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This study explored the mediating roles of interest in broad sci- Received 31 January 2024
ence topics (IBST) on the effects of students’ perceptions of teach- ~ Accepted 19 February 2025
ers’ formative assessment on science achievement, using data from KEYWORDS

PISA 2015. We focused on 9,841 15-year-old students from Formative assessment;
Mainland (B-S-J-G) China. The results revealed that: (1) a classical feedback; adaptive

suppression effect, where the near-zero association between stu- instruction; science
dents’ perceptions of teacher feedback and science achievement interest; science
was combined with a direct negative effect on science achieve- achievement

ment alongside positive indirect effects; (2) students’ perceptions
of adaptive instruction positively influenced science achievement;
(3) students’ perceptions of formative assessment strategies (i.e.
teacher feedback and adaptive instruction) directly and positively
affected IBST, which positively affected science achievement; and
(4) IBST mediated the relationships between students’ perceptions
of formative assessment strategies and science achievement. The
theoretical and practical implications of research on teacher forma-
tive assessment and its potential synergy with students’ interest are
discussed.

Formative assessment has emerged as an important facilitator of students’ learning
(Bennett, 2011; Clark, 2012). Teachers' feedback and adaptive instruction are two key
strategies of formative assessment that reflect the nature of teacher-student interac-
tion, with their effective implementation being critical to enhancing students’ academic
achievement (Black & Wiliam, 1998a). Research indicates that both teachers’ feedback
and adaptive instruction can influence students’ motivation (e.g. Fong et al., 2019;
Jansen et al,, 2022) and academic achievement (e.g. Brooks et al., 2021; Katsantonis
et al., 2023; Wisniewski et al, 2019; Yan et al., 2021). However, empirical evidence
regarding the impact of these powerful formative assessment strategies on students’
motivation and achievement remains inconclusive (Fong et al., 2019; Katsantonis
et al., 2023).
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According to the Situated Expectancy Value Theory (SEVT), students’ learning expe-
riences, such as teacher feedback and adaptive instruction they perceived, can affect
their subjective task value (e.g. intrinsic value) and interest, subsequently influencing
their performance (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020). Theoretically,
students with high interest may assign greater intrinsic value to information that
addresses their learning needs and feel satisfied with their learning experience, which
could mediate the effectiveness of their perceived teacher feedback and adaptive
instruction. However, empirically, even if evidence has revealed that student’s interest
in specific subject positively predicts his or her academic achievement (e.g. Katsantonis
et al., 2023; Schiefele et al., 1992; Tan, 2024; Zhang & Wang, 2020; Zhang et al.,, 2021;
Zhou et al., 2022), the impact of students’ perceptions of teacher feedback and adap-
tive instruction on interest remains controversial (Fong et al., 2019; Katsantonis et al.,
2023; Yan et al,, 2021). Therefore, the mechanisms by which students’ perceptions of
teacher feedback and adaptive instruction influence their academic achievement,
particularly when considering the role of interest, are unclear. This study aims to
explore how students’ perceptions of formative assessment (i.e. teacher feedback and
adaptive instruction), along with their interest in broad science topics (IBST), interact
with science achievement using data from PISA 2015.

Literature review
Formative assessment and its link with student learning

Black and Wiliam (1998b) define assessment as the activities that provide information
about students’ learning as feedback to adapt teaching and learning activities. They
also noted that formative assessment occurs when evidence is actually used to modify
instruction to meet students’ needs (Black & Wiliam, 1998b). Teachers benefit greatly
from formative assessment by identifying students’ strengths and weaknesses and
tailoring their instruction accordingly (Black & Wiliam, 1998a, 1998b). Building on
Black and Wiliam’s (1998a, 1998b, 2009) work, a framework regarding formative assess-
ment was conceptualised by Wiliam and Thompson (2008), namely the ‘five key
strategies’ and one ‘big idea’ The ‘five key strategies’ are sharing learning expectations,
questioning, feedback, self-assessment, and peer assessment. The ‘big idea’ in Black
and Wiliam (1998a) formative assessment theory is adaptive instruction, which involves
teachers making adjustments to instructional methods, content, resources, and activ-
ities based on data gathered from formative assessment to better meet students’
individual learning needs. Moreover, formative assessment is a three-step process that
involves identifying where learners are in their learning, establishing their goals or
standards, and providing feedback and adaptive instruction to close any gaps (Black
& Wiliam, 1998a, 1998b). The third step is particularly crucial as it answers the ques-
tion of 'how to get learners there [to their goals]’ (National Research Council, 2001;
Wiliam & Thompson, 2008). Formative assessment enables teachers to make targeted
adaptive instruction based on the information gathered from classrooms. This process
of adaptive instruction involves direct interactions between teachers and students.
These interactions allow for previously identified problems to be solved,
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misunderstandings to be clarified, and scaffolding and support to be provided where
needed (see Bennett, 2011; Kruiper et al., 2022). These targeted approaches to instruc-
tion involved in the process of adaptive instruction, enabled by formative assessment,
have the potential to help students learn more effectively and achieve better outcomes
(Clark, 2012).

It is well documented that formative assessment is associated with students’ aca-
demic achievement (e.g. Bennett, 2011; Hattie, 2009; Katsantonis et al., 2023; Winstone
et al., 2017; Wisniewski et al., 2019; Yang, 2021). For example, Ruiz-Primo and Furtak
(2007) found that effective formative assessment practices may promote students’
science performance in scientific inquiry classes. Herman et al. (2015) also revealed
that students’ science learning was positively impacted by teachers’ formative assess-
ment practices. Teachers' feedback or adaptive instruction that provides constructive
information about students’ learning and explicitly identifies where and how they do
next can positively affect their learning outcomes (Hattie, 2009; Hattie & Timperley,
2007). When students perceive feedback as accurate, timely, supportive, and sustained,
they are more likely to engage actively with it and take steps to improve their learning
(Carless et al., 2011; Weaver, 2006). However, the effect of students’ perceptions of
teacher feedback has also been revealed to be negative (e.g. Katsantonis et al., 2023;
Wisniewski et al.,, 2019; Yan et al., 2021). For instance, Katsantonis et al. (2023) found
that students’ perceptions of teacher feedback negatively predicted science achieve-
ment. Despite this, a recent meta-analysis by Cai et al. (2023) has shown that feedback
has a positive medium effect on students’ academic achievement, with an overall
effect size of approximately g=0.44. Adaptive instruction is essential for ensuring that
feedback is effective and that students are supported in their learning. Teachers can
use data from formative assessments to adjust their instruction, such as providing
additional support or challenging students with more advanced content, which can
help students achieve their learning goals (e.g. Bennett, 2011; Butterfuss et al., 2022).
Empirical studies have revealed a positive relation between students’ perceptions of
adaptive instruction and academic achievement (e.g. Oliver et al., 2021; Yan et al,,
2021). Based on the theoretical and empirical evidence presented, we hypothesised
that students’ perceptions of teacher feedback and adaptive instruction are positively
correlated with science achievement in this study.

Formative assessment, science interest, and science achievement

Previous research has also revealed the role of formative assessment in increasing
students’ interest (e.g. Deci et al.,, 1999; Katsantonis et al., 2023; Rakoczy et al.,, 2019).
Formative assessment can be viewed as an effective strategy for fostering students’
science interest, particularly if it is perceived positively by them (Osborne & Dillon,
2008). For example, Burns et al. (2019) and Katsantonis et al. (2023) have shown that
students’ perceptions of teacher feedback positively predicted science interest. Students’
interest may increase when they perceive formative feedback as useful (Rakoczy et al.,
2019). Those who have perceived formative feedback in science are more likely to
develop IBST (Burns et al., 2019; Katsantonis et al., 2023). In addition, from the per-
spective of SEVT, students’ subjective task values—such as intrinsic value and
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interest—are shaped by their learning experiences, which include the feedback they
receive from teachers and the adaptability of instructional methods tailored to their
individual needs (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020). When students’
perceptions of feedback align with their specific needs, it not only clarifies expecta-
tions but also encourages them to engage more deeply with the content. Similarly,
when their perceptions of adaptive instruction resonate with their individual learning
styles and paces, this further supports their engagement. As students experience
teaching methods that match their learning preferences, they are more likely to find
the material relevant and meaningful, which increases their IBST.

Research has shown that children develop an initial interest in science even before
they reach middle school (Dabney et al., 2013; Maltese & Tai, 2010; Tai et al., 2006).
This early interest can serve as a foundation for the development of more sustained
individual interest in science over time (Krapp et al., 1992). Individual interest is
defined as a student’s relatively sustained propensity to specific content over time
and the immediate psychological state when this propensity is activated (Hidi &
Renninger, 2006). Individual interest in science, which is typically associated with
deeper understanding of the subject matter, positive emotions, and increasing refer-
ence value (Krapp et al., 1992), can have a significant impact on students’ science
learning and achievement. In the PISA 2015 assessment, IBST was measured with
specific science topics. This aligns with Hidi and Renninger’s (2006) concept of indi-
vidual interest as an enduring predisposition to specific content. Therefore, in this
study, IBST is considered a form of individual interest.

Empirically, numerous studies have consistently found a positive correlation between
students’ science interest and their science achievement (e.g. Burns et al.,, 2019;
Katsantonis et al.,, 2023; Liou, 2021; Schiefele et al., 1992; Tan, 2024). This relationship
is expected to be strong because science subjects are often considered challenging
and more dependent on students’ motivation levels (Schiefele et al., 1992). For instance,
Katsantonis et al. (2023) found that among various motivational beliefs, science interest
emerged as one of the strongest predictors of science achievement. Collectively,
students’ science interest plays an important role in science achievement.

It is worth noting that SEVT suggests a possible indirect mechanism between
students’ perceptions of formative assessment and their academic achievement via
science interest (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020). According to SEVT,
students’ experiences, like their perceptions of teacher feedback or adaptive instruc-
tion, can influence the development of intrinsic value and interest, subsequently
affecting their science achievement (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020).
When students perceive feedback as constructive and instruction as responsive to
their individual needs, they are more likely to find the learning material valuable and
engaging. This enhanced intrinsic value and interest can lead to greater motivation
and persistence in their studies, ultimately resulting in improved academic performance
in science. Empirical evidence has been found to support this indirect relationship
(e.g. Burns et al., 2019; Katsantonis et al., 2023). For example, Burns et al. (2019) have
found that students’ perceptions of formative feedback indirectly affected their science
achievement via intrinsic valuing in a significant way. As Burns et al. (2019) measured
intrinsic valuing of science as a higher-order factor using two scales from PISA 2015:
enjoyment of science and IBST, each with five items, it is necessary to investigate
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whether IBST, as individual interest, continues to play an important role between
students’ perceptions of specific formative assessment strategies and science achieve-
ment when excluding enjoyment.

The present study

’

Based on the SEVT and the aforementioned literature, students’ perceptions of teachers
formative assessment, especially their perceptions of teacher feedback and adaptive
instruction in science classes may positively influence their individual interest in sci-
ence and science achievement when their needs are satisfied (Eccles & Wigfield, 2020;
Wigfield & Eccles, 2020). Additionally, students’ individual interest in science can also
positively affect their science achievement (e.g. Cheng & Wan, 2016; Lau & Ho, 2022;
Osborne et al., 2003; Tan, 2024). In this study, we sought to propose a mediation
model to understand the potential impact of students’ perceptions of teacher feedback
and adaptive instruction in science class on IBST, as well as the direct and indirect
effects of these factors on science achievement. Figure 1 displays the hypothesised
model. The specific hypotheses were tested in this study:

H1. Students’ perceptions of teacher feedback are positively associated with IBST and sci-
ence achievement.

H2. Students’ perceptions of adaptive instruction are positively associated with IBST and
science achievement.

H3. IBST mediates the relationship between students’ perceptions of teacher feedback and
science achievement.

HA4. IBST mediates the relationship between students’ perceptions of adaptive instruction
and science achievement.

Figure 1. Hypothesised model depicting the association between the constructs.



364 D.ZHANG ET AL.

Method
Participants

This study used data from PISA 2015, focusing on 9,841 15-year-old students from
four participating regions in China : Beijing, Shanghai, Jiangsu, and Guangdong (B-S-J-G
[Chinal). Beijing, along with these three regions located on the Southeastern coast
of China are considered more economically developed areas in China (GDP per capita:
over US$10,000, National Bureau of Statistics of China, 2016). In these regions, local
educational decisions are generally made with a great deal of autonomy (Hu, 2022).
The sample in PISA was selected using a complex two-stage sampling method (OECD,
2017b). In the first phase, schools were chosen by probability proportional to size
(PPS) sampling method. During the second phase, systematic sampling method was
used to sample students with equal probability. The selected students (average age:
15.7 years old, female: 47.6%) were from 268 schools.

Measures

Teachers’ formative assessment

Iltems measuring students’ perceptions of teachers’ formative assessment were drawn
from student questionnaires. Students’ perceptions of teachers’ formative assessment
practices in science classes were categorised into students’ perceptions of teacher
feedback and adaptive instruction.

Students’ perceptions of teacher feedback. The PISA 2015 survey quantitatively assessed
students’ perceptions of the feedback they received in science classes by measuring
the frequency of teacher communication concerning performance-related information.
The survey included five distinct items: (1) Performance Assessment—how often
students receive information about their overall performance, (2) Strengths
Identification—the frequency of feedback on students’ strengths, (3) Areas for
Improvement—how regularly students are informed of areas where they can improve,
(4) Improvement Strategies—the frequency at which improvement methods are
suggested, and (5) Goal Guidance—the regularity of guidance on setting performance-
related goals. These items were designed to capture the specific aspect of feedback
provided by teachers, influencing how students perceive and react to the feedback.

Four-point Likert scales were given to participants for their responses (‘never or almost
never = 1, ‘some lessons = 2, ‘many lessons = 3, and ‘every lesson or almost every lesson
= 4'). This scale had an internal consistency reliability of .913. Confirmatory factor analysis
(CFA) results showed a good fit between the data and the one factor model
(x> = 21.758, df=4, p < .001; CFl = .998, TLI = .995, RMSEA = .022, SRMR = .007).

Students’ perceptions of adaptive instruction. PISA asked students to report their
experience of teachers’ adaptive instruction via the adaptive instruction scale consisting
of three items (e.g. 'How frequently does this happen in<science lessons>? The teacher
adapts the lesson to my class’s needs and knowledge’). Students rated the frequency
on a four-point Likert scale (‘never or almost never = 1) ‘'some lessons = 2 ‘many
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lessons = 3, and ‘every lesson or almost every lesson = 4’). The adaptive instruction
scale had an internal consistency reliability of .781. Fit indices for the one factor
model of the construct were x? = .000, df=0, p < .001; CFl = 1.000, TLI = 1.000, RMSEA
= .000, SRMR = .000. This is ‘an identified model with zero degrees of freedom’ (Raykov
et al., 2013, p. 164), indicating that there is a unique solution for the model parameters
that can be determined from the data. It also suggested the model was able to
precisely estimate parameters that reproduced the data.

Interest in broad science topics

IBST scale was developed to measure students’ interest in science topics. There are
five items, such as Biosphere (e.g. ecosystem services, sustainability). As these items
assess students’ relatively enduring predisposition to specific science topics, rather
than being a situational response to immediate cues (Hidi & Renninger, 2006), this
study has considered it to be a scale of assessing students’ individual interests.
Students declared the degree of their interest levels on a scale (‘not interested = 1)
‘hardly interested = 2] ‘interested = 3; ‘highly interested = 4, and ‘l don’t know what
this is = 5). According to the PISA 2015 technical report, the last category has been
recoded as missing (OECD, 2017b). The reliability (Cronbach’s alpha) of the IBST scale
was .787. According to the CFA results, the one factor model fit the data well (x? =
69.333, df=4, p < .001; CFl = .987, TLI = .968, RMSEA = .041, SRMR = .020).

Science achievement

Science was the main subject assessed in PISA 2015. Scientific literacy reflects a
student’s ‘ability to engage with science-related issues, and with the ideas of science,
as a reflective citizen’ (OECD, 2017a). While PISA documents use terms like ‘literacy,
‘competency, ‘achievement, and ‘performance’ interchangeably (OECD, 2017a, 2017b),
numerous studies using PISA data have widely employed the term ‘science achieve-
ment’ (e.g. Burns et al,, 2019; Katsantonis et al., 2023). For consistency with existing
literature, this study adopts the term ‘science achievement’ to represent scientific
literacy. Science achievement was assessed through three competencies: (1) explain
phenomena scientifically; (2) evaluate and design scientific enquiry; and (3) interpret
data and evidence scientifically (OECD, 2017a). Three classes of items (i.e. simple
multiple choice, complex multiple choice, and constructed response) were used for
assessing the competencies and scientific knowledge. Each of the three categories
accounted for approximately one-third of the total items. The PISA 2015 database
has provided 10 proficiency plausible values for science achievement. In this study,
the 10 plausible values were calculated following the suggested procedure in the
PISA data analysis manual (OECD, 2009).

Covariates

Students’ demographic details have been demonstrated to play a significant role in
their learning. For example, students with lower socioeconomic status (SES) tend to
underperform in academic achievement compared to those with higher SES (e.g.
Korous et al., 2022). Similarly, gender differences in achievement are well documented
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(e.g. Reilly et al., 2015). Additionally, repeating a grade level is associated with lower
academic achievement compared to those who did not (e.g. Allen et al., 2009) and
has been considered a covariate in studies using the PISA dataset (e.g. Yan et al.,
2021). SES has been operationalised by PISA 2015 with the index of economic, social,
and cultural status (ESCS) (OECD, 2017b). Thus, this study included these demographic
variables (i.e. ESCS, gender, and grade repetition) as covariates.

Statistical analyses

After excluding the number of valid skips for students’ perceived teacher feedback
and adaptive instruction (6.5%), the missing values for perceived teacher feedback,
perceived adaptive instruction, and IBST were 0.9%, 0.9%, and 1.4%, respectively, all
of which were less than 5% of the whole sample (Rubin et al.,, 2007). Therefore, in
this study, we analysed missing data using the default settings of the Mplus command.

In the subsequent data analysis, the final student weights, 80 balanced repeated
replication values, 10 plausible values, and the recommended calculation in the PISA
data analysis manual were adopted due to the sampling design and measurement
uncertainty (OECD, 2009). Mplus 8.3 programme was used to perform structural
equation modelling (SEM) analysis. A robust maximum likelihood estimator was used
to validate the scale’s construct. Next, we performed SEM using robust maximum
likelihood to estimate the parameters to test the hypothesised model (see Figure 1).
In addition, the indirect effect was further examined through bootstrapping analysis
by resampling and replacing data 10,000 times. Both the bias-corrected interval and
the confidence interval were at 95% (Taylor et al., 2008).

Results
Preliminary analyses

According to the CFA results, the three factors structure (students’ perceptions of
teacher feedback, students’ perceptions of adaptive instruction and IBST) showed a
good fit with x> = 1464.873, df=62; p < .001; CFl = .942; TLI = .927; RMSEA = .048;
SRMR = .034. All items had factor loadings above .6, except for two loadings of .505
and .483 for items 4 and 5 of the IBST scale, respectively.

Table 1 displays the descriptive statistics and correlations for the main variables
and covariates. Students’ perceptions of teacher feedback were significantly and pos-
itively correlated with their perceptions of adaptive instruction (r = .494, p < .01) and
IBST (r = .259, p < .01), but negatively related to science achievement (r=-.069,
p < .01). Students’ perceptions of adaptive instruction were positively correlated with
IBST (r = .248, p < .01) and science achievement (r = .164, p < .01). Similarly, IBST
was positively correlated with science achievement (r = .175, p < .01).

Direct effect and the effects of covariate variables

Data fit well with the direct model: 2 = 2095.565, df=110; p < .001; CFl = .932; TLI
= .918; RMSEA = .043; SRMR = .052. The results revealed that students’ perceptions
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Table 1. Descriptive statistics and correlations between the studied variables.

Mean SD 1 2 3 4 5 6
1. PFEED .25 .93 1
2. Al .06 92 494%* 1
3. IBST A5 .81 259** .248** 1
4. ESCS -1.07 1.10 .034%** 125%* 17 1
5. Gender .53 .50 .102** —.041%* 165** .014** 1
6. Grade 21 41 .0571%** —.047%* -.016** —.187** .096** 1
repetition
7. Science 517.78 100.21 —.069** 164%* 175%* A44%* .047%* —.272%%

achievement

Notes: PFEED =students’ perceptions of teacher feedback; Al=students’ perceptions of adaptive instruction;
IBST=interest in broad science topics; ESCS=economic, social, and cultural status.

*%
p < .01.

of teacher feedback had a significant and negative direct effect on science achieve-
ment (8 = —.252, p < .001), whereas their perceptions of adaptive instruction had a
significant and positive direct effect on science achievement (8 = .197, p < .001).
Additionally, science achievement was significantly influenced by covariates. Specifically,
students with higher ESCS achieved higher science achievement than those with
lower ESCS (8 = .378, p < .001), boys performed better than girls in science achieve-
ment (8 = .066, p < .001), and students who did not repeat the grade had higher
science achievement than those who did (8 = -.186, p < .001).

Mediation effect of interest in broad science topics

The results also showed significant and positive predictive effects of students’ per-
ceptions of teacher feedback and adaptive instruction on IBST (8 = .115, p < .001; B8
= .284, p < .001, respectively), and IBST on science achievement (8 = .231, p < .001)
(see Figure 2). In addition, the bootstrapping analysis revealed that the mediation
effects along both paths were significant (see Table 2). Specifically, IBST significantly
mediated the relationship between students’ perceptions of teacher feedback and
science achievement; similarly, IBST played a mediating role in the association between
students’ perceptions of adaptive instruction and science achievement. Based on the
PISA data, this model revealed that 30.4% of the variance in science achievement
could be explained by students’ perceptions of adaptive instruction, their perceptions
of teacher feedback, and individual interest in science, suggesting these factors col-
lectively contribute to improving students’ achievement in science.

Discussion

The present study examined the association between students’ perceptions of teachers’
formative assessment practices in science lessons (i.e. teacher feedback and adaptive
instruction), and IBST and science achievement using the data of B-S-J-G (China) in
PISA 2015. The primary results were as follows: students’ perceptions of teacher feed-
back were negatively correlated with science achievement, whereas their perceptions
of adaptive instruction were positively related to science achievement. Students’
perceptions of formative assessment strategies (i.e. teacher feedback and adaptive
instruction) directly and positively influenced IBST, and IBST was positively related to
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Figure 2. Structural equation model for students’ perceptions of teacher feedback, their percep-

tions of adaptive instruction, interest in broad science topics and science achievement.
AKX
p <.001.

Table 2. Bootstrap test on mediation effects.

Bias-corrected percentile 95% Cl

Paths Standardised 8 SE Lower Upper
PFEED - IBST - SAch .027%** .006 016 .038
Al = IBST = SAch .066*** .007 .053 .080

Note: PFEED =students’ perceptions of teacher feedback; Al=students’ perceptions of adaptive instruction; IBST=inter-
est in broad science topics; SAch =science achievement.
®xn < 001,

science achievement. Furthermore, IBST mediated the relationships between students’
perceptions of formative assessment strategies and science achievement.

The findings of our study showed that students’ perceptions of teacher feedback
were negatively correlated with science achievement, which contradicted our initial
hypothesis. Upon examining the table of simple correlations and the regression
equations, the results indicated the presence of ‘classical suppression’ (Horst, 1941;
Watson et al., 2013). The correlation between students’ perceptions of teacher feedback
and science achievement was near zero (r=-.069, accounting for less than 1% of the
variation). The correlation between students’ perceptions of teacher feedback and
adaptive instruction, and between students’ perceptions of teacher feedback and IBST
were both positive and moderate. When all three variables were entered into a mul-
tiple regression, the relationships between students’ perceptions of adaptive instruction
and science achievement (8 = .197) and between IBST and science achievement
(B = .231) were both ‘strengthened’ over their simple correlations (r = .164 and
r = .175, respectively). Simultaneously, the relationship between students’ perceptions
of teacher feedback and science achievement transitioned from near zero to moderate,
but negative (8 = —.252). This more negative relationship observed in the regression
(i.e. direct effect) can be understood as a classical suppression effect, where students’
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perceptions of teacher feedback acted as a suppressor that suppressed irrelevant
variation and strengthened the relationships between IBST and students’ perceptions
of adaptive instruction on science achievement. In other words, this suppression
occurs because students’ perceptions of teacher feedback, despite showing a near-zero
correlation with science achievement, help clarify and enhance the predictive validity
of the other variables when included in the model. Thus, the total effect (8 = —.075)
of students’ perceptions of teacher feedback on science achievement, which was close
to zero, could be interpreted as a combination of a negative direct effect and positive
indirect effects that nearly cancelled each other out.

On one hand, the inverse relationship between students’ perceptions of teacher
feedback and science achievement may suggest that students who struggle in science
elicit more frequent feedback from their teachers. This interpretation aligns with the
pedagogical practices of providing targeted support to students who need it most.
Teachers may employ feedback more frequently with lower-achieving students as a
deliberate instructional strategy, believing in its potential to support and improve
learning outcomes for these students. This approach reflects teachers’ professional
judgement in allocating more intensive interventions to those who may benefit most
from them. Furthermore, this finding highlights the importance of not only how feed-
back is perceived but also how students engage with it, a concept known as agentic
engagement in feedback practices (Winstone et al., 2017). According to Winstone et al.
(2017), effective feedback must be actionable and perceived as valuable, requiring a
synergistic approach between how it is delivered, received and used. This synergy is
crucial for maximising the impact of teacher feedback on students’ learning outcomes
in science classes, emphasising the need to enhance both the delivery of feedback and
students’ active engagement with it to improve educational effectiveness.

From a methodological perspective, this tension may arise from the fact that mea-
suring students’ perceptions of teacher feedback can introduce variability that does
not necessarily reflect the actual quality or effectiveness of the feedback itself. For
example, students might report a high frequency of simple feedback evaluating their
science performance, strengths, or areas for improvement while indicating a lower
frequency of elaborative feedback. The latter is often more time-consuming and
challenging for teachers to provide. However, a recent meta-analysis by Cai et al.
(2023) has shown that elaborative feedback, particularly explanatory feedback, was
typically more effective than simple feedback types and was the most effective type
for enhancing learning outcomes. As such, while students may report high frequencies
of teacher feedback on various aspects of science learning, these perceptions do not
always accurately represent the quality of feedback or lead to improved academic
outcomes. Instead, frequent use of simple feedback may be associated with lower
achievement levels, as it may not provide the depth of understanding necessary for
struggling students to improve their performance effectively.

On the other hand, students’ perceptions of teacher feedback may stimulate their
interest and intrinsic value in science learning, which may facilitate their science
achievement (Wigfield & Eccles, 2020). Concurrently, students’ perceptions of adaptive
instruction, which were closely related to their perceptions of teacher feedback,
also enhanced their science learning engagement. This synergy between students’
perceptions of teacher feedback and adaptive instruction positively contributes to
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improving science performance, alongside IBST. These dynamics will be elaborated
upon in greater detail in the following sections, highlighting how students’ perceptions
of teacher feedback and adaptive instruction can foster IBST and promote science
achievement.

Our findings also revealed that students’ perceptions of adaptive instruction were
positively correlated with science achievement. Previous research has also found that
instructional adjustments are beneficial to students’ achievement (e.g. Yan & Chiu, 2023;
Yan et al, 2021). Teachers’ adaptive instruction aims to satisfy students’ needs, which
may be regarded as a cost-effective teaching strategy (McMillan et al., 2013; Wiliam &
Leahy, 2007). This result echoes Wiliam and Leahy’s (2007) argument that adaptive
instruction is essential to effective formative assessment because it helps meet students’
actual learning needs (Wiliam & Thompson, 2008). However, as we mentioned before,
how to implement it effectively is an issue that plagues many science teachers (Furtak
et al,, 2019). Time has been proven repeatedly to be a challenge that teachers struggle
with when adapting their instruction (e.g. Gotwals, 2018; Sezen-Barrie & Kelly, 2017).
There have been some good examples of practice in enabling teachers to achieve shorter
cycles (e.g. day by day or minute by minute) from obtaining information about students
to adapting instruction (Wiliam & Thompson, 2008), which can inform science teaching
practice.

In line with SEVT (Eccles & Wigfield, 2020; Wigfield & Eccles, 2020) and previous
empirical studies (e.g. Burns et al,, 2019), the findings of this study also showed that
students’ perceptions of formative assessment strategies (i.e. teacher feedback and
adaptive instruction) impact science achievement indirectly via IBST. According to
SEVT (Eccles & Wigfield, 2020; Widfield & Eccles, 2020), students’ perceptions of teacher
feedback or adaptive instruction may promote their intrinsic value and interest.
Students with higher interest are more likely to actively participate in such activities,
experience deep learning and achieve better achievement (Wigfield & Eccles, 2020).
Thus, teachers’ feedback and adaptive instruction in science perceived by students
may stimulate their IBST by satisfying their needs and deepening their understanding
of science content, which, in turn, may boost their science achievement (Ashford &
De Stobbeleir, 2013; Burns et al,, 2019). The findings of this study highlight the sig-
nificance of IBST in the mechanism between students’ perceptions of formative assess-
ment (i.e. teacher feedback and adaptive instruction) and science achievement.

The present study has several limitations. One limitation is the cross-sectional
design of the data, which is insufficient to verify the cause-and-effect relationships
of the variables. Although our hypothesised model was well-established based on
SEVT and empirical research, the relationship between science interest and science
achievement may be bidirectional. Science achievement could potentially be both an
outcome and a source of interest. A longitudinal design would be more appropriate
for investigating the causal relationships between these variables and capturing their
potential reciprocal nature over time. Second, apart from the science achievement
being measured objectively, all other measures used in this study were self-reported.
Thus, response bias could exist (Rosenman et al.,, 2011). A more direct and objective
source of data (e.g. observations) on variables may be considered for future investi-
gations. Third, PISA 2015 failed to cover all formative assessment strategies as sug-
gested by the formative assessment theory (Black & Wiliam, 2009). Future research
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can explore the relationship between other formative assessment strategies (e.g.
engineering effective classroom discussion, cultivating students as instructional
resources for each other, and self-assessment) and additional motivational variables.

Implications for theoretical Research and practice

Theoretically, the findings of this study enrich our understanding of the relationship
between students’ perceptions of formative assessment (i.e. teacher feedback and
adaptive instruction), interest, and science achievement. Our findings contribute to
the literature by revealing that students’ perceptions of different types of formative
assessment strategies may have varying effects on students’ science achievement. This
study also provides implications for SEVT. As previously discussed, SEVT articulates
the importance of intrinsic value stimulated by teacher-student interaction (e.g. for-
mative assessment) for students’ achievement. Our findings provide empirical evidence
for this mechanism in science by revealing the mediating role of IBST in the relation-
ship between students’ perceptions of formative assessment (i.e. teacher feedback
and adaptive instruction) and science achievement.

In addition, understanding classical suppression is crucial for interpreting the weak
correlation between students’ perceptions of teacher feedback and science achievement.
This relationship may not accurately reflect the true dynamics at play when multiple
variables are considered simultaneously. We should be cautious not to misinterpret these
findings as evidence of ineffective feedback; rather, we should recognise that students’
perceptions of teacher feedback can play a complex role in educational outcomes.

We found that students’ perceptions of teachers’ adaptive instruction positively
predicted their science achievement. This finding underscores the potential importance
of science teachers identifying students’ needs and adapting their instruction accord-
ingly. However, it is not an easy job for science teachers to make successful instruc-
tional adjustments as it requires a grasp of formative assessment skills and science
subject matter (Duschl & Gitomer, 1997), which may often be lacking for science
teachers (Sezen-Barrie & Kelly, 2017). Therefore, improving science teachers’ formative
assessment skills and content knowledge appears crucial to facilitate the effective
implementation of instructional adaptions in science classrooms.

IBST has been found to contribute to science achievement in this study. This implies
that science teachers need to integrate interesting and attractive information related
to broad science topics (e.g. new science discoveries, science topics in life, science
history) into their daily science teaching. Besides, teachers or schools can organise
science activities or science innovation competitions, which may stimulate students’
curiosity about science and provide them with opportunities to showcase their
science-related experiences and abilities.

Conclusion

In summary, using the data of B-S-J-G (China) in PISA 2015, we examined the association
between students’ perceptions of teachers’ formative assessment practices in science
lessons (i.e. teacher feedback and adaptive instruction), IBST, and science achievement.
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The present study is one of the first to explore the relationships between the four vari-
ables in a mediation model. Specifically, this study contributes to the existing literature
on both formative assessment and interest by revealing: (1) a classical suppression effect
in which the near-zero correlation between students’ perceptions of teachers’ feedback
and science achievement was combined with a direct negative effect of students’ per-
ceptions of teacher feedback on science achievement and positive indirect effects; (2)
students’ perceptions of adaptive instruction positively affected science achievement; (3)
students’ perceptions of teacher feedback and adaptive instruction positively affected
IBST, which had a positive effect on students’ science achievement; and (4) IBST mediated
the relationship between students’ perceptions of formative assessment strategies and
science achievement. The findings enrich our understanding of the association between
students’ perceptions of formative assessment, motivational variables, and academic per-
formance. This study also provides valuable information and implications for science
teachers in terms of how to use formative assessment strategies (e.g. adaptative instruction
and feedback) to enhance students’ science interest and support their science learning.
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