculate Fleiss's Kappa, a statistic
that measures interrater reliability, following Fleiss (1977). Fleiss's Kappa (k) is an extension
of Cohen's Kappa (), designed for scenarios involving more than two raters. It quantifies the
level of agreement among raters who assign categorical ratings to a set of studies by com-
paring the observed agreement across all items with the agreement expected by chance.
For the subsample of articles evaluated by the three researchers, Fleiss's Kappa (x) was
0.714, indicating substantial agreement according to the benchmark proposed by Landis
and Koch (1977).

Transparency and openness
We adhered to the PRISMA 2020 guidelines for systematic reviews (Page et al., 2021). All

data and research materials are available at https://osf.io/wv2eu/?view_only=c5db7e87d1
af4f72bfb16faae6b49095. This review was not preregistered.

SUORIPUOD PUe SWLR L BU} 89S *[5202/50/£2] U0 ARiqITauIluO A1 'AISIPAIN - ASAIN Weyind AQ 99002 €A01/200T 0T/I0PALI0Y" A5 IM"Aeq U1 JU0'S FEUINO [.60)/SdNy Wo1) papeojumoq ‘Z ‘GZ0e ‘ET996Y02

- Ao 1 AreJqpu U0y /sct

el

85UB01 T SUOWILLOD SAIERID 3|qeatjdde auy Aq peusenob afe Sapie VO ‘9N J0 Sa|nJ 10} ARIgITaUIUO AB]IA UO (SO


https://osf.io/wv2eu/?view_only=c5db7e87d1af4f72bfb16faae6b49095
https://osf.io/wv2eu/?view_only=c5db7e87d1af4f72bfb16faae6b49095

8 of 23 | Review of Education GAZMURI

RESULTS

The analysis included 29 papers that met our selection criteria, namely, implementing RCTs to
assess the impact of intelligence growth mindset interventions on the academic achievement
of school-age students. Among these studies, three studies (Table 2) were excluded due to the
inability to compute effect sizes for the randomised group, as they solely reported the interven-
tion's impact within a subgroup (Paunesku et al., 2015; Yeager et al., 2016, 2019).

Rating of the quality of the evidence

In the 26 remaining papers, there were 62 unique academic outcomes. In cases where
multiple academic outcomes were reported, the review prioritised the most trustworthy ones
for analysis. For instance, if a study provides both an Intent to Treat (ITT) estimate with low
attrition and Average Treatment Effect on the Treated (ATT) estimates with high attrition, the
analysis uses the ITT estimates, as a better estimate of impact for the randomised group.

These outcomes were subsequently classified utilising the sieve analysis framework.
Remarkably, 14 of the 62 outcomes received the highest security rating of 4*, signifying ro-
bust findings. Additionally, 16 outcomes were attributed a 3* rating, 25 were categorised as
2* and 7 outcomes received ratings of 1* or 0* (Table 3).

Reasons for studies getting 2* or lower rating

Several studies in the analysis received ratings of 2* or lower, primarily due to specific
factors affecting their research design and outcomes.

Nine papers, comprising a total of 25 outcomes, were categorised as 2* for two key
reasons. Firstly, both Alan et al. (2019) and Wilkins (2014) employed relatively small-scale
randomisation. Alan et al. (2019) randomised 16 schools, while Wilkins (2014) randomised
16 teachers. Despite involving a significant number of students, the limited number of units
randomised raises concerns about potential imbalances between the treatment and control
groups. Zhao et al. (2024) randomised a large cohort of students at the classroom level.
However, the exact number of randomised classrooms was not specified in the study, though
it is estimated that between 30 and 40 classrooms were included, with 20—-25 classes in the
treatment group and 10-15 in the control group. While this sample size is not particularly
small, the groups were not balanced in terms of age and gender. A higher proportion of boys
in the control group may have influenced the slower progress observed in language subjects
compared to the relatively better progress in mathematics. Finally, the studies by Brougham
and Kashubeck-West (2017), with a sample size of approximately 80 students, and Good
et al. (2003), which randomised 138 participants into four groups, yielded findings that are
less reliable compared to higher-rated studies.

TABLE 2 Reasons for excluding some studies.

Study Reason for exclusion

Paunesku The study does not provide results for the entire randomised group; it reports results

et al. (2015) solely for at-risk students

Yeager The study only reports results for students who were either 1 standard deviation above or
et al. (2016) below the group's prior achievement measure, not for the entire randomised group
Yeager The study exclusively presents results for lower-achieving students and does not report

et al. (2019) results for the entire randomised group
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TABLE 3 Number of outputs by security rating.

Security rating Number of outputs
4 14

Si 16

2* 25

1*

o*

Total 62

Rienzo et al. (2015), Bettinger et al. (2018) and Porter et al. (2020) received a 2* rating
due to significant attrition rates, hovering around 30%. Lastly, Blau and Benolol (2016) re-
ceived a 2* rating because the outcomes measured extended beyond strictly academic
criteria, encompassing various aspects of a computer programming project.

Three studies with four outcomes ended up with a 1* rating. Schrodt (2015) had a small
sample size of only 27 students. Blackwell et al. (2007) featured a sample size of 87 students,
but they were organised into advisory groups, with just approximately 8 advisory groups being
randomised. Dommett et al. (2013) randomised five schools into five different conditions, in-
cluding two treatment conditions, two active control conditions, and one no-intervention control.

Two studies with two outcomes ended up in the lower category, with a 0* rating. Orosz
et al. (2017) and Glerum et al. (2020) both had 55 students, and randomisation occurred at
the classroom level, further reducing the effective sample size. The rating for each study
appears in Table A1.

Effect sizes

Figures 2 and 3 present the effect sizes of the findings categorised by the security levels
achieved by individual studies. In these graphs, findings on the left side are considered less
robust, while those on the right are more secure. The effect sizes are on the y axis. Dots
located below the horizontal zero line represent findings with negative effect sizes.

As shown in Figure 2, the weakest studies reported the biggest effect sizes. In fact,
lower-rated findings exhibit a wider distribution compared to their higher-rated counterparts.
Findings rated with a modest 0* to 2* security rating range from —0.7 to +1.9. In contrast,
effect sizes for 3* and 4* rated outcomes span a narrower range of —0.15 to +0.4. Studies
rated 4* are closely clustered around zero impact.

For convenience, Figure 3 provides a zoomed-in view of Figure 2, based only on 3* and
4* studies. As seen in Figure 2, 3* findings range from —0.15 to 0.38, while 4* ratings have
an even narrower range, ranging from —0.01 to 0.064.

Table 4 shows in detail the effect size calculated for each study and for each of the out-
comes included in the analysis.

Table 5 presents the results of each study included in this structured review in a concise
manner, organised according to the strength of the evidence.

Results for studies with a 4* security rating
This section considers the five studies that carry a 5* security rating, encompassing a total

of 14 outcomes. Three 4* studies reveal positive although small effect sizes. Outes-Ledn
et al. (2020) implemented a school-level RCT in Peru, enrolling 800 urban secondary schools.
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FIGURE 2 Effect sizes of growth mindset interventions by security level 0 to 4.
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FIGURE 3 Effect sizes of growth mindset interventions by security levels 3 and 4.

Within this framework, 400 schools in the treatment group received materials and information
to implement three 30-min sessions about growth mindset. It is worth noting that it was volun-
tary for teachers to implement these sessions, leading to approximately half of the schools not
participating. Due to the low compliance, an ITT estimate and ATT estimates were calculated.
The review took into consideration the ITT estimates, because it has minimal dropout (1%), re-
sulting in a 4* security rating. Two months post-intervention, the effect on maths standardised
tests yielded d=0.054, while reading standardised tests showed d=0.04. Follow-up assess-
ments conducted 14 months later exhibited maths d=0.038 and reading d=0.044.
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TABLE 4 Effect size for individual studies according to the security level 0 to 4.

Score

Author-Output

-1,0 0,5 0,0

0,5

1,0

1,5

2,0

Zhou et al. (2023)-Chinese test - 6 month
Zhou et al. (2023)-Math test - 6 month
Outes-Leon et al. (2020)-Math test
Zhou et al. (2023)-Math test
Outes-Leon et al. (2020)-Reading test (1 yr)
Outes-Leon et al. (2020)-Reading test
Outes-Leon et al. (2020)-Math test (1 yr)
Zhou et al. (2023)-Chinese test
Rege et al. (2021)-Advanced math course-taking
Ganimian (2020)-Math test
Foliano et al. (2019)-Reading test
Foliano et al. (2019)-GPS test
Ganimian (2020)-Reading test
Foliano et al. (2019)-Math test

0000000000 s

Xu et al. (2021)-Transfer test
Xu et al. (2021)-Comprehension test
Poter et al. (2022)-Grade intervention course
Polley (2018)-Science test
Polley (2018)-World studies test
Poter et al. (2022)-Grade no intervention course
Polley (2018)-Math test
Burnette, Russell et al. (2018)-GPA
Wanzek et al. (2021) -Non-word reading
Wanzek et al. (2021) -Reading comprehension
Polley (2018)-English test
Wanzek et al. (2021) -Word reading
Binning et al. (2019)-GPA
Wanzek et al. (2021) -Phonological-processing
Chao et al. (2017)-Comprehensive test
Wanzek et al. (2021) -Oral reading fluency (ORF)

® 0 0
.........

Good et al. (2003)-Math grades
Good et al. (2003)-Reading test
Wilkins (2014)-Science grades -1st quarter
Alan et al. (2019)-Math test
Wilkins (2014)-Math grade -2nd semester
Zhao et al. (2023)-English grades
Rienzo et al. (2015)-English test
Blau & Benolol (2016)-Aesthetics of design
Blau & Benolol (2016)-Clarity of the idea
Porter et al. (2020)-Math grades (2st year)
Zhao et al. (2023)-Chinese grades
Alan et al. (2019)-Verbal test
Polley (2018)-Math test
Blau & Benolol (2016)-Quality of programing
Bettinger et al. (2018)-Algebra test
Blau & Benolol (2016)-Creativity and originality
Wilkins (2014)-Science grades -3rd quarter
Zhao et al. (2023)-Math grades
Wilkins (2014)-Science grades -2nd quarter
Rienzo et al. (2015)-Math test
Wilkins (2014)-Math grades -1st quarter
Wilkins (2014)-Math grades -3rd quarter
Wilkins (2014)-Math grade -1st semester
Wilkins (2014)-Math grades -2nd quarter
Brougham & Kashubeck-West (2018)-GPA

Schrodt (2015)-Contextual writing test
Schrodt (2015)-Basic writing test
Blackwell et al. (2007)-Math grades
Porter et al. (2020)-Math grades (1st year)
Dommett et al. (2013)-Math test

Orosz (2017)-GPA
Glerum et al (2020)-Math test

d ‘2 'S202 '€T996V0C

wouy

UONIPUOD PUe SWB L 3L 395 *[5202/50/62] U0 ARiqI8uluO Aol *AIsAIUN - ASIBAIN WRYING AQ 99002 €/81/Z00T OT/I0P/LI0Y 3| 1M

fom-ARIqIPU!

85U80]7 SUOWWIOD aA 81D 3|qeot|dde au Aq peusenob ae sajoie VO ‘8sn JO 3N I0j Akeid18ullUO A1 Uo



120f23 | Review of Education GAZMURI

TABLE 5 Strength of evidence and impact for included studies.

Strength of evidence Positive Unclear/mixed/very small Negative
48 5

38 3 3 1

28 5 3 1

18 2 1

") 1 1

With similar results, Rege et al. (2021) carried out an individual-level RCT in Norway
encompassing 6541 secondary school students. The intervention sought to convey the con-
cept that engaging in challenging tasks can enhance one's abilities over time, particularly
during adolescence when the brain experiences significant growth. The study found an
ITT impact (d=0.025) on advance maths course enrolment and passing rates. The authors
explain that in some schools the choice of maths course was made before the intervention,
and even though the students could change their choices later, this situation might attenuate
the effect size of the impact.

Zhou et al. (2023) conducted an individual-level RCT in rural China, involving 1680 Year 5
students. A significant proportion of these students were classified as low-income and had
absent parents. The study evaluated the effect of an intensive mindset intervention, which
consisted of weekly 2-h sessions over 5weeks, on official centrally graded exams in math-
ematics and Chinese. The outcomes were measured both shortly after the intervention and
6 months later. With very low attrition rates (2% at midline and 4.1% at endline), the study
found little evidence of an impact on test scores, reporting effect sizes between 0.03 and
0.06 standard deviations in Chinese and mathematics, respectively, at both time points.

The remaining two studies, also categorised with a 4* finding security rating, exhibited
effect sizes around 0, encompassing both marginal negative and marginal positive results.
Foliano et al. (2019) conducted a school-level RCT involving 101 primary schools (encom-
passing 5018 Year 6 students) in England. The treatment group's headteachers and Year 6
teachers received training to deliver an eight-week programme (up to 2.5h a week) aimed
at developing a growth mindset in their students. Despite the intervention, no improvement
was noted in Key Stage 2 tests in reading, grammar, punctuation, spelling or maths in com-
parison to the control group (KS2 maths d=-0.01, KS2 reading d=0.00, KS2 grammar
punctuation and spelling d=0.00).

Similarly, Ganimian (2020) randomly assigned 202 public secondary schools in Argentina
to either a treatment or control group, including 9805 students. The treatment involved
Grade 12 students participating in a single session focused on the malleability of intelli-
gence. Despite implementing the intervention as intended, no evidence emerged of an im-
pact on maths or reading national assessments (with effect sizes of d=0.015 and d=-0.008,
respectively).

Results for studies with a 3* security rating

This section presents discussion of seven studies characterised by a 3* security rating,
with a total of 16 outcomes. These studies present robust RCT designs, involving a
substantial number of students with relatively low attrition rates. Nevertheless, they do
not achieve the 4* rating because they are not as strong as the studies described in the
previous section. The primary reasons for these 3* ratings include that there are relatively
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smaller sample sizes, typically ranging between 100 and 200 students, in contrast to the 4*
studies, which encompassed sample sizes exceeding 400 students (Burnette et al., 2018;
Wanzek et al., 2021; Xu et al., 2021). Additionally, Chao et al. (2017) randomised 107 classes
but distributed them across six different groups, resulting in 17 to 20 classes per group.
Furthermore, three studies received 3* ratings due to dropout rates ranging between 13%
and 19% (Binning et al., 2019; Polley, 2018; Porter et al., 2022).

Among the 3* studies, four demonstrated positive effects. The experiment conducted by
Xu et al. (2021) yielded the most substantial effect size among both 3* and 4* studies. This
study was conducted in a laboratory setting and involved 140 16-year-old students from two
public high schools. In the experiment, students in the growth mindset condition engaged
in a 10-min reading and writing task on brain function and the malleability of intelligence,
whereas the control group undertook a similar-length task concerning general brain func-
tioning (without addressing intelligence malleability). Subsequently, both groups participated
in a 12-min learning task related to the topic of sound travel and the Doppler effect, an area
in which participants were novices. Post-assessment revealed that students in the treatment
group outperformed their peers in the control group in both comprehension and transfer
tests (Cohen's d=0.33 for comprehension and 0.38 for transfer). This notably larger effect,
in comparison to the other 3* rated findings, could potentially be attributed to the evaluation
of a more specialised learning task within a controlled laboratory environment.

Porter et al. (2022) explored a teacher-delivered growth mindset intervention, involving
50 middle school teachers and 1996 students. Teachers in the treatment group underwent
training receiving curriculum guides, lesson plans and research on growth mindset. They
subsequently crafted personalised intervention plans for their students and administered
lessons lasting between 30 min and 1h during regular classes. Students exposed to these
lessons outperformed their counterparts in the control group, both in classes where growth
mindset was taught (Cohen's d=0.23) and in other classes (Cohen's d=0.14).

Polley (2018) conducted an RCT in Bangladesh involving 600 secondary school students
and a 45-min computer-based growth mindset intervention. The control group received an
identical intervention, with the sole distinction being the absence of commentary on whether
the brain changes during the learning process. The intervention resulted in an average in-
crease in test scores of 0.12¢ (with Cohen's d values of 0.112 for maths, 0.151 for science,
0.018 for English, and 0.151 for world studies exams).

Burnette et al. (2018) conducted an RCT to assess a 45-min online growth mindset inter-
vention with 222 10th-grade adolescent girls from four rural, low-income high schools in the
United States. They found an effect on GPA with a Cohen's d of 0.07.

Three studies rated 3 reported negative results. Chao et al. (2017) focused on primary
students in low-income areas of India, assessing the impact of a growth mindset intervention
alongside an incentive system (small rewards given to students). In this study, 107 classes
(949 students) were randomised into six groups, comprising three treatments that combined
a growth mindset intervention with different incentive interventions (treatment 1: only growth
mindset, treatment 2: growth mindset + incentive 1, treatment 3: growth mindset + incentive
2) and three control interventions with no growth mindset but with different types of incen-
tives (control, control + incentive 1, control + incentive 2). The growth mindset interven-
tion exhibited a negative effect on standardised test scores (d=-0.13). Binning et al. (2019)
conducted a study involving 598 students from two high schools, randomising them into
either a growth mindset or control (study skills) intervention, resulting in a negative effect on
GPA (d=-0.09). Lastly, Wanzek et al. (2021) compared the effect of a reading intervention
versus a reading plus mindset intervention in 240 fourth-grade students with reading diffi-
culties. This study reported negative or near-null effect sizes across various reading com-
ponents (oral reading fluency d=-0.15, non-word reading d=0.05, phonological processing
d=-0.12, word reading d=-0.06, reading comprehension d=0.03).

SUORIPUOD PUe SWLR L BU} 89S *[5202/50/£2] U0 ARiqITauIluO A1 'AISIPAIN - ASAIN Weyind AQ 99002 €A01/200T 0T/I0PALI0Y" A5 IM"Aeq U1 JU0'S FEUINO [.60)/SdNy Wo1) papeojumoq ‘Z ‘GZ0e ‘ET996Y02

- Ao 1 AreJqpu U0y /sct

85UB01 T SUOWILLOD SAIERID 3|qeatjdde auy Aq peusenob afe Sapie VO ‘9N J0 Sa|nJ 10} ARIgITaUIUO AB]IA UO (SO



14 of 23 | Review of Education GAZMURI

Bias due to conflict of interest?

It is clear that smaller and weaker studies have tended to produce the largest apparent
effect sizes, whereas the 4* studies have shown little or no promise from the intervention.
Another factor to consider is the role of conflicts of interest for the researchers, given the
proliferation of enterprises and consultancy groups that have developed around the growth
mindset theory. Moreover, since the theory's widespread popularity, a substantial amount of
funding has been allocated by schools, school districts, governments and non-governmental
organisations for mindset training, interventions, books and related initiatives.

In assessing whether researchers' conflicts of interest are related to experimental re-
sults, the review examined all studies where at least one of the researchers had a conflict
of interest. This was defined as any direct involvement such as being a founder, co-founder,
owner, part of the board, or receiving paid compensation from organisations that sell prod-
ucts related to mindset training, including books, seminars or consulting services, or if the
researcher charged substantial fees for talks on this topic.

As shown in Table 6, seven papers had authors with an apparent conflict of interest, en-
compassing nine outcomes: one 4* outcome, three 3* outcomes, three 2* outcome and two
1* outcomes.

Figure 4 provides a visual representation of the findings. Studies found to have conflicts
of interest are marked with crosses, while those without conflicts of interest are indicated by
circles. Notably, most studies with conflicts of interest show positive effect sizes, apart from
Orosz et al. (2017), a 1* rated study that reports a small negative effect. Conversely, studies
without conflicts of interest display a range of impacts, including both positive and bigger
negative results.

Figure 5 provides a closer look at only the 3* and 4* findings. Even though the four
outcomes reported in studies with conflict of interest have positive effects, the size of the
effects does not differ much from the size of effects reported by authors without a conflict
of interest.

Considering that 3* and 4* studies conducted by authors with conflicts of interest do
not have bigger effect sizes than the larger effect size from studies without such conflicts,
the review does not find much cause for concern that the size of the results we are cur-
rently observing are exaggerated due to these conflicts. Nevertheless, it is noteworthy
that studies involving conflicts of interest mostly report positive effect sizes. This could
mean that some studies with negative results might not be getting published, partly due
to the conflicts of interest held by their authors. This suspicion is further supported by
the fact that the three studies excluded from our analysis because they failed to report
results for the entire randomised group and did not provide sufficient information to cal-
culate results for the entire sample, were authored by individuals with conflicts of inter-
est (Paunesku et al., 2015; Yeager et al., 2016, 2019). Although these papers explicitly
focused on assessing the impact on specific groups (such as at-risk students or low
achievers), and two of them had even pre-registered this focus, it is surprising that they
did not report results for the entire randomised group alongside the outcomes for their
targeted group of interest.

The conflict-of-interest bias could affect findings of any meta-analysis due to the ag-
gregation of effect sizes. Conversely, in our analysis, because we display each effect size
independently, the absence of certain negative results does not substantially alter the overall
conclusion. This can explain why the conflict-of-interest was so concerning in Macnamara
and Burgoyne's (2022) meta-analysis. They reveal a significantly lower average effect size
for published studies lacking financial incentives, in contrast to a notably higher effect size
for studies that do have financial incentives. This disparity is primarily driven by the scarcity
of negative results within studies with financial incentives.
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FIGURE 4 Effect size by conflict of interest by security levels 0 to 4.
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FIGURE 5 Effect size by conflict of interest, 3* and 4* findings.
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DISCUSSION

The review reveals a large number of experiments that have tested the effectiveness of
growth mindset interventions in enhancing students' academic achievement. While some of
these experiments had major problems, which make it difficult to trust their findings, many
RCTs produced robust findings, due to the rigorous research design, independent evalua-
tions, substantial sample sizes, minimal data gaps and data quality.

At the same time, the analysis illustrates that the ‘sieve’ analysis, as proposed by
Gorard (2021) for assessing evidence, is an effective and valuable tool to evaluate the trust-
worthiness of evidence. Papers evaluated more favourably using this framework tend to
exhibit greater coherence and consistency in their results.

Due to the abundance of RCTs on this topic, and the availability of some very high-quality
evidence, it is most reasonable to answer our research question taking into consideration
the most robust research. Among outcomes rated 3* and 4%, the effect sizes span from
-0.15to +0.38. It is worth noting that the two notably higher effect sizes, exceeding 0.3, em-
anate from a single laboratory setting experiment. Recognising the substantial divergence
between such controlled conditions and the real-life educational environments where the
intervention would be implemented, it is reasonable to consider excluding these outcomes
in a review of pragmatic trials. This would result in a more constrained range of effect sizes,
ranging from —0.15 to +0.23.

When we give greater significance to the 4* studies, because of their heightened
methodological trustworthiness, the range of effect sizes narrows further, encompassing
-0.01 to 0.065. Considering these factors, we can cautiously infer that implementing a
growth mindset intervention might, in the most favourable circumstances, produce a very
modest impact, potentially reaching a Cohen's d effect size of 0.05, on the academic
performance of school-age students. However, given the null impact observed in two of
the four most rigorous evaluations (Foliano et al., 2019; Ganimian, 2020), we do not rec-
ommend the allocation of substantial resources for implementing public policies aimed at
promoting a growth mindset among school-age students. And this is the headline finding
of the review.

Nevertheless, due to the cost-effectiveness of growth mindset interventions and the
modest yet positive outcomes reported in the remaining three highly rigorous evaluations
(Outes-Leodn et al., 2020; Rege et al., 2021; Zhou et al., 2023), we suggest that teachers be
allowed to implement these interventions in their classrooms, as long as it is at minimal cost
and with limited impact on students' time.

Limitations

The conclusions drawn from this structured review are based on various studies em-
ploying RCT designs. Therefore, the reliability of this study's conclusions depends on
the extent to which we can trust the findings of the papers included in the review. To
safeguard against this, we assessed the quality of the studies using the ‘sieve’ approach,
as proposed by Gorard (2021). However, this evaluation framework focuses on the most
relevant factors affecting study quality, particularly those that pose the greatest threat to
the reliability of their conclusions. Nevertheless, other aspects that could potentially jeop-
ardise the quality of a study have not been considered in this review. For example, if the
RCTs are unblinded, this could introduce teacher bias or research expectancy effects.
We have also not addressed the potential issue of studies attempting to measure too
many outcomes. Finally, preregistration of studies was not a requirement for achieving
the highest quality rating.
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Another limitation of this study is that only studies published in English were included.
As a result, studies published in other languages, as well as unpublished studies, were ex-
cluded, potentially leading to publication bias. Due to this bias, where studies with positive
results are more likely to be published, it is possible that studies with negative or neutral
outcomes have not been published and, therefore, have not been included in this review.

Future research direction

While the literature consistently demonstrates a correlation between academic outcomes
and growth mindset, this study reveals that the most rigorous causal studies show only
weak, if any, effects of mindset interventions on academic performance. This is despite many
interventions successfully shifting students from a fixed mindset to a growth mindset. This
finding prompts the critical question of whether these interventions are genuinely altering
students' underlying beliefs or merely influencing their responses to mindset questionnaires.

Future research should investigate the true malleability of the growth mindset and assess
whether the widely adopted, low-cost, low-intensity interventions are genuinely capable of
fostering meaningful changes in students' beliefs, or if they primarily affect how students
respond to questionnaires. It is vital to distinguish whether the observed shifts in mindset
represent deeper, enduring changes in students' attitudes and behaviours, or whether they
merely reflect superficial adjustments in self-reporting.

Moreover, future studies should focus on evaluating more intensive interventions that en-
gage students at a deeper, experiential level. These interventions should prioritise how stu-
dents actively experience and apply growth mindset principles, as opposed to simply being
introduced to them in an abstract and with stories about other people. Such comprehensive
engagement could result in more profound shifts in students' core beliefs and produce long-
term improvements in their learning and development.
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APPENDIX

TABLE A1

Paper

Alan et al. (2019)-S2

Bettinger et al. (2018)

Binning et al. (2019)

Blackwell et al. (2007)

Blau and
Benolol (2016)

Brougham and
Kashubeck-

West (2017)
Burnette et al. (2018)

Chao et al. (2017)

Dommett et al. (2013)

Foliano et al. (2019)

Ganimian (2020)

Glerum et al. (2020)

Good et al. (2003)

Orosz et al. (2017)

Rating
2

Main reasons for the rating of each study.

Main concern influencing the rating.

Despite a large number of students, the randomisation units are
only 16 schools, leading to the likelihood of unbalanced groups.
Specifically, the two groups exhibit imbalances in verbal test scores.
Additionally, only short-term scores were considered due to a 48%
dropout rate in the long term

The study experienced a 28% dropout rate because of students not
taking the test. Only the overall test effect were reported and not
some portions of the test reported in the paper

The study does not provide clarity regarding the number of students
included in the regression analysis used to calculate the impact.
However, based on the available information, a dropout rate of 13%
has been calculated

Although 95 students participated, they were grouped into advisory
groups consisting of 12—14 students, and these advisory groups
were randomised. Consequently, we determined that approximately
7 or 8 advisory groups were randomised, which is a small
randomisation size

The outputs are not robust for assessing academic achievement.
They evaluated a programming project based on criteria such as the
clarity of the idea, computing quality, creativity, and the aesthetics of
the design. Additionally, the sample size of the study encompassed a
little over 100 students

The randomisation encompasses only 89 students, and the dropout
rate exceeds 20%

With a sample size of 222 students, it is not sufficiently large to
qualify as a robust 4-star study

The randomised units were classes, with 107 classes assigned to 6
different groups, resulting in groups consisting of 17 to 20 classes
each. This size is not big enough to achieve a 4-star rating

The study had a small randomisation size, with only 5 schools
assigned to 5 different intervention conditions

The study includes a significant sample size, with 101 schools
assigned to either the control or treatment group. Despite an attrition
rate close to 10%, a 4-star rating has still been awarded

A substantial sample size is featured in the study, with 202 schools
allocated to either the control or treatment group. Despite an attrition
rate nearing 10%, the study has still been awarded a 4-star rating

The study had a limited sample size, consisting of only 55 students,
with randomisation conducted at the classroom level, further
reducing the effective sample size

138 students were randomised into four groups, and the size of each
group was insufficient to warrant a 3 or 4-star rating

The study had a limited sample size, consisting of only 55 students,
with randomisation conducted at the teacher level, further reducing
the effective sample size
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TABLE A1 (Continued)

Paper

Outes-Leodn
et al. (2020)

Polley (2018)

Porter et al. (2020)

Porter et al. (2022)

Rege et al. (2021)

Rienzo et al. (2015)
Schrodt (2015)
Wanzek et al. (2021)
Wilkins (2014)

Xu et al. (2021)
Zhao et al. (2024)

Zhou et al. (2023)

N W =~ DN

Main concern influencing the rating.

The study benefits from a large sample size of 800 randomised
schools, with minimal dropout rates for the ITT results

Clarity regarding the dropout rate is lacking in the paper; however,
based on calculations, it has been estimated to range between 14%
and 33% for various outcomes. Consequently, the study is rated
between 2 and 3, depending on the specific outcome

The study exhibits a substantial dropout rate, ranging from 36% to
57% for various outcomes. Consequently, the study is rated between
1 and 2 stars, depending on the specific outcome

With a randomised sample of only 52 teachers, the study's sample
size limits its rating to a maximum of 3 stars

Given the substantial sample size of 6541 students and very low
attrition rates for the ITT results, the study merits a 4-star rating

The study has a significant dropout rate of 38%
The study has a small sample size of only 27 students
A sample size of 240 students qualifies the study for a 3-star rating

The study features a small sample size, with only 16 teachers
randomised

A sample size of 140 students qualifies the study for a 3-star rating

Randomisation occurred at the classroom level; however, the exact
number of classrooms in each group was not specified. | estimated a
total of around 30—40 classrooms, with 20—25 in the treatment group
and 10-15 in the control group. The groups were not balanced in
terms of age or gender. There were more boys in the control group,
which may have influenced the slower progress observed in the two
language subjects, in contrast to the relatively better progress in
mathematics

The sample size consisted of 1680 students, with an attrition

rate between 2% and 4%. The data quality is high, as it includes
results from officially centrally graded exams in both Chinese and
mathematics
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