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Abstract
Employment of appropriate study strategies is crucial for academic success. Previous find-
ings on whether use of specific strategies is related to academic performance in real edu-
cational settings were inconsistent, and their participant samples were largely restricted to 
undergraduate students. The current study recruited a large sample (i.e., 4,331 participants) 
of elementary school students to explore the association between use of specific strategies 
and academic performance by using multilevel linear regression models, in which two po-
tential confounding variables (i.e., SES and gender) are controlled for. The results showed 
that after controlling for SES, gender and other study strategies, use of spaced study, re-
reading and help-seeking positively related to academic performance in elementary school 
students. However, use of self-testing, highlighting/underlining, note-taking, summarizing, 
making diagrams, making study plans and studying with friends did not positively cor-
relate with academic performance in elementary school children. Instructors and parents 
are suggested to encourage children to study by using the effective study strategies, and 
teach them how to maximize the benefits of these strategies.

Keywords Study strategy usage · Academic performance · Elementary school children · 
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How to become a successful learner is always of substantial interests among researchers 
and practitioners (including learners, instructors and policy-makers). A wealth of laboratory 
research has established that utilization of appropriate study strategies is crucial for efficient 
learning, and some strategies (e.g., spaced study and self-testing) have been verified to be 
more effective than others (e.g., highlighting/underlining and rereading) (Dunlosky et al., 
2013; Roediger, 2013; Yang et al., 2021). Several studies investigated whether (and to what 
extent) students utilize the high- and low-utility strategies in daily learning, and whether 
use of these strategies is related to academic performance (Anthenien et al., 2018; Geller 
et al., 2018; Hartwig & Dunlosky, 2012; McAndrew et al., 2016; Morehead et al., 2016; 
Rodriguez et al., 2021; Tullis & Maddox, 2020; Walck-Shannon et al., 2021). However, the 
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observed findings are rather conflicting (see below for detailed discussion). More impor-
tantly, by far no study has explored whether use of specific strategies is related to academic 
performance in young elementary children – a key stage of study habit development. The 
current study aims to fill this important gap.

Not all study strategies are equally effective

Numerous laboratory studies in cognitive science and educational psychology have estab-
lished that some study strategies are more beneficial for durable learning than others (Cepeda 
et al., 2006; Dunlosky et al., 2013; Roediger, 2013; Yang et al., 2021). A review conducted 
by Dunlosky et al. (2013) provided a thorough assessment of ten specific strategies’ utility, 
in which the authors evaluated generalizability of those strategies across different dimen-
sions (i.e., material types, learning conditions, student characteristics and criterion tasks). 
According to the classification of study strategies in the review (Dunlosky et al., 2013), 
spaced study and testing were identified as high-utility study strategies, and the enhancing 
effects of spaced study and testing on learning have also been widely documented by many 
other studies (e.g., Cepeda et al., 2006; Janiszewski et al., 2003; Rowland, 2014; Yang et 
al., 2021).

Spaced study, which involves dividing the learning process into multiple sessions over 
time, enhances long-term retention by comparison with massed study or cramming of learn-
ing in a single session (Cepeda et al., 2006; Janiszewski et al., 2003). This so-called spac-
ing effect generalizes across different populations (e.g., adults, children), material types 
(e.g., word lists, word pairs, pictures, trivia facts, texts) and knowledge domains (e.g., biol-
ogy, mathematics, history) (for a review, see Dunlosky et al., 2013). Testing (i.e., retriev-
ing information from memory), as another effective strategy, has received ample evidence 
demonstrating that it is superior to other study strategies (e.g., restudying, note-taking) in 
consolidating long-term retention of studied information and in enhancing learning of new 
information, a phenomenon known as the testing effect or test-enhanced learning (Dunlosky 
et al., 2013; Roediger et al., 2006; Rowland, 2014; Yang et al., 2018, 2021).

In contrast to the aforementioned high-utility strategies, Dunlosky et al. (2013) also iden-
tified several low-utility study strategies, for which their benefits to learning are relatively 
limited, such as highlighting/underlining (i.e., marking important contents while reading), 
rereading (i.e., restudying learning materials after initial reading) and summarizing (i.e., 
summarizing important knowledge points while or after initial learning). The utility clas-
sification of different study strategies mentioned above is repeatedly recognized by previous 
studies (e.g., Morehead et al., 2016; Rodriguez et al., 2021; Roediger, 2013).

Association between use of specific study strategies and academic 
performance

An essential question that needs to be investigated is whether use of specific strategies 
relates to academic performance in real educational settings. Several studies have examined 
this issue, but the documented findings are rather conflicting (e.g., Anthenien et al., 2018; 
Geller et al., 2018; Hartwig & Dunlosky, 2012; McAndrew et al., 2016; Morehead et al., 
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2016; Rodriguez et al., 2021; Tullis & Maddox, 2020; Walck-Shannon et al., 2021). For 
instance, Hartwig and Dunlosky (2012) and several other studies (McAndrew et al., 2016; 
Morehead et al., 2016) found that use of spaced study was unrelated to college students’ 
grade point average (i.e., GPA). However, some studies found that undergraduates with 
higher GPA were more likely to engage in spaced study than those with lower GPA (Anthe-
nien et al., 2018; Geller et al., 2018). In the same way, although some studies observed a 
positive correlation between use of self-testing and academic performance (Geller et al., 
2018; Hartwig & Dunlosky, 2012; Rodriguez et al., 2021; Walck-Shannon et al., 2021), 
others found no association between these two variables (Morehead et al., 2016; Tullis & 
Maddox, 2020).

For low-utility study strategies, the results are inconsistent as well. For instance, Hartwig 
and Dunlosky (2012) observed that use of rereading positively predicted undergraduates’ 
GPA, but Rodriguez et al. (2021) found that rereading was unrelated to final exam scores in 
a biology course. Additionally, Hartwig and Dunlosky (2012) showed that endorsement of 
highlighting was unrelated to GPA, but McAndrew et al. (2016) detected a negative correla-
tion between these two variables among dental students. Overall, previous findings about 
whether use of specific study strategies relates to academic performance are rather conflict-
ing. Further research on this question is called for.

It is also worth noting that most (if not all) of the above-discussed studies did not con-
trol potential confounding variables when exploring the association between use of spe-
cific strategies and academic performance (e.g., Geller et al., 2018; Hartwig & Dunlosky, 
2012; McAndrew et al., 2016; Morehead et al., 2016; Rodriguez et al., 2021; Tullis & Mad-
dox, 2020). Some confounding factors may mistakenly exemplify the observed association 
between these two variables (Credé & Kuncel, 2008; Hartwig & Dunlosky, 2012; Walck-
Shannon et al., 2021). For instance, Coleman et al. (1966) found that family socioeconomic 
status (SES) explained most of the differences in academic performance among the factors 
affecting students’ achievement. Another variable that is commonly controlled for when 
exploring factors affecting academic performance is gender, which plays an important role 
in determining academic achievement (Brown & Putwain, 2022; Voyer & Voyer, 2014).

Besides academic performance, SES and gender also affect students’ study habits. For 
instance, Callan et al. (2017) showed that SES was positively related to use of study strate-
gies, and Ekuni et al. (2022) observed significant gender differences in study strategy usage, 
with female students reporting higher frequency of strategy use overall. Surprisingly, previ-
ous studies have largely overlooked the confounding effects of these crucial demographic 
variables (i.e., SES and gender) when exploring the association between use of specific 
strategies and academic performance (e.g., Geller et al., 2018; Hartwig & Dunlosky, 2012; 
McAndrew et al., 2016; Morehead et al., 2016; Rodriguez et al., 2021; Tullis & Maddox, 
2020). Going beyond previous studies, the current study targets to measure the relatively 
“pure” association between use of specific study strategies and academic performance by 
controlling for the potential confounding effects of SES and gender.

It should also be noted that when investigating the association between use of specific 
strategies and academic performance, most previous studies restricted their participant 
samples to undergraduate students (e.g., Geller et al., 2018; Hartwig & Dunlosky, 2012; 
McAndrew et al., 2016; Morehead et al., 2016; Rodriguez et al., 2021; Walck-Shannon et 
al., 2021), with one exception which recruited middle and high school students as partici-
pants (Tullis & Maddox, 2020). It has never been explored whether use of specific strate-
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gies relates to academic performance in elementary school students. It is well-known that 
study habits vary substantially as a function of educational level, and students at different 
educational levels employ different study strategies during self-regulated learning (Tullis & 
Maddox, 2020; Zimmerman & Martinez-Pons, 1990). Hence, it is important to explore the 
association between use of specific study strategies and academic performance in elemen-
tary school children, who are at a critical stage in developing their study habits (Dignath et 
al., 2008; Dignath & Büttner, 2008).

Furthermore, the sample sizes (ranging from 272 to 931 participants) in previous studies 
were relatively small (and underpowered), which might be the reason why previous findings 
were inconsistent (Geller et al., 2018; Hartwig & Dunlosky, 2012; McAndrew et al., 2016; 
Morehead et al., 2016; Rodriguez et al., 2021; Walck-Shannon et al., 2021). These conflict-
ing findings are of course unhelpful for practitioners. Going beyond previous studies, the 
current study recruited a larger sample size (i.e., 4,331 participants) to increase statistical 
power to reach more reliable conclusions.

Lastly, but importantly, previous research largely explored the association among West-
ern samples in developed countries, such as United States (e.g., Geller et al., 2018; Hartwig 
& Dunlosky, 2012; McAndrew et al., 2016; Morehead et al., 2016; Rodriguez et al., 2021; 
Walck-Shannon et al., 2021). It is unknown whether previous findings can generalize to 
non-Western populations in developing countries, where educational outcomes are in dire 
need of improvement (Ekuni et al., 2022). To fill this gap, the current study explored the 
association between use of specific strategies and academic performance in a developing 
country, that is, China.

Overview of the present study

The current study aims to recruit a large sample to explore the association between use of 
specific strategies and academic performance in Chinese elementary school students by 
using a multilevel linear regression model, in which two potential confounding variables 
(i.e., SES and gender) are included as control variables. The main measures in this study 
were academic performance in two learning domains (i.e., Chinese Language Achievement 
and Mathematics Achievement) and use of ten specific study strategies. Among the ten strat-
egies, two were high-utility (i.e., spaced study and testing) and another three were low-util-
ity (i.e., highlighting/underlining, rereading and summarizing), as categorized by Dunlosky 
et al. (2013). Furthermore, another five popular strategies were also assessed, including 
note-taking (i.e., taking notes while studying), making diagrams, charts or pictures (i.e., 
making diagrams, charts or pictures to summarize key knowledge points or concepts while 
studying), making study plans (i.e., making plans and studying according to study plans), 
studying with friends (i.e., studying in collaboration with others and helping each other), 
and help-seeking (i.e., seeking help from others, such as friends, teachers and parents). 
Different from previous studies which measured strategy use in a binary way (i.e., asking 
participants to report whether or not they use a given strategy) (e.g., Hartwig & Dunlosky, 
2012; Tullis & Maddox, 2020), the current study measured strategy use at a higher fine-
grained level by using a continuous response scale (see below for details), which might 
increase statistical power to detect the relation between use of specific study strategies and 
academic performance (Hartwig & Dunlosky, 2012).
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Overall, the research questions explored here are as follows:

RQ1 To what extent do elementary school students utilize different study strategies?

RQ2 Does use of high-utility study strategies (i.e., spaced study and self-testing) positively 
relate to academic performance in elementary school students after controlling for the 
potential confounding effects of SES and gender?

RQ3 Does use of low-utility study strategies (i.e., highlighting/underlining, rereading, sum-
marizing) relate to academic performance in elementary school students after controlling 
for demographic covariates?

RQ4 Does use of other popular study strategies (i.e., note-taking, making diagrams, charts 
or pictures, making study plans, studying with friends, help-seeking) relate to academic 
performance in elementary school students after controlling for demographic covariates?

RQ5 Do SES and gender relate to academic performance in elementary school students?

Method

Participants

A total of 4,416 Chinese fourth-grade students were recruited from 7 public elementary 
schools in Baoding, a city in Hebei province, and 7 public elementary schools in Qinyang, 
a city in Henan province, China. Data from 85 students were excluded because (1) they did 
not answer more than 1/3 of questions in the study strategy questionnaire (n = 74) or (2) 
they did not take the Chinese Language Achievement Test or the Mathematics Achievement 
Test (n = 11). The missing rate was low (1.9%). The final sample consisted of 4,331 fourth-
graders (48.3% female) from 14 elementary schools in northern China. Their mean age was 
9.77 years old (SD = .33).

The protocol was approved by the Ethics Committee at the Collaborative Innovation Cen-
ter of Assessment for Basic Education Quality at Beijing Normal University (File number: 
2021-41). Written informed consent to participate was obtained from children’s caregivers.

Procedure

All of the students independently completed the Chinese Language Achievement Test, the 
Mathematics Achievement Test and the questionnaires in the classroom during regular 
classes at school under the supervision of well-trained research assistants.
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Measures

Academic performance

Academic performance in two subjects was measured using the standardized Chinese Lan-
guage Achievement Test and Mathematics Achievement Test for fourth-graders. These tests 
were developed in accordance with the unified curriculum standards of the compulsory edu-
cation system in the mainland of China. The Chinese Language Achievement Test mainly 
assessed language knowledge, cultural knowledge, and the ability to understand and inter-
pret information (Dong & Lin, 2011), which reflected students’ memory and reading com-
prehension. The Mathematics Achievement Test mainly measured knowledge of numbers 
and algebra, statistics and probability, and space and shapes (Dong & Lin, 2011), reflecting 
students’ capacities in understanding, applying and transfering mathematical knowledge.

Students completed each test in class within 45 min and their test scores ranged from 0 
to 100. Considering the strong correlation (r = .67, p < .001) observed between Chinese Lan-
guage and Mathematical assessment scores, a composite measure of academic performance 
ranging from 0 to 100 was created by averaging these two scores.1

Study strategy survey

Based on existing studies assessing use of specific study strategies (e.g., Dirkx et al., 2019; 
Hartwig & Dunlosky, 2012; Karpicke et al., 2009; Kornell & Bjork, 2007; Kuhbandner & 
Emmerdinger, 2019; McAndrew et al., 2016; McCabe, 2018; Morehead et al., 2016; Rodri-
guez et al., 2021; Tullis & Maddox, 2020; Yan et al., 2014), we developed a study strategy 
survey according to learning and cognition characteristics of elementary school students.

Ten study strategies were artificially divided into three categories: (1) two high-utility 
study strategies, including spaced study (i.e., “I space out my study sessions over multiple 
days/weeks instead of cramming lots of information the night before the test.”) and self-test-
ing (i.e., “I test myself when I study, such as retrieving what I have learned, trying to recite 
and write down ancient poems, or answering practice questions.”), (2) three low-utility 
study strategies, including highlighting/underlining (i.e., “I underline details or important 
sentences when I read.”), rereading (i.e., “I reread learning materials, such as textbooks and 
notes.”), summarizing (i.e., “After reading learning materials or after class, I summarize 
key knowledge points or concepts.”), and (3) five other study strategies that are widely used 
and may be useful for elementary school students, including note-taking (i.e., “I take notes 
when I study.”), making diagrams, charts or tables (i.e., “I make diagrams, charts or tables 
to summarize key knowledge points or concepts when I study.”), making study plans (i.e., 
“I make study plans in advance and study according to my plans.”), studying with friends 
(i.e., “I study with other people, such as classmates or friends, in a group, and we help each 
other.”), help-seeking (i.e., “When I encounter difficult problems, I seek help from others, 
such as teachers, friends and parents.”). These items were rated on a 6-point Likert scale 
ranging from 1 (totally disagree) to 6 (totally agree). A higher rating score represented more 
frequent use of a given strategy.

1  We thank an anonymous reviewer for suggesting us to calculate and use a composite score as a more reli-
able measure of academic performance.
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Demographic covariates

Gender information was obtained from school records. Annual household income and par-
ents’ educational years were collected from parent surveys. A composite SES score was cre-
ated by standardizing and then averaging annual household income and parents’ educational 
years.

Statistical analyses

First, bivariate correlation analysis was performed via SPSS 22.0 to preliminarily explore 
the associations between use of specific strategies and academic performance. Then, given 
the hierarchical data structure (that is, the sample of students was nested within schools), 
a multilevel linear regression analysis for measuring within-subjects effects at the student 
level (Level 1) and between-subjects effects at the school level (Level 2) was conducted 
using Mplus 8.3. Specifically, to provide a more comprehensive analysis of each strategy’s 
effect while controlling for the influence of other strategies, a two-level hierarchical mul-
tiple regression model with random intercepts and fixed slopes was implemented, where 
use of ten study strategies and control variables (i.e., SES and gender) were entered simul-
taneously to predict academic performance. Full information maximum likelihood (FIML) 
estimation was employed to handle missing data (Collins et al., 2001; Enders & Bandalos, 
2001; Peters & Enders, 2002), which is less biased and more efficient than traditional miss-
ing data approaches.

As an additional note, we assessed multicollinearity among the independent variables 
(i.e., use of ten strategies, SES and gender) within the two-level hierarchical multiple regres-
sion model using Variance Inflation Factors (VIF) and Tolerance. The results indicated that 
VIF values for all independent variables were well below the commonly accepted threshold 
of 10, ranging from 1.00 to 1.68. Additionally, Tolerance values, ranging from .60 to 1.00, 
were all above .10, suggesting a negligible risk of multicollinearity. Given that the mul-
tiple regression model is more suited for capturing the “pure effect” of each strategy while 
controlling for the confounding effects of other strategies, we report results of this multiple 
regression model in the main text.2 We also performed separated analyses to evaluate the 
relation between use of each strategy and academic performance, which showed the same 
result patterns as the multiple regression analysis. The detailed results of separated analyses 
are reported in the Online Supplementary Materials (OSM).

Results and discussion

Below we first report descriptive results. Then, the results of the two-level hierarchical 
multiple regression model with use of ten study strategies and control variables (i.e., SES 
and gender) predicting academic performance are reported sequentially. That is, we report 
the results in the order of high-utility study strategies, low-utility study ones, and others. 
Finally, the roles of SES and gender in predicting academic performance are also reported.

2  Our gratitude goes to an anonymous reviewer for suggesting us to perform a multiple regression analysis.
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Descriptive statistics

Two-tailed bivariate correlations for variables measured in this study are presented in 
Table 1. According to the results, 7 study strategies (i.e., spaced study, self-testing, high-
lighting/underlining, rereading, note-taking, studying with friends, and help-seeking) were 
positively correlated with academic performance, rs = .03 ~ .15, ps < .05. No other statisti-
cally significant correlations were detected.

The most to the least frequently used study strategies were as follows: help-seeking 
(M = 5.11, SD = 1.12), studying with friends (M = 5.03, SD = 1.22), spaced study (M = 4.86, 
SD = 1.23), rereading (M = 4.77, SD = 1.23), note-taking (M = 4.76, SD = 1.28), highlighting/
underlining (M = 4.72, SD = 1.18), self-testing (M = 4.62, SD = 1.31), making study plans 
(M = 4.43, SD = 1.40), making diagrams, charts or pictures (M = 4.30, SD = 1.41), and sum-
marizing (M = 4.01, SD = 1.45).

Relation between use of high-utility strategies and academic performance

An unconditional (or “empty”) multi-level model, in which no predictors were included, 
showed that the school level explained 9.54% of variations of academic performance, and 
that the variation at the school level was statistically significant, p = .001, confirming the 
necessity to adopt a multilevel model to handle the nested data.

As shown in Table 2, the results of the conditional (or “full”) multi-level model dem-
onstrated that after controlling for SES, gender and other study strategies, spaced study 
positively predicted academic performance, β = .10 [.07, .13], SE = .02, p < .001. In other 
words, the present results indicate that elementary school students who frequently engage in 
spaced study tend to exhibit superior academic performance. However, self-testing did not 
predict academic achievement after controlling for SES, gender and other study strategies, 
β = 0 [-.05, .05], SE = .02, p = .995. In brief, even though self-testing frequency positively 
relates to academic performance in bivariate correlation analysis (see Table 1), this positive 
correlation disappears when the confounding effects of SES, gender and other study strate-
gies are controlled for (see Table 2).

Relation between use of low-utility strategies and academic performance

Among the three low-utility study strategies, the results showed that after controlling for 
SES, gender and other study strategies, highlighting/underlining did not predict academic 
achievement, β = .01 [-.04, .06], SE = .02, p = .620. Rereading positively predicted academic 
achievement, β = .11 [.08, .14], SE = .02, p < .001. By contrast, summarizing negatively pre-
dicted academic achievement, β = -.05 [-.10, -.01], SE = .02, p = .026.

In a nutshell, the current findings suggest that elementary school students who frequently 
engage in rereading are associated with better academic performance. However, those who 
frequently use highlighting/underlining and summarizing strategies do not exhibit better 
academic achievement.
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Relation between use of other study strategies and academic performance

The results showed that after controlling for SES, gender and other study strategies, help-
seeking positively predicted academic achievement, β = .10 [.05, .13], SE = .02, p < .001 
(see Table 2). However, making diagrams, charts or pictures, β = -.10 [-.14, -.07], SE = .02, 
p < .001, and making study plans, β = − .10 [-.13, -.07], SE = .02, p < .001, negatively pre-
dicted academic achievement. Note-taking, β = -.01 [-.06, .04], SE = .03, p = .688, and study-
ing with friends, β = .01 [-.03, .05], SE = .02, p = .590, did not statistically predict academic 
achievement.

In brief, the above results showed that elementary school students who are more inclined 
to seek help from others are associated with better academic performance. However, those 
who frequently make diagrams and those who frequently make study plans do not achieve 
better academic performance, and in some cases, even worse.

Relation between demographic covariates and academic performance

As shown in Table 2, the results of the conditional multi-level model demonstrated that 
when use of ten study strategies and demographic covariates were entered simultaneously, 
SES positively predicted academic performance, β = .20 [.17, .24], SE = .02, p < .001, with 
students from higher SES families demonstrating superior academic performance. Addi-
tionally, gender significantly predicted academic performance, β = .04 [.02, .07], SE = .01, 
p = .002, with girls outperforming boys.

General discussion

Employment of appropriate study strategies is crucial for academic success (Dunlosky et 
al., 2013; Hartwig & Dunlosky, 2012; Roediger, 2013). The current study is the first to 
investigate the association between use of specific strategies and academic performance in a 
large sample (i.e., 4,331 participants) of elementary school students in a developing country 
(i.e., China). More importantly, we controlled for the confounding effects of SES and gender 
when assessing the associations.

The current study documented that use of spaced study, rereading and help-seeking posi-
tively related to academic performance in elementary school children when the confound-
ing effects of SES, gender and other strategies were controlled for. However, the results 
showed that use of self-testing, highlighting/underlining, note-taking and studying with 
friends tended not to correlate with academic performance in elementary school students. 
Additionally, summarizing, making diagrams and making study plans even tended to nega-
tively relate to learning outcomes. In line with previous studies (Brown & Putwain, 2022; 
Coleman et al., 1966; Liu et al., 2020; Voyer & Voyer, 2014), the current study also revealed 
that students from higher SES families performed better on academic assessment, and that 
girls outperformed boys.

Consistent with prior laboratory findings (Cepeda et al., 2006; Janiszewski et al., 2003), 
the current study confirms that elementary school students who frequently engage in spaced 
study, one of the high-utility study strategies, exhibit superior academic performance. Addi-
tionally, spaced study is among the top three study strategies frequently used by elementary 
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school children. These findings are encouraging to both researchers and practitioners (i.e., 
students, instructors and policy-makers). Future research should develop potential interven-
tions to facilitate use of spaced study and to guide the generalization of this strategy in real 
educational settings. Furthermore, instructors can teach students about the advantages of 
spaced study based on scientific evidence so that more elementary students can benefit from 
it and, more importantly, use it consistently even at higher levels of education, such as when 
they become college students and have no instructors to supervise their learning all the time 
(Sun et al., 2022).

In line with prior studies (Geller et al., 2018; Hartwig & Dunlosky, 2012; Rodriguez 
et al., 2021; Walck-Shannon et al., 2021), the current study observed a positive bivariate 
correlation between use of self-testing and academic performance. However, it is unex-
pected that use of self-testing did not relate to academic performance when the confounding 
effects of SES, gender and other strategies were controlled for. These findings highlight the 
necessity to control for confounding variables when exploring the pure association between 
use of specific strategies and academic performance, which has been largely overlooked in 
previous studies (Ekuni et al., 2022; Hartwig & Dunlosky, 2012). The absence of “pure” 
association between usage of self-testing and academic performance is inconsistent with the 
lab findings that self-testing is an effective approach to improving learning outcomes (Dun-
losky et al., 2013; Rowland, 2014; Yang et al., 2021), and inconsistent with survey studies 
conducted by Hartwig and Dunlosky (2012) and several other studies (Geller et al., 2018; 
Rodriguez et al., 2021; Walck-Shannon et al., 2021) which observed a positive correlation 
between use of self-testing and academic performance in undergraduates.

Table 2 Standardized parameter estimates for the two-level regression model
Estimate SE Est/SE p-value 95% CI

Fixed effects
Intercept 15.96 1.94 8.24 < .001 [12.17, 19.76]
Slope
 SES .20 .02 10.97 < .001 [.17, .24]
 Gender .04 .01 3.11 .002 [.02, .07]
 Spaced study .10 .02 5.95 < .001 [.07, .13]
 Self-testing 0 .02 -.01 .995 [-.05, .05]
 Highlighting .01 .02 .50 .620 [-.04, .06]
 Rereading .11 .02 7.25 < .001 [.08, .14]
 Summarizing -.05 .02 -2.23 .026 [-.10, -.01]
 Note-Taking -.01 .03 -.40 .688 [-.06, .04]
 Making diagrams -.10 .02 -5.42 < .001 [-.14, -.07]
 Making study plans -.10 .02 -6.62 < .001 [-.13, -.07]
 Studying with friends .01 .02 .54 .590 [-.03, .05]
 Help-seeking .10 .02 4.59 < .001 [.05, .13]
Random effects
 Level 1 (Student) .91 .01 109.49 < .001 [.89, .93]
 Level 2 (School) 1
Deviance 30,263
Note: (1) *p < .05; **p < .01. (2) This table displays the standardized coefficients (i.e., β) of the conditional 
(or “full”) two-level regression model in which ten study strategies and control variables (i.e., SES and 
gender) were entered to predict academic performance. (3) Deviance = (-2) * loglikelihood
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A plausible source for the inconsistent findings regarding self-testing derives from the 
difference in participant samples between the present study (namely, elementary school 
children) and previous studies (i.e., university/college students). On the one hand, any strat-
egy, including self-testing, can be used properly or inappropriately, and the effectiveness 
of a given strategy is discounted if it is used in an inappropriate manner (Dunlosky et al., 
2013; Hartwig & Dunlosky, 2012; Karpicke et al., 2014). For instance, given that children 
are often overconfident when monitoring their learning (Finn & Metcalfe, 2014; van Loon 
et al., 2017), they might stop self-testing prematurely or without checking the correctness 
of their answers (i.e., no feedback), leading to the ineffectiveness of self-testing in improv-
ing learning performance. On the other hand, children generally have poorer memory abil-
ity than adults (Cycowicz et al., 2001) and may therefore frequently suffer from retrieval 
failures when testing themselves, which reduces re-exposure to learning materials. Indeed, 
it has been shown that test-enhanced learning is more likely to be observed when retrieval 
attempts are successful (Jang et al., 2012; Rowland & DeLosh, 2015). Results from a meta-
analysis conducted by Rowland (2014) showed no reliable testing effect when retrieval 
rate during the practice phase was below 50%. Hence, the association between self-testing 
use and academic performance in elementary school children may be obscured by retrieval 
failures.

Although it should be acknowledged that the aforementioned conjectures are not tested 
in the current study, the null relation between usage of self-testing and academic perfor-
mance underscores the necessity to investigate the effectiveness of self-testing with young 
children in educational settings. Despite certain studies confirming the mnemonic testing 
effects for elementary school children (Marsh et al., 2012; Goossens et al., 2014), some 
researchers emphasize the importance of providing guidance and support for retrieval prac-
tices in young children. For instance, Karpicke et al. (2014) found that retrieval practice did 
not enhance learning of educational texts among elementary school children when they were 
not instructed on how to utilize this strategy. Intriguingly, when elementary school children 
received additional guidance and support for successful retrieval practice, they excelled in 
the retrieval task, resulting in a positive impact on final test performance. These findings 
highlight that self-testing can be an effective strategy for young children, particularly when 
accompanied by appropriate scaffolding. Given the substantial benefits of self-testing docu-
mented in previous studies (Dunlosky et al., 2013; Rowland, 2014; Yang et al., 2021), it is 
essential for future research to explore the developmental trends of the testing effect, and to 
investigate effective methods for scaffolding self-testing in self-regulated learning settings 
for elementary school children.

The current study showed that frequency of rereading, a type of low-utility strategies for 
adults, positively related to academic performance in elementary school children in real edu-
cational settings. A possible reason is that simple re-exposing (i.e., rereading) compensates 
for elementary school children’s poor memory ability. In addition, a positive correlation 
was observed between use of help-seeking and academic performance among elementary 
school students. Given that children are complete beginners in learning and typically need 
social support more than adults (Belle, 1989), direct instructions are essential, especially if 
experienced teachers or parents help them solve challenging problems they are encounter-
ing. A bulk of literature has established that appropriate supports from parents, teachers and 
peers contribute to the all-round development of children, including academic performance 
(Ahmed et al., 2010), cognition (Kang et al., 2016) and well-being (Chu et al., 2010). For 
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instance, it has been shown that parental involvement positively relates to academic attain-
ment in elementary school students (Boonk et al., 2018; Englund et al., 2004). Therefore, 
it is necessary to provide adequate support for children and encourage them to seek help 
from others.

Discussing the magnitude and reliability of the effect sizes documented in the current 
study is critically important, especially given the large sample size involved here. Dent and 
Koenka (2016) conducted a meta-analysis to explore the relationship between academic 
achievement and self-regulated learning, including metacognitive processes and use of cog-
nitive strategies among elementary and secondary school students. Their results showed 
weak-to-medium correlations, with r = .20 for metacognitive processes and r = .11 for cog-
nitive strategies. Notably, these effect sizes demonstrated a comparable magnitude of the 
corrections observed here (e.g., spaced study: β = .10, rereading: β = .11, and help-seeking: 
β = .10). Considering that the present results were obtained from real educational settings, 
rather than from laboratory settings in which all other irrelevant variables are strictly con-
trolled for, it is plausible to infer that the effect sizes observed in this study are practically 
meaningful.

Intriguingly, the current study found that use of summarizing, making diagrams and mak-
ing study plans negatively related to elementary school children’s academic performance. 
A possible explanation for these counterintuitive results is that children use these strategies 
inappropriately and excessively, thereby hindering rather than enhancing learning. Taking 
summarizing as an example, it can be effective for students who are skilled at summarizing, 
but it is less feasible for other learners who lack knowledge about how to make a knowledge 
summary, such as children (for a review, see Dunlosky et al., 2013). Similarly, children may 
not be good at planning and have trouble carrying out learning activities as planned due to 
poor action execution (Anderson, 2002), so frequently making study plans does not improve 
their learning performance. Furthermore, when students spend more time using relatively 
ineffective strategies (e.g., summarizing) rather than effective ones (e.g., spaced study), it 
is possible that too much time is wasted in inefficient learning, which then impairs their 
academic achievement. Future research is encouraged to further investigate the robustness 
and underlying mechanisms of these findings.

A limitation of the current study lies in whether elementary school students’ self-reported 
use of study strategies can unbiasedly reflect the strategies they actually use in their daily 
learning. It is plausible that elementary school students may simply be unable to accu-
rately remember the strategies they actually use in daily learning. Additionally, it should be 
acknowledged that self-report results always suffer from response bias, such as bias induced 
by socially desirable responses, commonly observed in survey studies (Furnham, 1986). By 
comparison with self-reports, a more suitable approach to measure students’ strategy usage 
is to directly observe their daily study activities. Another limitation of the current study is 
that the observed relational results cannot be used to infer the causal relationship between 
use of specific study strategies and academic performance. In other words, it is challenging 
to ascertain whether use of specific study strategies directly influences students’ academic 
performance or whether students are more likely to use specific study strategies because 
they possess higher levels of academic achievement. Future research is recommended to 
explore the bidirectional relation between use of specific study strategies and academic per-
formance through conducting longitudinal research and performing cross-lagged analysis.
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Overall, the current study contributes to the literature on use of specific strategies and 
academic performance by controlling for SES and gender in a large sample of Chinese ele-
mentary students. While the current study did not find a reliable relationship between self-
testing and academic performance, it did detect a positive correlation between use of many 
other strategies (e.g., spaced study, rereading and help-seeking) and academic achievement 
in elementary school students. These results have important practical implications. Instruc-
tors and parents should encourage children to study by using these effective study strategies, 
and teach them how to maximize the benefits of these strategies. Future research should 
explore why usage of some other strategies (e.g., self-testing) does not relate to academic 
performance in elementary school students.
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