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ABSTRACT ARTICLE HISTORY
Although students who self-assess effectively often learn better, Received 3 October 2019
creating effective, low-cost interventions to help them do so is Accepted 15 September 2020
a critical challenge. This study examined the effects of a self-
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students’ academic achievement, self-regulation, and motivation. regulation; motivation;
After each homework assignment, students in the experimental learning intervention

group (n = 37) completed a standardised self-assessment diary,
while students in the control group (n = 37) did no additional
work. Difference-in-differences analyses showed that self-
assessment diaries significantly enhanced students’ academic
achievement, self-efficacy, and intrinsic value. Students with lower
past achievement benefited more than other students from the
intervention. The intervention had no significant impact on effort
regulation and self-reflection. Furthermore, effort-regulation, self-
reflection, self-efficacy, and intrinsic value all did not mediate the
link between self-assessment diaries and academic achievement.
The findings can inform researchers and educators aiming to help
students self-assess effectively to improve their learning.

Introduction

Students who self-assess effectively can identify their academic strengths and weaknesses,
and then allocate their educational resources and efforts (self-regulation) efficiently to
form adaptive learning strategies, which likely lead to better learning performance than
others (Boud, 1995; Yan & Brown, 2017). Hence, self-assessment is a crucial learning
strategy for developing self-regulation and life-long learning (Panadero & Alonso-Tapia,
2013; Yan, 2016; Yan & Brown, 2017). Despite some theoretical and empirical support for
a positive link between self-assessment and learning outcomes (Ibabe & Jauregizar, 2010;
Ramdass & Zimmerman, 2008; Topping, 2003), its effects differ across studies, possibly
because of variation in the intervention designs, implementations, teaching methods,
learning environments, available supports for students, and so on (Brown & Harris, 2013;
Panadero & Jonsson, 2013; Topping, 2003). Therefore, we need more empirical research
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(especially with rigorous experimental designs) to identify effective interventions (espe-
cially low-cost, easy-to-implement ones). Furthermore, more work is necessary to (a)
determine whether the effects of self-assessment differ across students by ability and (b)
identify the possible factors mediating the effects of self-assessment on learning
outcomes.

Ideally, self-assessment interventions can effectively develop students’ self-assessment
skills to aid their learning with little teacher effort, time or adaptation. In many education
contexts, like Hong Kong, education reforms and evaluations demand much of teachers’
effort, time and attention, so only such interventions are likely to be sustainable long-
term. Hence, this study tests the effect of a self-assessment diary intervention on students’
learning outcomes, specifically academic achievement, self-efficacy, intrinsic value, effort
regulation, and self-reflection across students with different past achievement levels. It
also tests for possible self-assessment mechanisms that might improve student learning.
We argue that by presenting students with relevant questions within diaries, they can
write diaries that effectively self-assess their learning processes to improve their learning
outcomes. Repeated engagement with such diaries over an extended period of time might
enhance student awareness or likelihood of doing self-assessments, which in turn, might
improve their learning.

Self-assessment, self-regulation, motivation, and academic achievement

This study followed Yan and Brown (2017) process model and operationally defined self-
assessment as ‘a process during which students collect information about their own
performance, evaluate and reflect on the quality of their learning process and outcomes
according to selected criteria to identify their own strengths and weaknesses (p. 1248).
The model acknowledges the complexity of self-assessment and reveals the inner pro-
cesses of self-assessment by depicting common and sequenced self-assessment actions,
including determining the performance criteria, self-directed feedback seeking, and self-
reflection. See Yan and Brown (2017) for details of this model. As demonstrated in recent
review studies (e.g., Brown & Harris, 2013; Panadero et al., 2017), most studies about the
impact of self-assessment focused on three groups of dependent variables: self-regulation
(e.g., self-reflection), motivation (e.g., self-efficacy), and cognition (e.g., academic
achievement).

Zimmerman (2000) defines self-regulation as ‘self-generated thoughts, feelings, and
actions that are planned and cyclically adapted to the attainment of personal goals (p.
14).” He further stipulates that a self-regulated learner (1) monitors learning process; (2)
evaluates qualities of learning outcomes; and (3) takes actions when there are differences
between learning expectations and actual outcomes (Zimmerman, 2015). Hence, there is
a close correlation between self-assessment and self-regulation. Studies (e.g., Panadero &
Romero, 2014; Yan, 2020) found that self-assessment is an ongoing practice across the
whole self-regulated learning process rather than a one-oft action occurring only at the
end of self-regulated learning. Zimmerman (2002) showed that self-assessment of one’s
own work enhances one’s self-regulation competencies including self-observation, self-
judgement, and self-reflection. As demonstrated in Yan and Brown (2017) process
model, one key self-assessment action is self-reflecting on one’s strengths and weak-
nesses. Similarly, students can self-assess to detect discrepancies between their goals and
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their performances, which aids effort regulation (i.e., control of effort and attention while
pursuing learning goals, Carver & Scheier, 2000). After identifying their strengths and
weaknesses, students can regulate their efforts accordingly, such as allocating more time
and effort to address their weaknesses, identifying application conditions for their
strengths, and so on.

Although past studies have linked self-assessment to self-regulated learning, a review
study concluded that the empirical evidence for the benefit of self-assessment interven-
tions on self-regulated learning is inconclusive (Brown & Harris, 2013). A more recent
meta-analysis study of 19 studies about effects of self-assessment intervention revealed
a generally positive effect of self-assessment training on students’ self-regulation strate-
gies, but the effect sizes varied according to the types of self-regulation strategies and the
measures of self-regulation (Panadero et al., 2017). The mean effect size for negative self-
regulation and self-regulation measured with qualitative data' were 0.65 and 0.43 respec-
tively. However, the mean effect size for learning self-regulation, mostly measured by
self-report questionnaire, was only 0.24. Hence, the hypotheses proposed here are that
self-assessment diary can enhance participants’ effort regulation (H1) and self-reflection
(H2).

Motivation is also influenced by self-assessment (McMillan & Hearn, 2008; Mortimer,
1998). In a meta-analysis of 166 studies, Sitzmann et al. (2010) concluded that self-
assessment’s links to motivational outcomes (mean effect size is 0.59) were stronger than
its links to cognitive learning outcomes (mean effect size is 0.34); they argued that self-
assessment ‘is generally more useful as an indicator of how learners feel about a course
than as an indicator of how much they learned (p. 180).” Self-assessment can shape one’s
self-efficacy (Kissling & O’Donnell, 2015; Panadero et al., 2017; Ramdass & Zimmerman,
2008). After recognising one’s strengths and, more importantly, weaknesses for a task
(effective self-assessment), a student can develop suitable strategies to capitalise on their
strengths and dedicate study time to address their weaknesses (Yan & Brown, 2017). By
doing so, these students can increase their autonomy and control over their efforts on the
task, which enhances both their intrinsic motivation (Huang & Liaw, 2007; Mortimer,
1998) and self-efficacy (Vieira & Grantham, 2011).

The effects of assessment interventions on students’ self-efficacy and intrinsic value are
inconclusive. A meta-analysis reported a higher mean effect size of self-assessment
interventions on self-efficacy (0.73) than on self-regulation (ranging from 0.24 to 0.65;
Panadero et al,, 2017), however, some of these reviewed studies found no significant
effects of self-assessment training on self-efficacy across control and experimental groups
(e.g., Andrade et al., 2009; Panadero et al., 2013). Meanwhile, studies measuring the effect
of self-assessment training on intrinsic value are scarce. One study found that students
who were extrinsically motivated showed poorer self-assessment skills, while those with
a commitment to their self- and peer-assessment had greater intrinsic motivation
(Mortimer, 1998); however, these results are based on interview data in an action
research (rather than a controlled experiment). Another study showed that students
with stronger mastery goal orientations engaged in more self-assessment, specifically self-
directed feedback seeking (effect sizes of 0.77 for primary students and 0.83 for secondary
students) and self-reflection (with an effect size of 0.92 for primary students and 0.88 for
secondary students, Yan, 2018a). Theoretically, self-assessment is integral to mastery
goals as it enables students to recognise their learning progress (McMillan & Hearn,
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2008). The positive link between intrinsic value and mastery goal orientation for chil-
dren, adolescents, and college students (Wigfield & Cambria, 2010) suggests a study of
whether self-assessment training increases perceptions of intrinsic value. Hence, we test
the hypotheses that self-assessment diary can enhance participants’ self-efficacy (H3) or
intrinsic value (H4).

Past studies show that students’ self-assessment can aid their academic achievement
across a range of grade levels and disciplines (McDonald & Boud, 2003; Topping, 2003);
notably a review study reported a mean effect size of 0.54 but it varied substantially across
studies (Brown & Harris, 2013), including some with no effect (e.g., Andrade & Boulay,
2003; Panadero et al., 2013). Furthermore, most of the studies only reported the overall
effect of self-assessment on learning gains, but did not test for different effects across
students by past achievement. Notably, a study of a teacher-directed intervention with
a learning progress assessment increased the reading fluency of students with lower prior
reading skills more than that of students those with higher prior reading skills (Forster
et al., 2018). The authors speculated that after the teachers saw the assessment data, they
might have targeted their follow-up instruction towards low achievers, thereby benefiting
them more than higher achievers. Hence, this study tests whether this self-assessment
diary intervention enhances participants’ academic achievement overall (H5a) and
whether this intervention enhances the academic achievement of students with lower
prior academic achievements more than that of students with higher prior academic
achievements (H5b).

However, scholars do not agree on a common self-assessment mechanism. Yan and
Brown's (2017) model specified the self-assessment process as including concrete actions/
strategies such as determining the criteria, seeking feedback, and self-reflection. But the
mechanism by which these strategies improve learning is still unknown. Some argued that
a student who self-
assesses engages in more cognitive and metacognitive learning activities such as clarifying
the learning goals, identifying appropriate assessment criteria, monitoring the learning
process, and self-reflecting (Andrade, 2010; Nicol & Macfarlane-Dick, 2006; Panadero et al.,
2017; Ramdass & Zimmerman, 2008; Yan & Brown, 2017). In a similar fashion, self-
assessment might increase students’ self-efficacy and/or intrinsic value, which in turn,
improve their learning outcomes. However, it is also possible that after students self-
assess, they spend more time and effort to learn; for example, they might seek more
feedback on their performance and, therefore, enhance their understanding of their own
learning (Yan, 2020). Hence, this study tests whether effort regulation, self-
reflection,self-efficacy, or intrinsic value mediate the link between self-
assessment and academic achievement.

Diaries and reactivity effect

A diary study is a method for participants to reflect, write and perhaps act on their own
thoughts, behaviours, and experiences regularly over a period of time. Using a diary as an
educational intervention relies on behaviour changes in a desired direction (reactivity
effect, Shapiro, 2014) as captured via recordings and/or reflections. This positive reactiv-
ity effect is closely related to self-monitoring, a systematic observation and recording of
thoughts, feelings, and behaviours (Klug et al., 2018; Reynolds et al., 2015; Schmitz et al.,
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2011). Mindful monitoring of one’s own behaviour might support learning, though the
behaviours being monitored might occur habitually or even outside of conscious aware-
ness (e.g., Reynolds et al., 2015; Schmitz & Perels, 2011). For example, students who
wrote in diaries with question prompts to promote self-regulation showed more self-
regulated learning behaviours and superior mathematics test outcomes, compared to
other students (Schmitz & Perels, 2011).

In addition to its potential academic benefit, using diary as an intervention also has
important practical advantages. First, a diary does not occupy instruction time. Students
can complete diaries outside of classroom (e.g., at home or during recess) so this activity
does not disturb teachers’ classroom teaching. Second, this intervention does not require
much teacher effort. As many teachers have little time to engage in time-intensive
interventions, they are more likely to faithfully implement an intervention that requires
less time (such as student diaries) than one that requires more time. Third, this diary
intervention is general rather than subject-specific, so it does not require much adapta-
tion to different circumstances (e.g., different teachers, students or courses). Hence, we
can use a well-designed diary repeatedly across different classes and different disciplines.
Lastly, while used as an intervention method to promote target behaviours, diaries can
serve as an informative data collection tool at the same time (Bolger et al., 2003; Iida et al.,
2012). It is therefore regarded as a typical tool in the new wave of self-regulation
measurement featured by the combination of intervention and measurement
(Panadero et al., 2016). As diaries can help collect process data and serve as an interven-
tion method simultaneously, researchers are increasingly recommending its use in
educational studies (e.g., Schmidt et al., 2017; Schmitz et al., 2011).

The present study

The present study aimed to investigate the effects of self-assessment diaries on students’
academic achievement, self-regulation, self-efficacy, and intrinsic value. We hypothesise
that having students use self-assessment diaries enhances their effort regulation (H1),
self-reflection (H2), self-efficacy (H3), intrinsic value (H4), or academic achievement
(H5a). For the impact on academic achievement, it is hypothesised that students with
lower prior academic achievements would benefit more from the diaries (H5b).
Furthermore, we test whether effort regulation, self-reflection, self-efficacy, and/or intrin-
sic value mediate the link between self-assessment and academic achievement.

The setting

Hong Kong’s education system is famous for its examination-orientation. In 2001, the
Hong Kong government initiated a large-scale curriculum reform aiming to develop
students’ ‘learning to learn’ capacity (Curriculum Development Council, 2001).
Accordingly, an assessment reform emphasising assessment-for-learning was promoted
(Curriculum Development Council, 2002). However, despite the positive change at the
system level (e.g., reducing the number of public examinations and introducing school-
based assessment into high-stakes examinations) and teachers’ awareness of the benefits
of assessment for learning, the implementation of assessment for learning in classrooms
is far from satisfactory (Berry, 2011; Yan & Cheng, 2015). In recent curriculum
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documents, Curriculum Development Council (2014, 2017) took a further step by
encouraging schools to integrate assessment-as-learning into the learning and teaching
circle. However, it calls for a paradigm shift that re-conceptualises teacher and student
roles in the assessment process (Yan & Brown, 2020).

Method
Participants

A power analysis based on the mean effect size of similar past studies (d = 0.54; see Brown
& Harris, 2013), with & = 0.05 and statistical power 1-f = 0.80 showed that our
experimental design with a pre-test and a post-test requires a minimum of 30 students
per group. Thus, the study recruited 74 participants (39 females, 35 males; M,g. = 12.2,
SD,ge = 0.42) from two Form 1 (grade 7) classes in one secondary school in Hong Kong.
The school is a direct subsidy school that is allowed to collect school fees in addition to
government subsidies, so students are mainly from families with middle to high socio-
economic status. Also, direct subsidy schools have greater flexibility in various areas
including resources deployment, curriculum design and student admission. The school
uses English as the medium of instruction. Simulations show that a confirmatory one-
factor analysis with four variables and expected factor loadings of 0.8 require only
a sample size of 60 (Wolf et al., 2013).

Design and procedure

We applied a quasi-experimental approach using intact classes to determine the effect of
self-assessment in naturalistic settings. We randomly assign the two classes to one of the
two conditions: self-assessment diary (experimental group; n = 37) or no diary (control
group; n = 37). The same Integrated Humanities (IH) teacher taught both classes. We
selected the TH course for two reasons: 1) IH assignments have many open-ended
questions that give students opportunities to self-assess and reflect; and 2) the time and
location of this course facilitated the participating school’s logistic arrangements.
Although the school did not give us access to data regarding students’ academic perfor-
mance on school-based assessments, the teacher said that the students’ scores on their
last school-based IH assessment indicated that these students in the two classes had
similar academic abilities.

The teacher, all participating students and their parents/guardians all signed written
consent forms. All participating students took the pre-intervention IH achievement test
three days before the intervention, and completed the pre-intervention survey (regarding
self-efficacy, intrinsic value, effort regulation, and self-reflection) two days before the
intervention. During the five-week intervention, all participants received the same
instruction from the same teacher and received eight homework assignments. All the
homework assignments are consistent with the content under the unit ‘Economic devel-
opment in Hong Kong during 1900-1941.” The assignments contain mainly open-ended
questions including short questions and scenario-based questions. After completing each
homework assignment, students in the experimental group had to complete the standar-
dised self-assessment diary. To close the self-feedback loop, teachers encouraged the
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students to act on the self-assessment information (e.g., the weaknesses identified and the
strategies proposed when doing the last assignment) on subsequent assignments. But
teachers did not provide feedback either on students’ self-assessment results or on their
action upon the self-assessment information (to minimise the teacher’s workload). In
contrast, students in the control group only completed the assignments, not the diary. All
participants took the same survey two days after the intervention and the same attain-
ment test three days after the intervention. We invited four students with various
academic performance (one high, two average, and one low) from the experimental
group (recommended by the IH teacher) for a 30-minute focus group one week after the
intervention. As this study requires the teacher’s cooperation, a double-blind design was
not feasible. Still, the research team told the teacher that the impact of the treatment is
unknown in this exploratory study to reduce the likelihood that such expectations aftect
her behaviour (Rosenthal effect, Rosenthal & Jacobson, 1992).

Materials

Attainment test

To assess each participant’s academic competence at each time, we administered two
identical attainment tests before and after the intervention. The test was designed and
scored by the teacher according to a pre-set rubric. During the intervention, the teacher
taught ‘Economic development in Hong Kong during 1900-1941". The tests only have
open-ended questions, which are divided into two sections. The first section has three
short questions. The second section presents two sets of pictures/descriptions about
economic development in Hong Kong, each of which is followed by four questions.
The tasks aim to assess subject-based generic skills relevant to the topic, rather than
curriculum-based knowledge. The maximum score on the test is 40. With this test design,
the difference between pre- and post-tests (if any) is expected to reflects students’
development of their covered subject matter knowledge and skills. To minimise any
potential practice effect, we intentionally did not provide reference answers or discus-
sions after the pre-test.

Survey

The survey consisted of questions for four scales. Three of them including self-efficacy,
intrinsic value, and effort regulation, were from the Motivated Strategies for Learning
Questionnaire (MSLQ) (Pintrich et al., 1991), the most widely-used tool for measuring
motivational and self-regulation strategies. Hilpert et al. (2013) re-examined the factor
structure of the MSLQ and proposed a three-dimension structure with six variables,
including expectancy (variables self-efficacy and control of learning), value (variables
intrinsic value and task value), and self-regulation (variables effort-regulation and
metacognitive regulation). Thus, this study selected one construct from each dimension
as dependent variables to maximise coverage of dimensions while minimising the
survey length. Self-assessment is more closely related to self-efficacy, intrinsic value,
and effort-regulation than to their counterparts within the same dimension, so these
three constructs were used in our study. These three subscales were adopted from the
Chinese version (Lee et al., 2010) of the MSLQ including the self-efficacy scale (7 items,
a =91; eg, I am sure I can do an excellent job on the class assignments and
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homework.), the intrinsic value scale (9 items, a = .92; e.g., I prefer class work that is
challenging so I can learn new things.), and the effort regulation scale (3 items, a = .79;
e.g., Even when study materials are dull and uninteresting, I keep working until
I finish.). We added an additional variable, self-reflection, as it is particularly important
to self-assessment according to Yan and Brown (2017) self-assessment model. The self-
reflection scale (7 items, a = .93; e.g., I seek out the reasons for mistakes I made after
getting back marked work.) was from the Self-assessment Practice Scale (SaPS) devel-
oped by Yan (2018b).

Focus group

The focus groups attempted to collect students’ experiences of completing the self-
assessment diaries and identify possible explanations for the experimental study results.
Hence, we only invited students from the experimental group. The protocol of the focus
group contained questions on three domains including 1) students’ perceptions and
feelings about completing the diary (e.g., How did you feel when filling in the diary?); 2)
the way the diary influences their learning, if any (e.g., Did filling the diary influence your
learning in the IH subject? If yes, how?); and 3) feedback to improve the design and
implementation of the diary (e.g., How can the diary be improved so that it is more useful
to help your learning?).

The intervention: standardised self-assessment diaries

Due to the diary intervention’s practical advantages over other self-assessment interven-
tions (e.g., less requirements for instructional time and teacher workload), we developed
a standardised diary based on the cyclical process model of self-assessment proposed by
Yan and Brown (2017). The questions in the diary were deliberately designed to guide
students to complete a self-assessment process, as depicted in the model. Consider the
self-assessment on assignments for example. Students start the self-assessment process by
first determining the assessment criteria for their assignments. Second, students choose
the external source for feedback on the quality of their assignments via monitoring (e.g.,
from past assignments, text books, reference books) or via inquiry with relevant people
(e.g., peers, parents). Third, students self-reflect, with the support of available feedback,
aiming to identify learning strengths and weaknesses based on the quality of their
assignments. Finally, they are encouraged to propose possible strategies for improve-
ment. Relying on mindful self-monitoring (i.e., a systematic observation and recording of
self-assessment behaviours), the target behaviour (i.e., self-assessment) might occur
habitually or even outside of conscious awareness (e.g., Reynolds et al., 2015; Schmitz
& Perels, 2011). Although it appears that the correlation between self-assessment and
learning is stronger if students receive external feedback on their accuracy (Sitzmann
et al., 2010), this study intentionally excluded teacher feedback to minimise teacher
workload. We aimed to test whether students can benefit from the diary intervention
without teacher feedback.
The standardised diary contains the following components (see Appendix A).

(1) Write down the assignment, i.e., the target of self-assessment;
(2) Specify criteria for their self-assessment;
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(3) Self-rate overall performance on the assignments on a six-point scale ranging from
poor to excellent;

(4) Reflect on their strengths and weaknesses in completing the assignment (when
doing my IH homework, I know that I am best/worst at ...);

(5) Propose possible improvements (To achieve the learning goals, I could ...);

(6) Report their self-assessment practices when doing assignments on a modified Self-
assessment Practice Scale (SaPS) (Yan, 2018b) covering two major self-assessment
actions including self-directed feedback seeking (e.g., I used the textbook to check
my work.) and self-reflection (e.g., I evaluated whether my study strategies help
me learn.).

Students reported spending 5-10 minutes generally to complete a diary. As recency
enhances the reactivity effect, students had to complete self-assessment diaries immedi-
ately after the assignment (Bandura, 1991; Schmitz et al., 2011). Self-monitoring nearer
the monitored behaviour allows reflection on more recalled information and greater
accuracy of such information. The teacher gave feedback to students on their assign-
ments, as usual. To minimise teacher workload, teachers did not give feedback on the
student diaries. By excluding teachers’ feedback to the diaries, we tested whether the
feedback was necessary for a successful self-assessment diary intervention. If not, our
intervention can be effective with little teacher effort, time, or adaptation.

Data analysis

First, we analyse the test and survey data with a difference-in-differences, system of
equations. Then, we use an inductive approach to analyse the data collected through
focus groups.

Statistical analyses of controlled experiment data

Analytic issues and statistics strategies. To help answer the above research questions with
these controlled experiment data, we must address nine analytic issues. These involve
data, outcomes, and explanatory variables (see Table 1).

Data issues include missing data (3% in this study). Missing data can bias results,
reduce estimation efficiency or complicate data analyses. Markov Chain Monte Carlo
multiple imputation estimates the values of the missing data, which is more effective than
deletion, mean substitution, or simple imputation according to computer simulations
(Peugh & Enders, 2004).

Outcome issues include survey measurement errors and multiple outcomes. To
minimise survey measurement error, we use multiple measures for each construct to
create an index that is more precise than any single measure via confirmatory factor
analysis (Joreskog & Sorbom, 2015). We analyse whether sets of questions that appear to
test similar constructs (e.g., self-efficacy, intrinsic value) reflected one or more of them
through factor analyses (Joreskog & Sorbom, 2015). Using Monte Carlo simulation
studies, Hu and Bentler (1999) showed that using a combination of the standardised
root mean residual (SRMR) and one of the following indices tends to minimise Type
I and Type II errors under many conditions for both factor analyses and SEMs: Tucker-
Lewis Index (TLI), incremental fit index (IFI), and root mean square error of
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Table 1. Statistics strategies to address each analytic difficulty.

Analytic difficulty Statistics strategy
Data Set
- Missing data - Markov Chain Monte Carlo multiple imputation

(Peugh & Enders, 2004)
Outcome variables

- Measurement errors on surveys - Factor analysis (Joreskog & Sorbom, 2015)
- Multiple outcomes - System of equations (Kennedy, 2008)
Explanatory variables
- False positives - Two-stage linear step-up procedure
(Benjamini et al., 2006)
- Indirect effects - Mediation test (Sobel, 1982)
- Intervention impact differences across students - Intervention interaction terms (Kennedy, 2008)
- Effect size differences (B, > B,?) - Lagrange multiplier tests (Bertsekas, 2014)
- Robustness - Single outcome models for each outcome (Kennedy, 2008)

- Analyses of original, un-estimated data

approximation (RMSEA). The following threshold values separate good, moderate, and
poor fits for each measure: SRMR (<.08; <.10; good fit if less than .08; moderate fit if
between .08 and .10; poor fit if greater than .10), RMSEA (<.06; <.10), TLI (>.96; >.90)
and IFI (>.96; >.90). As the factor analyses’ resulting factor scores are more accurate than
any single variable, we used them in the regression below. (Our sample size is too small
for a structural equation model (Wolf et al., 2013).) As multiple outcomes can have
correlated unexplained components (residuals) that underestimate standard errors in
ordinary least square regressions, we model them properly with a system of equations
(Kennedy, 2008).

Explanatory variable issues include many hypotheses’ false positives, indirect effects,
intervention impact differences, effect size differences, and robustness. As testing many
hypotheses increases the possibility of a false positive, we reduce their likelihood via the
two-stage linear step-up procedure, which outperformed 13 other methods in computer
simulations (Benjamini et al., 2006). To test for indirect effects, we use a mediation test
(Sobel, 1982). As the impact of the intervention might differ across students system-
atically, we test interaction terms (e.g., intervention * pre-academic achievement test). To
test whether two or more standardised regression coefficients differ significantly, we use
Lagrange multiplier tests (Bertsekas, 2014).

Lastly, we use two variations of the core model for robustness tests. First, a mis-
specified equation for any outcome in a system of equations can introduce errors in
otherwise correctly specified equations, so we model each outcome variable separately.
Second, we repeat the analyses for the original, un-estimated data.

Explanatory model. We tested for differences among the students in the control and
experimental groups after the intervention with the following explanatory model.

Post — Measure,; = ﬂy + ey; + Experimental + Pre — Measure,; + Moderators,;
+ Mediators,; (1)

In Post-Measures, a post-intervention measure y (post-academic achievement, post-self-
efficacy, post-intrinsic value, post-effort regulation or post-self-reflection) of student i has
a grand mean intercept f,, with unexplained component e, (residual).

First, we enter variables indicating the experimental group Experimental and the
pre-intervention value of the corresponding measure y (e.g., pre-academic
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achievement for post-academic achievement; Pre-Measure). Then, we test whether the
intervention systematically showed different effects across types of students (e.g.,
gender) with its variable (gir]) and its interaction term (girl*Experimental). We tested
for intervention differences with respect to gender and its pre-measure (e.g., pre-
academic achievement*Experimental; Moderators). Lastly, we test for indirect effects
by adding post-measures different from the post-measure y as mediation variables
(e.g., for post-academic achievement, we test the other post-measures (post-self-
efficacy, post-intrinsic value, post-effort regulation or post-self-reflection; Mediators).

We tested whether sets of explanatory variables were significant with a nested hypoth-
esis test (x° log likelihood, Kennedy, 2008). As only omitting significant variables might
yield omitted variable bias, we safely remove non-significant variables to increase preci-
sion and reduce multicollinearity (Kennedy, 2008).

Analysis of data from focus groups

The focus groups were audio-recorded and transcribed. We used an inductive approach
(Thomas, 2006) to analyse and classify the participant responses into three categories
including (1) students’ perceptions and feelings about completing the diary; (2) the way
the diary influences their learning, if any; and (3) feedback to improve the design and
implementation of the diary. We analysed the data as follows. First, two researchers (the first
author and a well-trained research assistant) independently read the transcript thoroughly
to become familiar with the data. Second, the two researchers extracted relevant content and
coded them into meaning units. Third, we compared the units determined by the two
researchers for consistency, and discussed disagreements to reach a consensus agreement.
Finally, the first author coded the meaning units and clustered them under the above
determined categories. These interview data illustrate the results of the experimental study.

Results
Results of controlled experiment data

The factor analysis of the four constructs’ respective items (self-efficacy, intrinsic value,
effort regulation, self-reflection) showed a good fit of a four-factor solution to the data
(SRMR = .073; TLI = .960; IFI = .965; RMSEA = .085). As expected, factor loadings had
a mean of 0.80 (minimum factor loading was 0.77).

The difference-in-differences, system of equations results showed significant inter-
vention differences on several measures, some significant moderation, and no significant
mediation (see Table 2; for descriptive statistics, see Appendix Table A.1 and A.2). After
the intervention, the experimental group outperformed the control group in academic
achievement (13.581), controlling for their prior academic achievement, which supports
Hb5a. As expected, students showing higher academic achievement on the pre-test scored
higher on its post-test (0.806). Furthermore, students in the experimental group with
higher academic achievement on the pre-test than other students benefited less from the
intervention (—0.816), supporting H5b. Together, these explanatory variables accounted
for nearly 29% of the differences in students’ post-academic achievement (R? = .287).

After the intervention, the experimental group outperformed the control group in
both self-efficacy (2.086) and intrinsic value (2.104), controlling for each pre-measure,
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Table 2. Summaries of a difference-in-differences system of equations modelling students’ academic
achievement, self-efficacy, intrinsic value, effort regulation, and self-reflection in the controlled
experiment, with unstandardised coefficients (and standard errors in parentheses).

Post-intervention Dependent Variables

Academic Self- Intrinsic Effort Self-
Explanatory variable achievement efficacy value regulation reflection
Constant 6.896 ** 2.238 i 2.588 il 3.439 *xx 3.114 *xx
(2.350) (0.440) (0.412) (0.554) (0.402)
Experimental 13.581 i 2.086 * 2.104 * 0.729 1.574 t
(3.725) (0.925) (0.842) (1.035) (0.887)
Pre-Academic 0.806 i
achievement test (0.170)
Experimental * -0.816 **
Pre-Academic (0.278)
achievement test
Pre-Self-efficacy 0414 b
(0.120)
Experimental * -0.417
Pre-Self-efficacy (0.228)
Pre-Intrinsic 0.302 **
(0.109)
Experimental * —-0.389
Pre-Intrinsic (0.203)
Pre-Effort regulation 0.181
(0.131)
Experimental * -0.131
Pre-Effort regulation (0.236)
Pre-Self-reflection 0.241 *
(0.098)
Experimental * -0.301 t
Pre-Self-reflection (0.205)
R? 0.287 0.231 0.232 0.041 0.128

tp <.10, *p <.05, **p <.01, ***p <.001

supporting H3 and H4. No moderators were significant. Together, these explanatory
variables accounted for over 23% of the variances in students’ self-efficacy and intrinsic
value (R* = .231 and .232).

The experimental group did not significantly outperform the control group after the
intervention on effort regulation or self-reflection (no support for H1 and H2), though
the self-reflection difference (1.574) was nearly significant (at p <.1). Also, the interaction
term Experimental*Pre-self-reflection was also nearly significant (-.301, p < .1).

Box plots of pre- and post-measures for each dependent variable in control and
experimental groups, as presented in Figure 1, showed that outliers or extreme scores
did not cause the intervention effects. All other variables that were not shown in the
results were not significant (e.g., gender).

Results of focus group data

Students’ responses in the focus groups were categorised into three themes including (1)
perceptions and feelings about completing the diary; (2) the way the diary influences
their learning; and (3) feedback to improve the design and implementation of the diary.
As the main purpose of the focus groups was to explore possible explanations for the
experimental study results, we briefly summarised main points of the results here, leaving
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Pre-Test Post-Test Pre-Intrinsic Value Post-Intrinsic Value

Control Experimental Control Experimental Control Experimental Control Experimental

Pre-Self efficacy Post-Self efficacy Pre-Effort Regulation Post-Effort Regulation

Control Experimental Control Experimental

Pre-Self Reflection Post-Self Reflection

Control Experimental Control Experimental

Figure 1. Box plots of pre- and post-measures for each dependent variable in control and experi-
mental groups.

the direct excerpts and interpretation in the discussion about the results of the experi-
mental data.

As for perceptions and feelings about completing the diary (Theme 1), all four
students found this self-assessment diary differed substantially from their usual routines.
Their previous self-assessment worksheets mainly asked them to self-grade their perfor-
mance and identify areas of difficulties. All four students felt that completing the diary
was interesting at the beginning, but one of them reported that his interest decreased
after completing the diary 3-4 times. With regard to the way the diary influences their
learning (Theme 2), all four students found the diary useful for their learning in some
way. Three students viewed answering the questions in the diary as a reminder to check
their own work after finishing the assignments. Two students reported that the diary
taught them some self-assessment strategies, such as seeking family members’ advice and
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reviewing the parts of work that might be wrong. All four students agreed that the diary
could be useful in learning subjects other than IH, but their opinions regarding which
subject varied among their weaker subjects (N = 2), interesting subjects (N = 1), or
difficult subjects (N = 1). Students also gave some feedback to improve the design and
implementation of the diary (Theme 3). One student said the questions in the diary could
vary from time to time to maintain students’ interest. One suggested completing the diary
online. Another said the diary could be shorter.

Discussion

The present study investigated the effects of self-assessment diaries on student learning.
We hypothesised that engagement with self-assessment diaries would enhance partici-
pants’ effort regulation (H1), self-reflection (H2), self-efficacy (H3), intrinsic value (H4),
and academic achievement (H5a), and students with lower prior academic achievements
would benefit more from the diaries (H5b). The results did not support H1 or H2, but
generally supported hypotheses H3, H4, H5a, and H5b.

Effect on effort-regulation, self-reflection, self-efficacy, and intrinsic value

The results showed that self-

assessment  diaries did  not  significantly = enhance  students’  self-
regulation, notably their effort regulation or self-

reflection. In contrast, self-

assessment diaries could significantly enhance students’ self-
efficacy, consistent with past studies (Kissling & O’Donnell, 2015; Panadero et al.,
2017; Ramdass & Zimmerman, 2008). Self-

assessment might have increased mastery experiences, which in turn, enhanced self-
efficacy. Self-assessment diaries also significantly increased students’ perceived intrinsic
value, consistent with Mortimer’s (1998) action research, in which enhanced competence
and self-

awareness helped them differentiate between the difficulty levels of various learning tasks.
By self-

assessing, these students might have enhanced their insight into their own progression in
learning (McMillan & Hearn, 2008; Mortimer, 1998). Such self-awareness might rein-
force their engagement and enjoyment in learning, namely the intrinsic value they attach
to the learning tasks.

Notably, self-efficacy and intrinsic value are closely related to motivational and affective
processes, while self-reflection and effort regulation are closer to cognitive processes.
Hence, these results are consistent with Sitzmann et al’s (2010) meta-analysis, which
found that self-assessment was more strongly linked to motivational outcomes than to
cognitive learning outcomes. We speculate that the lack of self-assessment instruction and
support might reduce the effectiveness of the intervention on self-reflection and effort
regulation. The intentional exclusion of supporting measures to self-assessment, such as
explicit rubrics and external feedback minimised the teacher’s workload, but might, at the
same time, reduce the instructional benefits of self-assessment. Without such supports,
students might have more difficulty using effective self-reflection or effort regulation
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strategies. Nevertheless, this speculation remains untested because the internal mechanisms
of self-assessment are still unknown. Some studies (e.g., Yan & Brown, 2017) unpacked the
behavioural process within self-assessment, but the cognitive and affective mechanisms for
student self-assessment remain a black box (Andrade, 2019).

The short duration of the intervention (five weeks) might also partially explain the
non-significant impacts on self-reflection and effort regulation. In a meta-analysis of
intervention studies promoting self-regulated learning in primary and secondary schools,
Dignath and Biittner (2008) found that longer interventions yielded larger effect sizes.
Although there is no ideal duration for effective interventions, five weeks might not
suffice  for students to learn, practice, and master deep  self-
regulation  strategies, such as  self-reflection and effort regulation.

Another potential explanation for the lack of significant impact of self-assessment
diaries on self-regulation is related to the inaccuracy in measuring self-regulation
through self-reported questionnaire. Panadero et al. (2017) criticised the validity and
accuracy in measurement of self-regulation using self-reported questionnaires because
of (a) students’ inability in recording their self-regulation actions when they are
concentrating on a task; (b) the lack of standards for students to evaluate their self-
regulation; and (c) a general tendency of inaccuracy in self-assessing self-regulation,
especially in retrospective situations. In contrast, some qualitative methods, such as
think-aloud protocols, capture self-regulation immediately, directly, and therefore
likely to provide a valid account of students’ actual use of self-regulation. Panadero
et al. (2012) study showed that the effect of self-assessment on self-regulation was
greater when measured via think-aloud protocols than via self-reported question-
naires. Future studies might consider superior approaches to collecting self-
regulation data.

Effect on academic achievement and the interaction with students’ prior academic
achievements

The results indicated that completing self-assessment diaries significantly enhanced
students’ academic achievement. This result is consistent with most past studies of self-
assessment interventions (e.g., Boud et al., 2013; Brown & Harris, 2013). As a student said
during the focus group, the diary reminds her to self-assess (seek feedback and self-
reflect) when doing assignments, ‘the diary reminded me to check whether my answers in
the assignment are correct ... now I would ask my friends or classmates if I don’t
understand’. Another student said, ‘Before this (completing the diaries), it is done
when I finished the assignment. But now I am reminded to check what I have done
well, and what should be further improved.’

Students with lower pre-test scores tended to have higher increases in their post-test
scores, suggesting that students with lower prior achievement benefited more from the
diary intervention than students with higher prior achievement. As pre-test scores and
self-reflection were not significantly correlated (r = .05), neither low-achieving students
nor high-achieving students were more likely to self-reflect, thereby eliminating two
possible explanations ([a] low-achieving students did not self-reflect more to learn more,
and [b] high-achieving students did not already self-reflect more, which otherwise would
have rendered the diary intervention redundant). This result is consistent with the
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finding reported in a study of an assessment-based instruction intervention showing that
it did not benefit all students (Forster et al., 2018). Even within the same intervention
(e.g., self-assessment diary), accommodating ability differences among students might
require differentiated designs.

Unlike Forster et al.’s (2018) study, teachers did not provide feedback in this study.
Hence, this study shows that student diaries, even without teacher feedback, aided
student learning. (Note that we cannot rule out the possibility that the novelty of self-
assessment diaries triggered greater engagement, resulting in (a) higher achievement
overall, or (b) greater engagement by low achievers and hence still greater achievement).
For example, an interviewee with low academic achievement said, ‘T seldom did self-
reflection after completing assignments, but, after doing these diaries, I frequently check
my assignments and try to figure out which area should be improved’.

Another possible explanation is student motivation. According to Bandura (1991), the
reactivity effect of self-monitoring is more salient for persons with higher motivation;
those with greater desire to change their behaviour often attend to their behaviour more.
In the focus groups, the low and average achievers were generally positive about
completing the diaries, while the high-achieving student was bored, saying ‘I felt bored
after completing the diary 3-4 times as the diary items remained the same.” While the
diary intervention benefited many students’ learning, maintaining high-achieving stu-
dents’ motivation is a challenge for future diary intervention designs.

All students in our focus groups mentioned that these diaries can be useful in learning
other academic subjects, but their opinions regarding which subject differed. Two
students said that it might be particularly useful in their weaker subjects. For example,
one student said T am not good at Chinese and I think this diary might help me learn
Chinese ... by making me think more and reflect more.” Another student said that it
would be useful for interesting subjects (e.g., English language and Mathematics), and the
last one said that it would be useful for difficult subjects, ‘It might be useful in Chinese
history since there is a huge amount of learning contents that provides more space for
self-reflection.’

This study explored the mechanism(s) by which self-assessment influences academic
performance. None of the explanatory variables significantly mediated the link between
self-assessment and academic achievement. Notably, self-regulative learning activities
(effort regulation and self-reflection) did not mediate this link in these data, contrary to
the theoretical claims of past researchers (e.g., Andrade, 2010; Panadero et al., 2017;
Ramdass & Zimmerman, 2008; Yan & Brown, 2017). This discrepancy might result from
the short duration of the intervention and inaccuracy of measuring self-regulation with
a survey, as discussed above. We also cannot exclude the possibility that other self-
regulated activities not covered in this study mediated the link between self-assessment
and academic achievement. Also, the positive impact of self-assessment on academic
achievement did not operate via greater self-efficacy or intrinsic value. Possibly, when
students self-assessed, they spent more time and effort on unmeasured productive
learning activities, such as feedback seeking, which in turn improved their learning
outcomes (Yan, 2020).
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Implications for practice

In addition to the theoretical implications discussed in the above sections, this study has
practical implications for classroom pedagogy. Identifying effective ways to help students
develop productive self-assessment practice is challenging (Deneen, 2014). As most
students do not learn to self-assess on their own, someone needs to teach and guide
them to do so (Boud, 1995; Yan, 2020; Yan et al., 2020).

Self-assessment diaries provide a standard tool, which students can easily use, with
sufficient flexibilities to cater for different teaching and contextual scenarios. For
instance, teachers can easily revise the items/questions in the diaries to cater for various
requirements imposed by different subjects and learning targets (e.g., fractions vs.
plurals). In contrast to ad hoc self-assessment activities led by teachers in classroom, self-
assessment diaries enable students to repeatedly engage in interactions with assessment
criteria and feedback on their performance, which can enhance their long-term evalua-
tive judgement (Tai et al., 2018).

Moreover, the self-assessment diary is simple and entails little teacher effort or classroom
instruction time, unlike past interventions requiring extensive teacher training or teacher
feedback (e.g., McDonald & Boud, 2003). As shown in these results, students who wrote
their diaries without any teacher feedback still showed greater learning outcomes. Hence,
students can benefit from diary interventions without substantially increasing teacher
workloads, an especially important concern in contexts like Hong Kong with heavily-
burdened teachers. If future studies replicate the results reported in this study, then self-
assessment diaries’ academic benefits would suggest their incorporation into classroom
practice as a sustainable solution for aligning assessment and learning. Future studies can
test whether having teachers or others facilitate students’ self-assessment with external
feedback, rubrics, or scripts, enhances their learning outcomes more than diaries alone.

Limitations and future studies

This study’s limitations include a small sample size, a short intervention period of five
weeks, only one academic subject, and a simple control group. Future studies can use
larger samples. Notably, the nearly significant self-reflection results merit further study
with larger samples. Moreover, the intervention period in this study was only five weeks,
so future studies can test the effects of shorter versus longer interventions. As several
students suggested that the diaries might be helpful in supporting learning in other
academic subjects, future studies can test whether a well-designed diary template
improves learning outcomes across classes and disciplines. Lastly, future studies can
assign additional activities to control groups so that they parallel the experimental group
more closely.

Although self-assessment diaries were linked to superior learning outcomes, the effect
was greater for low-achieving students. Hence, educators can consider how to improve
the intervention design for (bored) high-achieving students, such as maintaining their
interest over time. For example, future studies might use fewer reminders or include self-
assessment tasks that are more challenging (e.g., identify not only mistakes but also
possible reasons for them) to determine if either of them increases the learning outcomes
for higher achievers.
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Another point worth noting is that self-assessment interventions have two major
considerations. One is to enhance students’ engagement in self-assessment, the other is
to improve the quality of self-assessment. The current study emphasised the former to
design a simple intervention without increasing teaching workload. Still, we deliberately
designed the prompts questions in the diary to guide students’ self-assessment process
and improve their quality. Students’ responses in the focus group appeared to support the
general applicability of the self-assessment tasks. Hence, this study verified that engage-
ment in self-assessment, even in a very simple way, is useful. Future studies can
determine ‘how best to scaffold effective formative self-assessment’ (Andrade, 2019, p. 9).

Conclusion

In this study, self-assessment diaries (without teacher feedback to the completed diaries)
showed the potential to enhance students’ learning performance. Specifically, the benefits
of self-assessment diaries include greater academic achievement, self-efficacy, and intrinsic
value. However, the effect on effort regulation or self-reflection were not significant. As
this self-assessment diary does not require much teaching workload or instruction time, it
is likely more sustainable than interventions that are more demanding, especially in
contexts where manpower and resource are limited. These findings can inform researchers
and educators seeking to foster students’ self-assessments to enhance their learning.

Note

1. Effect sizes can be calculated from qualitative data as long as that data is processed
quantitatively. For instance, data collected with observations (qualitative data) could be
used to calculate frequencies and then run quantitative analysis (e.g., t tests).
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