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Unraveling the complexity of the 
associations between students’ 
science achievement, motivation, 
and teachers’ feedback
Ioannis Katsantonis *, Ros McLellan  and Pablo E. Torres 
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In recent decades, national science achievement in Greece is following a 
declining trend. A commonly held assumption is that achievement declines 
may occur either due to low quality teaching practices or due to students’ low 
motivation. While motivational beliefs have been linked with achievement, there 
is not enough evidence connecting these motivational constructs with teachers’ 
feedback, which can play an important role in nurturing both students’ motivation 
and achievement. Given that less is known about how these variables collectively 
function in predicting students’ science achievement, the present study draws 
upon the Greek (N = 5,532 students, N = 211 schools) PISA 2015 dataset to address 
this issue. A serial multiple mediation multilevel structural equation model 
was deployed. The results illustrated that the association between feedback 
and science achievement was partially mediated by the complex network of 
associations between students’ motivational beliefs. Intrinsic motivation was 
the strongest predictor of achievement, while feedback positively predicted 
students’ motivational beliefs. Unexpectedly, feedback was a negative predictor 
of achievement both at the individual and school level. The results suggest that 
interventions are needed to target specifically teachers’ feedback practices and 
intrinsic motivation.
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1. Introduction

A comparative inspection of the time-series of the Greek national achievement in secondary 
schools indicates a decreasing trend in science achievement (OECD, 2014, 2016a, 2019). While 
there are many possible factors contributing to this trend (e.g., school, family, peers), it is argued 
that the most proximal factors influencing achievement, that are of educational and psychological 
importance, are those related to processes taking place in schools, classrooms and students 
themselves, such as teaching strategies as well as students’ motivation to learn. More distal 
factors, such as the structure of the educational system or the national curriculum, are typically 
stable and beyond the influence of students and teachers in centralized governing systems, such 
as the Greek one (Kougias and Efstathopoulos, 2020). The psychological processes, though, that 
are under the explicit control of the learners are malleable to change (Winne and Nesbit, 2010), 
and, thus, susceptible to psychoeducational interventions. One of the most critical psychological 
factors affecting students’ learning and achievement is motivational beliefs, such as self-efficacy, 
intrinsic and extrinsic motivation, and goal orientations (cf., Skaalvik and Skaalvik, 2006; 
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Hulleman et  al., 2010; Richardson et  al., 2012; Pitsia et  al., 2017; 
Karakolidis et  al., 2019; Katsantonis, 2020). Hence, the question 
remains whether academic achievement can be explained in part by 
students’ motivational beliefs.

The teaching quality, narrowly defined as strategies/practices 
implemented by teachers, could also be an explanatory factor of the 
declines in academic achievement (Schleicher, 2016; Yi and Lee, 
2017). In fact, research on teaching effectiveness has posited that 
teachers’ behaviors and what occurs in classrooms are the most 
significant factors for explaining student outcomes and the 
development of metacognitive skills (Caro et al., 2016; Cordero and 
Gil-Izquierdo, 2018). Among the many teaching strategies 
documented in the literature, feedback practices seem to be powerfully 
related to students’ academic motivation (Hattie and Timperley, 2007; 
Jansen et al., 2022) and achievement (Hattie and Timperley, 2007; 
Wisniewski et al., 2020). Nevertheless, teachers’ feedback may not 
always have a positive influence on students’ achievement (Swaffield, 
2008) due to various reasons that will be described below. Additionally, 
empirical evidence is inconclusive regarding the nature of the potential 
impact of this powerful teaching strategy on students’ 
motivational beliefs.

Hence, the current study draws upon three main theoretical 
perspectives, namely the self-determination theory of intrinsic vs. 
extrinsic motivation (Ryan and Deci, 2000; Ryan and Deci, 2016; Ryan 
and Deci, 2020), the social-cognitive theory of self-efficacy (Bandura, 
1997), and the goal orientation theory (Nicholls, 1984; Ames and 
Archer, 1988; Ames, 1992). Motivational beliefs, such as self-efficacy, 
intrinsic and extrinsic motivation, and goal orientations, have been 
found to be  critical factors affecting students’ learning and 
achievement. Similarly, feedback practices have been identified as a 
powerful teaching strategy that could potentially improve students’ 
academic motivation and achievement. However, the nature of the 
potential impact of feedback on students’ motivational beliefs is 
still unclear.

In short, the aim is to investigate the relationship between 
students’ motivational beliefs, teachers’ feedback practices, and science 
achievement in Greek secondary schools. Specifically, we  seek to 
answer the following overarching research question: How do students’ 
motivational beliefs and teachers’ feedback practices collectively 
function as a system to predict science achievement in Greek 
secondary schools? By examining the relationship between students’ 
motivational beliefs and teachers’ feedback practices, this study aims 
to contribute to our understanding of the most effective pathways 
toward improved science achievement in Greek secondary education.

2. Theoretical framework

2.1. Complex relationships between 
students’ motivational beliefs

Although achievement motivational beliefs are many (Eccles and 
Wigfield, 2002; Wigfield et  al., 2021), we  attempt to model the 
relationships between self-efficacy, performance-approach goal 
orientation, and intrinsic and extrinsic motivation in this study. These 
motivational beliefs have been postulated as essential components that 
drive students’ forethought stage of self-regulated learning, with the 
latter construct encompassing use of cognitive and metacognitive 

strategies to monitor, control, and regulate learning (Zimmerman and 
Moylan, 2009; Zimmerman et al., 2017). Understanding how these 
motivational factors, which were available in the dataset, are linked 
with feedback practices could have implications for improving 
students’ self-regulated learning, too. Hence, in this section, we briefly 
review some of the extant empirical evidence of the links between 
these motivational beliefs.

Recent empirical evidence illustrated that self-efficacy, defined as 
personal persuasive judgement of one’s capability to complete an 
academic task or activity with success (Ferla et  al., 2009), was a 
significant predictor of higher intrinsic motivation (i.e., enjoyment 
and interest) and lower extrinsic motivation above and beyond 
demographic influences (McGeown et al., 2014). Similarly, a study 
with middle school students found that self-efficacy strongly predicted 
students’ intrinsic motivation which, in turn, predicted effort, 
persistence, and help-seeking behavior (Skaalvik et al., 2015). Thus, 
we hypothesize that self-efficacy would predict greater intrinsic (H1) 
and lower extrinsic motivation (H2).

More complicated appear to be  the structural relationships 
between self-efficacy and goal orientations, defined as the aims/
purposes why students engage in learning tasks (Ames and Archer, 
1988; Ames, 1992; Elliot et  al., 2017; Wigfield et  al., 2021). These 
relationships are mostly undertheorized and underexplored in the 
empirical literature. The general consensus, though, is that noteworthy 
correlations exist between self-efficacy and goal orientations (Skaalvik, 
1997; Midgley et  al., 1998; Ilishkina et  al., 2022). What is not 
unanimously agreed is the directional nature of this relationship. That 
is, some studies found evidence in favor of a direct pathway from goal 
orientations to self-efficacy (Midgley et al., 1995; Roeser et al., 1996; 
Coutinho and Neuman, 2008), while other studies indicated a reverse 
pathway from self-efficacy to goal orientations as will 
be discussed below.

According to the trichotomous model of goal orientations 
(mastery, performance-approach, performance-avoidance; Elliot 
and Harackiewicz, 1996), perceptions of competence and ability 
are assumed to be antecedents of mastery (engaging with a task to 
improve competence) and performance goal orientations 
(engaging with task to demonstrate competence), where high 
perceptions of competence predict greater approach goals 
(mastery and performance-approach), while low perceptions 
predict greater avoidance goals (performance avoidance; Elliot 
and Hulleman, 2017). Hence, we  follow previous theoretical 
evidence (Elliot and Hulleman, 2017) and argue that some form 
of self-awareness is needed before students can opt for a specific 
goal orientation. Therefore, it could be argued that students’ self-
efficacy, as a perception of capabilities, is needed prior to deciding 
on whether to approach (performance-approach) or avoid a task 
(performance-avoidance). This theoretical perspective has 
informed more recent studies. For instance, empirical evidence 
(Skaalvik and Skaalvik, 2006; Diseth, 2011; Putarek and Pavlin-
Bernardić, 2020) illustrated that self-efficacy positively predicted 
performance-approach goals and mastery goals. Thus, 
we  hypothesize that self-efficacy would predict greater 
performance-approach goal orientation (H3). Given that empirical 
research has shown that all the above motivational constructs 
influence students’ achievement outcomes (Carpenter, 2007; 
Cellar et al., 2011; Taylor et al., 2014), we expect positive effects 
on science achievement (H4).
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This brief overview lays the groundwork for the current study. 
Although these motivational psychological variables are firmly 
grounded in substantial empirical and theoretical evidence, we argue 
that it is not well established how they function collectively in 
predicting students’ science achievement and what the nature of the 
relationships between them may be. Moreover, few empirical studies 
have examined what the role of teachers’ feedback, as a powerful 
predictor of achievement itself (Hattie and Timperley, 2007), may 
be in shaping students’ motivations. Hence, in the following section, 
we  discuss the role of teachers’ feedback in shaping students’ 
motivation and achievement.

2.2. Powerful but controversial effects of 
feedback

Feedback is usually defined as information given from an agent 
(i.e., a teacher, in this case) regarding different aspects of one’s (i.e., 
a student’s) performance (Wisniewski et al., 2020). As will be shown, 
theoretical accounts of feedback suggest that it influences students’ 
motivational beliefs and academic achievement. The literature 
records many types of feedback (e.g., summative, formative, 
negative, positive, self-referenced, etc.) that influence outcomes 
differently (Kluger and DeNisi, 1996).

The literature on teaches’ feedback suggests that there a several 
types of feedback that can be offered to students. For instance, if the 
feedback is provided for summative assessment (e.g., end of term 
exam), then it has a judgmental nature, whereas, if the feedback is 
offered within the framework of formative assessment, then it has a 
more descriptive nature (Swaffield, 2008). The impact of feedback is 
not always positive, even though in education it is considered a “good 
thing” (Swaffield, 2008). In fact, a large-scale meta-analysis of 131 
studies revealed that about 40% of the effect sizes documenting the 
association between feedback and attainment were negative (Kluger 
and DeNisi, 1996). On the other hand, students themselves may not 
interpret or incorporate feedback appropriately. An influential review 
notes that students may not perceive feedback as something positive 
since may highlight their low competence and/or lack of skills, or they 
may fail to understand that feedback can act as a helpful guideline 
(Black and Wiliam, 1998). With respect to the frequency of teachers’ 
feedback practices in class, it is noted that it is generally low (Hattie 
and Timperley, 2007). Nevertheless, given that most of the extant 
evidence indicates a positive association between feedback and 
achievement, we expect a positive predictive relationship (H5).

With regards to the links between feedback and students’ 
motivation, the literature suggests that the nature of the relationships 
between feedback and motivational variables is more complex than it 
seems. Depending on the target (i.e., self or task) and the nature (i.e., 
positive or negative) of feedback, Hattie and Clarke (2018) note that 
it can have a beneficial or detrimental effect on students’ self-efficacy. 
In general terms, studies have shown that feedback was associated 
with higher levels of self-efficacy (Chan and Lam, 2010; Duijnhouwer 
et  al., 2010; Abbas and North, 2018). Hence, we  hypothesize that 
feedback would positively predict self-efficacy (H6).

A well-known meta-analysis (Deci et al., 1999) underscored that 
more positive feedback was positively associated with interest-a 
component of intrinsic motivation (Ryan and Deci, 2020). A meta-
analysis of 78 studies found that negative feedback reduced intrinsic 

motivation (Fong et al., 2019). A recent experimental study showed 
that receiving feedback (operationalized as knowledge of results) 
during a computer-administered task was associated with higher 
intrinsic motivation (Abbas and North, 2018). Significantly less is 
known about the relationship between feedback and extrinsic/
instrumental motivation. Evidence coming from one experimental 
study (Oker et al., 2020) and one correlational study (Guo and Wei, 
2019) indicated a positive association between feedback and 
extrinsic motivation. Therefore, it is hypothesized that feedback 
would predict greater intrinsic and extrinsic motivation (H7).

Finally, the association between feedback with goal orientations 
is more nuanced given the multifaceted nature of goal orientations. 
Specifically, a study indicated that self-referential compared to 
normative feedback positively predicted mastery goals and 
negatively predicted performance (approach and avoidance) goals 
(Pekrun et  al., 2014). Another study reported that normative 
feedback (i.e., comparison with others) was linked with more 
performance-approach goals (Shin et  al., 2017). Similarly, an 
experimental study illustrated that students who received normative 
feedback endorsed more performance goals (Butler, 2006). 
Subsequently, it is reasonable to expect that feedback will predict 
greater performance-approach goals (H8).

In sum, most of the above studies have not established what would 
be the simultaneous influence of teachers’ feedback on science self-
efficacy, performance-approach goal orientation, and intrinsic and 
extrinsic motivation. Additionally, given that Greek adolescent 
students are consistently underperforming compared to adolescents 
from other countries, it raises the question whether the impact of 
teachers’ feedback is not that positive after all or whether the problem 
lies with students’ low academic motivation. Hence, the need for 
further research using robust nationally representative data.

In the following section, we  provide a brief overview of the 
pedagogical and structural characteristics of the Greek context 
under study.

2.3. The Greek educational system at a 
glance

The Greek educational system is centrally structured. This means 
that the Ministry of Education and its scientific advisory body called 
the Institute of Educational Policy (formerly, Pedagogical Institute; 
Law 3966/2011, 2011) are responsible for the specification of the 
leadership decisions (e.g., employing teachers, educational funding), 
the design and implementation of the national curriculum, and the 
assessment of teaching and supporting staff in schools (Saiti, 2012; 
Alexopoulos, 2019; Kougias and Efstathopoulos, 2020). In this system, 
(head-) teachers have limited autonomy to intervene in the decision-
making at the school unit (Kougias and Efstathopoulos, 2020).

Regarding the pedagogical content that students are taught, all 
public and private schools are obliged to follow and implement the 
national curriculum that has been established in 2003 (Law 21072b/
C2, 2003). Students are taught using the same textbooks, which are 
provided for free.1 According to a comparative classification of the 

1 http://ebooks.edu.gr/ebooks/v2/allmaterial.jsp
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educational systems, the Greek educational system follows the same 
educational model as the French, Spanish, and Italian systems 
(Bulle, 2011). The curricular organization is following an academic 
trend which focuses on progression and structured development of 
instruction of academic subjects, emphasizes theoretical learning 
through hypothetical-deductive skills and explicit psychological 
processes (i.e., formal exercises for learning; Bulle, 2011). A trend 
comparative analysis of the educational systems has also revealed 
that the Greek system is among the worst performing in academic 
competence, excellence, inclusion, and social equity 
(Dominguez-Gil et  al., 2022). Consequently, more research is 
needed in this context to understand how performance may 
be improved.

2.4. The present study

In the current study, we opted for a teaching quality approach. 
Teaching quality models indicate the importance of teachers’ 
instructional practices for students’ motivational and attainment 
outcomes (Fauth et  al., 2019, 2020). Therefore, it is of utmost 
importance to explore the relationships between teachers’ feedback 
and students’ motivational beliefs and achievement. To this end and 
informed by the reviewed studies, we identified several evidence gaps 
in the extant literature. Most of the existing studies have examined 
the relationships between self-efficacy, intrinsic and extrinsic 
motivation, performance-approach goal orientation, and teachers’ 
feedback in isolation, neglecting how all these variables can 
be connected in a functional system to promote science achievement. 
Additionally, existing models are to some extent misspecified since 
they do not holistically include all these beliefs but students may hold 
multiple motivational beliefs (Pintrich, 2000; Pekrun et al., 2009; 
Wigfield et al., 2015, 2021). Hence, it is of utmost importance to place 
all these factors in an integrated framework.

Specifically, the study aims to answer the following 
research questions:

RQ1: How are self-efficacy, performance-approach goals, intrinsic 
and extrinsic/instrumental motivational beliefs related?

RQ2: How are teachers’ feedback, students’ motivational beliefs, 
and science achievement associated?

As shown in Figure 1, we built and tested a conceptual model that 
explores the complex structure of the associations between teachers’ 
feedback, self-efficacy, performance-approach goals, and intrinsic 
and extrinsic/instrumental motivational beliefs while accounting for 
school effects. In this model, self-efficacy is hypothesized to predict 
all other motivational beliefs. Feedback also predicts all motivational 
beliefs. Motivational beliefs are hypothesized to mediate the 
association between feedback and science achievement, adjusting for 
covariates. Overall, it is hoped that the findings could inform teacher 
training programs or educational policies aimed at improving student 
achievement and motivation.

3. Materials and methods

3.1. Dataset and participants

Participants of this study are adolescent students aged 15 years 
old studying in secondary schools in Greece who participated in 
the Programme for International Student Assessment in 2015 (PISA; 
OECD, 2016a). This dataset includes a range of motivational beliefs 
that are not available in previous or later years of the PISA 
program. The PISA datasets are publicly available for secondary 
analyses. The Greek PISA sample with complete data on the key 
measures of interest amounts to 5,532 adolescent students nested 
in 211 schools. The sample is about equally distributed to gender 
groups with 48% being males and 52% being females. 95.8% of the 
students attended public schools and only 4.2% attended 
private schools.

3.2. Measures

All measures were administered in the context of the PISA 2015 
testing and were validated through the use of the generalized partial 
credit Item Response Theory model (IRT) which freely estimates both 
the difficulty and the discrimination parameters (Muraki, 1992). The 
scales below show good cross-cultural validity and internal consistency 
(OECD, 2017). Below, we describe the content and the psychometric 
properties of the measures. The exact item wordings are available in 
Supplementary material.

3.2.1. Science self-efficacy
A scale comprising 8 items is indexing students’ efficacy 

beliefs about their capability in executing science-related tasks 
(OECD, 2016a). Possible response categories are ranging from 1 
“I could do this easily” to 4 “I could not do this.” A sample item 
is “identify the science question associated with the disposal of 
garbage.” Item responses were reverse-scored so that higher 
scores indicate greater levels of SE. Cronbach’s alpha reliability 
coefficient was 0.86.

3.2.2. Intrinsic motivation-enjoyment and interest 
in science

Intrinsic motivation is operationalized in this study to comprise 
enjoyment of science and interest in science. Students were asked 
how interested they are in several science-related topics. A 5-items 
measure indexes interest in science and it is scored using a Likert-
type scale ranging from 1 “not interested” to 4 “very interested” 
(OECD, 2016a). The scale’s Cronbach’s reliability coefficient was 
0.79. A sample item is “Motion and forces (e.g., Velocity, friction, 
magnetic and gravitational forces).” The enjoyment of science 
measure consists of 5 items scored using a Likert-type scale ranging 
from 1 “strongly disagree” to 4 “strongly agree” (OECD, 2016a). 
Students were asked how much they (dis) agreed with several 
statements about their enjoyment of science. A sample item is “I like 
reading about broad science.” The scale’s Cronbach’s reliability 
coefficient was 0.93.
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3.2.3. Performance-approach goal orientation
PISA 2015 administered a 5-items measure called the 

“achievement motivation” scale (OECD, 2016b). Students were asked 
to rate their (dis) agreement with statements such as “I want to be one 
of the best students in my class.” We  argue that this instrument 
measures performance-approach goal orientation since its items focus 
on performance, and the self, and describe competence to outperform 
others. This interpretation is in line with early works on goal 
orientations (Nicholls, 1984; Ames, 1992). This scale maps onto the 
performance-approach dimension of the trichotomous model (Elliot 
and Hulleman, 2017) of goal orientations. Items were scored using a 
4-point Likert-type scale ranging from 1 “strongly disagree” to 4 
“strongly agree.” The Cronbach’s alpha reliability coefficient was 0.73.

3.2.4. Extrinsic motivation-instrumental 
motivation

A 4-items scale measures extrinsic motivation (OECD, 2016a). A 
sample item is “studying my school science subject (s) is worthwhile 
for me because what I learn will improve my career prospects.” The 
instrument is scored using a 4-point Likert-type scale ranging from 1 
“strongly agree” to 4 “strongly disagree.” The Cronbach’s alpha 
reliability coefficient was 0.89.

3.2.5. Teachers’ feedback practices
A 5-items scale was administered to tap into students’ perceptions 

of how frequently they received feedback regarding their learning 
goals and performance from their science teachers (OECD, 2016b). 

Feedback was measured in terms of frequency of personal 
improvement and was more related to task mastery rather than 
improvement in terms of normative performance. A sample item is 
“the teacher tells me how I am performing in this course.” The possible 
item response options are 4 and range from 1 “never or almost never” 
to 4 “every lesson or almost every lesson.” The Cronbach’s alpha 
reliability coefficient was 0.90.

3.2.6. Science achievement
PISA 2015 used a standardized balanced incomplete design, 

where students responded to different but overlapping batteries of 
science tasks. Afterwards, given the common items, the different 
subsets of the test were equated using IRT modeling to place students’ 
scores on the same continuum (OECD, 2017). This procedure is called 
test equating or linking (Baker, 2001). There is no theoretical 
minimum or maximum for the PISA achievement score; however, it 
has been standardized with a mean of 500 and a SD of 100 (OECD, 
2019). Given the uncertainty in the computation of students’ science 
ability estimates, 10 factor scores (called plausible values) were 
computed for each student, which should be pooled in order to reach 
valid conclusions (OECD, 2017). The reliability coefficient for the 
PISA test in Greece was 0.91.

3.2.7. Control variables
Gender was used as a control variable for science achievement and 

teachers’ feedback. Gender differences in achievement (Yu et al., 2020) 
and feedback perceptions (Hattie and Timperley, 2007; Henderlong 

FIGURE 1

Diagram of the conceptual multilevel SEM model.

https://doi.org/10.3389/fpsyg.2023.1124189
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Katsantonis et al. 10.3389/fpsyg.2023.1124189

Frontiers in Psychology 06 frontiersin.org

TABLE 2 Descriptive statistics for key variables.

Variable Mean (SD) Min-Max ICC Total N

SCIEF 21.55 (5.5) 8–32 0.025 4,855

PERF 15.05 (2.68) 5–20 0.033 5,320

ENJ 13.50 (4.02) 5–20 0.055 5,144

INT 13.23 (3.75) 5–20 0.082 4,531

EXT 11.51 (3.09) 4–16 0.023 5,129

TFEED 10.54 (4.04) 5–20 0.084 5,023

ACHIEVa 454.83 (91.92) - 0.414 5,532

Weighted descriptive statistics adjusting for non-response and complex sampling design. aAll 
10 plausible values were pooled; ICC, Intra-class correlation coefficient for level 2; SCIEF, 
Science self-efficacy; PERF, Performance-approach goals; ENJ, Enjoyment of science; INT, 
Interest in science; EXT, Extrinsic motivation; TFEED, Teachers’ feedback; ACHIEV, Science 
achievement.

Corpus and Lepper, 2007; Cunha et al., 2019) have been reported in 
the literature. At school-level, school type (private, government 
funded private, and public) served as a control given that some 
literature suggests that public schools may have lower student 
achievement (Peterson and Llaudet, 2006; Boerema, 2009).

3.3. Statistical analyses

To begin with our analyses, confirmatory factor analyses with the 
WLSMV estimator were performed at the individual level to ascertain 
the extent to which the scales were displaying internal structure 
validity (Brown, 2015). Afterwards, the intra-class correlation 
coefficients were computed to determine whether the variables can 
be aggregated to the higher level (Heck and Thomas, 2020).

The multilevel serial multiple mediation model was estimated 
through structural equations under the general structural equation 
modeling framework in Mplus 8.7 (Muthén and Muthén, 2017). A 
structural equation multilevel model with so many ordered-categorical 
indicators would have been computationally inefficient to estimate 
due to requiring high dimensional numerical integration (Asparouhov 
and Muthen, 2007). Hence, summed composite scores were calculated 
for the motivational variables and feedback, and single-indicator 
latent factors were formed adjusted for measurement error (1-a 
reliability; Kline, 2016) so that the multilevel model could be estimated 
through robust maximum likelihood (MLR). Predictors were grand 
mean centered in line with methodological guidelines (Hox et al., 
2010). Given that 10 plausible values were generated by PISA 2015 per 
student, we followed existing methodological guidelines (Laukaityte 
and Wiberg, 2017; Khorramdel et al., 2020) and pooled estimates 
across all plausible values using Rubin’s rules (Rubin, 2004) in Mplus.

A bottom-up model-building approach was adopted. In the first 
step, we  estimated a baseline Model A with only the level-1 
specification (see Figure  1) plus a random intercept for science 
achievement. Next, the level-2 specification was added with a random 
intercept for feedback predicting achievement (Model B). An 
alternative Model C was estimated to test possible between-school 
differences in the motivational beliefs. Finally, we tested whether the 
hypothesized pathway from self-efficacy to performance-approach 
goals could be reversed (Model D).

To evaluate the models’ fit, we used a combination of fit indices. 
CFI and TLI values close to/above 0.95 in conjunction with RMSEA 
and SRMR values less than 0.06 are indicating a good model-data fit 
(Hu and Bentler, 1999). These global fit indices are also applicable to 
the multilevel SEM, however, they may conceal level-specific 
misspecification since they describe the degree of fit for the whole 
model (Ryu and West, 2009). It is noted that in multilevel SEM 
(MLSEM), the only fit index that is available separately for all levels of 
the analyses is the SRMR (Silva et al., 2019). Thus, the SRMR values 
are of particular importance in the multilevel SEM analyses. Moreover, 
the Bayesian information criterion was also considered, which is more 
effective in selecting the ‘true’ population model (Bollen et al., 2014). 
Lower values in the information criteria indicate better model fit and 
a more parsimonious model (Silva et al., 2019). Given the stratified 
cluster sampling design implemented by PISA (OECD, 2017), the 
available sampling weights at both levels, the clustering, and the 
stratification design information were included in the modeling to 
adjust the standard errors (TYPE = COMPLEX). The possibility of 

common method bias was also examined through the Explained 
Common Variance (ECV) coefficient (Sijtsma, 2009; Rodriguez et al., 
2016), which indexes variance explained by a common general latent 
factor divided by the total variance explained by the group and the 
general factors (Reise, 2012). ECV values less than 0.80 indicate a 
multidimensional structure (Rodriguez et al., 2016). The ECV was 
calculated using the psych package (Revelle, 2022) in R (R Core 
Team, 2022).

4. Results

4.1. Preliminary analyses

In the first instance, the data were subjected to CFAs to determine 
the extent to which the scales are unidimensional. Modification 
indices were inspected to identify sources of possible misspecification 
for improvement of model fit (Kline, 2016). The goodness-of-fit 
indices of CFA per scale are presented in Table 1.

The values in goodness-of-fit indices in Table 1 indicate that all 
the scales displayed excellent internal structure validity even with 
some minor modifications (correlated residuals) due to meaning 
overlap (Bandalos, 2021). The ECV was equal to 0.36 indicating 
negligible common method variance (Sijtsma, 2009). Descriptive 
statistics (Table 2) and bivariate correlations (Table 3) were computed 
to inspect the distributions and the relationships in the data.

TABLE 1 Results of construct validity testing.

Scale Scaled χ2 (df) CFI TLI RMSEA SRMR

SCIEF 424.568*** (18) 0.981 0.97 0.065 0.024

PERF 37.706*** (4) 0.996 0.991 0.039 0.014

ENJ 44.854*** (4) 1 0.999 0.044 0.003

INT 9.358* (3) 1 0.999 0.02 0.005

EXT 14.182** (1) 1 0.997 0.05 0.003

TFEED 63.053*** (3) 0.998 0.995 0.062 0.006

***p < 0.001; **p < 0.001; *p < 0.05; SCIEF, Science self-efficacy; PERF, Performance-
approach goals; ENJ, Enjoyment of science; INT, Interest in science; EXT, Extrinsic 
motivation; TFEED, Teachers’ feedback.
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As can be  seen from the intraclass correlation coefficients 
(Table 3), science achievement varies significantly across schools 
(41.4%). Additionally, only the frequency of teachers’ feedback 
(8.4%) and interest in science (8.2%) and enjoyment of science 
(5.5%) varied significantly across schools. From the values of the 
correlation matrix, it can be  seen that motivational beliefs are 
modestly positively correlated among themselves. Most notably, 
teachers’ feedback and students’ science achievement were 
negatively correlated.

4.2. Unraveling the complexity between 
science achievement, motivation, and 
teachers’ feedback

To address the research questions, a multilevel serial multiple 
mediation model was built and estimated using a bottom-up 
approach. At the first step, we specified the regression paths at level 1 
(as shown in Figure 1) and permitted only a random intercept for 
science achievement at the school level capturing between-school 
differences in achievement. This model (Model A) had a rather poor 
fit to the data and especially at the school level, scaled χ2(6) = 77.227, 
p < 0.001, CFI = 0.972, TLI = 0.865, RMSEA = 0.046, 
SRMRWITHIN = 0.016, SRMRBETWEEN = 0.437. In addition, the BIC 
reached the following values, BIC = 169184.915. In a second model 
(Model B), a random intercept for teachers’ feedback was added at 
the school level along with the control variable, and the regression 
paths to achievement. Model B had very good fit at all levels, scaled 
χ2(6) = 53.350, p < 0.001, CFI = 0.984, TLI = 0.916, RMSEA = 0.038, 
SRMRWITHIN = 0.016, SRMRBETWEEN = 0.023. In addition, the BIC 
confirmed that Model B is improved, BIC = 169072.193. Further 
covariates (e.g., socio-economic status; immigrant status, etc.) were 
included at both levels; however, the fit indices rejected those models 
indicating that these extra variables do not fit well with the 
theoretical model.

Given that more than 5% of the variance for enjoyment and 
interest could also be explained by school-level factors (Table 2), a 
model (C) was estimated with enjoyment and interest as school-level 
random intercepts predicting between-school differences in 
achievement. Model C’s fit to the data significantly deteriorated, 
scaled χ2(11) = 175.774, p < 0.001, CFI = 0.945, TLI = 0.808, 
RMSEA = 0.052, SRMRWITHIN = 0.01, SRMRBETWEEN = 0.337. Further, 

the information criteria confirmed this degradation in model-data 
fit, BIC = 169236.541. Hence, the conceptual model was the best 
among the alternative models examined.

In addition to the conceptual model, a nested model (Model 
D) was estimated where performance-approach goal predicted 
self-efficacy, instead of the reverse. This was done to ascertain the 
flow of effects given the debate regarding the nature of this 
relationship. The model with the reverse path was significantly 
worse fitting to the data variance–covariance matrix and the 
information criteria confirmed this, scaled χ2(9) = 145.828, 
p < 0.001, CFI = 0.953, TLI = 0.837, RMSEA = 0.052, 
SRMRWITHIN = 0.039, SRMRBETWEEN = 0.023, BIC = 169434.251. Thus, 
self-efficacy was better represented as predicting performance-
approach goals and not the reverse. The models’ fit indices are 
presented comprehensively in Table  4. Standardized parameter 
estimates for the conceptual Model B, which displayed the best fit, 
are shown in Figure 2. Statistically non-significant parameters are 
depicted with dashed lines. All non-dashed lines represent 
regression paths that reached statistical significance at least at the 
5% level.

As can be seen in Figure 2, self-efficacy positively predicted 
science achievement, β = 0.119, p < 0.001. Similarly, interest in and 
enjoyment of science were positive predictors of achievement, 
β = 0.180, p < 0.001; β = 0.193, p < 0.001, respectively. Performance-
approach goals also were a positive predictor, β = 0.079, p < 0.001, 
whereas, adjusting for the rest of the motivational constructs, 
extrinsic motivation undermined achievement, β = −0.061, 
p < 0.01. Self-efficacy was a strong positive source for all other 
motivational constructs with the regression path coefficients 
ranging from β = 0.191 (performance-approach goals) to β = 0.303 
(extrinsic motivation). Higher frequency of teachers’ feedback had 
beneficial influence on self-efficacy, β = 0.094, p < 0.001, 
enjoyment, β = 0.276, p < 0.001, interest, β = 0.156, p < 0.001, and 
extrinsic motivation, β = 0.121, p < 0.001, while it had no impact 
on performance-approach goals, β = 0.030, p > 0.05. Surprisingly, 
higher frequency of teachers’ feedback was associated with lower 
science achievement both at the student level, β = −0.135, 
p < 0.001, and the school level, β = −0.799, p < 0.001. Given that the 
indirect effects (product terms) were very small, they are 
not reported.

With respect to the control variables, gender (female) was a 
negative predictor of both achievement, β = −0.058, p < 0.01, and 
feedback, β = −0.165, p < 0.001. Attending public schools was 
associated with lower achievement between schools compared to 
private schools, β = −0.227, p < 0.001. At the school level, the model 
explained 69% of the variance of between-school differences in 
achievement, whereas the model explained 15.3% of the variance of 
between-student differences at the student level.

5. Discussion

Motivated by the declining science performance in Greek 
secondary schools, the present study, following a pragmatist 
perspective, sought to clarify the extent to which motivational 
factors and teachers’ feedback practices may be  linked with 
achievement. Specifically, this study was informed in part by three 
prominent achievement motivation theories, namely SDT (Ryan 

TABLE 3 Model estimated correlation matrix.

Variable 1 2 3 4 5 6 7

 1. SCIEF 1

 2. PERF 0.195 1

 3. ENJ 0.304 0.216 1

 4. INT 0.312 0.203 0.618 1

 5. EXT 0.299 0.181 0.490 0.352 1

 6. TFEED 0.074 .027ns 0.133 0.125 0.131 1

 7. ACHIEV 0.239 0.189 0.344 0.364 0.138 −0.161 1

All correlations were statistically significant at least at p < 0.01; ns, not significant; SCIEF, 
Science self-efficacy; PERF, Performance-approach goals; ENJ, Enjoyment of science; INT, 
Interest in science; EXT, Extrinsic motivation; TFEED, Teachers’ feedback; ACHIEV, Science 
achievement.
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and Deci, 2020), social-cognitive theory (Bandura, 1997), and goal 
orientations theory (Nicholls, 1984; Ames and Archer, 1988). In 
brief, we aimed to disentangle the complexity between self-efficacy, 
intrinsic and extrinsic motivation, performance-approach goals, 
and teachers’ feedback. Hence, the contribution of this study is 
twofold. Firstly, the theoretical contribution of this work is that 
we  merged parallel strands of achievement motivation research 
with feedback under a unified framework in predicting science 
achievement. Secondly, the educational contribution of this study 
is that through this unified approach it is possible to gain a better 
understanding of how we should structure successful interventions 
to increase science achievement.

5.1. Associations between motivational 
beliefs

In greater detail, several hypotheses guided the present 
research. The first research objective was to estimate the effect of 
self-efficacy on the other motivational constructs. The MLSEM 
results illustrated that science self-efficacy (i.e., an academic self-
efficacy) was a substantial predictor of greater intrinsic (enjoyment, 
interest) and extrinsic motivation, and higher performance-
approach goals. The positive effect of self-efficacy on intrinsic 
motivation is a finding which coincides with previous empirical 
evidence suggesting such associations (McGeown et  al., 2014; 
Skaalvik et  al., 2015). Hence, H1 was confirmed. Despite that, 
higher science self-efficacy was predicting higher extrinsic 
motivation, which is a unique finding since past evidence suggested 
that this association was negative (McGeown et al., 2014; Ilishkina 
et al., 2022). Thus, H2 was rejected. This finding probably depends 
on the pedagogical context of Greece. Since the context promotes 
performance structures (value of good normative performance 
ahead of national exams), then feeling able to do something might 
mean being motivated to demonstrate good performance. As the 
model shows this does not necessarily translate to better 
achievement though, quite the opposite.

Another research hypothesis pertained to the directional nature 
of the relationship between science self-efficacy and performance-
approach goals. What is not well-established is that self-efficacy can 
predict goal orientations. Most of the preceding empirical studies 

TABLE 4 Fit indices for two-level models A–D.

Model CFI SRMR 
within

SRMR 
between

BIC

Model A 0.972 0.016 0.437 169184.915

Model B 0.984 0.016 0.023 169072.193

Model C 0.945 0.01 0.337 169236.541

Model D 0.953 0.039 0.023 169434.251

CFI, Comparative Fit Index; SRMR, Standardized Root Mean Residual; BIC, Bayesian 
Information Criterion. Model A, Level 1 mediation and random-intercept only model for 
science achievement; Model B (conceptual model), Model A plus the level 2 random 
intercept of science achievement predicted by feedback and the control; Model C, Model B 
plus random intercept for enjoyment and interest predicting achievement at level 2; Model 
D, Model B but reverse pathway from performance-approach goals to self-efficacy. Bold 
values indicate the best fitting model.

FIGURE 2

Path diagram of the serial multiple mediation multilevel SEM model (Model B).
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have indicated that goal orientations predict self-efficacy (Midgley 
et al., 1995; Roeser et al., 1996; Coutinho and Neuman, 2008), despite 
the trichotomous model of goal orientations suggesting that 
perceptions of ability and competence are antecedents of 
performance-approach goals (Elliot and Harackiewicz, 1996; Elliot 
and Thrash, 2001; Elliot and Hulleman, 2017). To the best of our 
knowledge, only three studies have estimated the reverse path 
(Skaalvik and Skaalvik, 2006; Diseth, 2011; Putarek and Pavlin-
Bernardić, 2020). The argument that we put forward here is that a 
degree of metacognitive judgment of capabilities in science (i.e., 
science self-efficacy) is needed prior to the adoption of a specific goal 
orientation. This argument has found empirical support since the 
MLSEM model D was rejected. This signifies that higher science self-
efficacy was predicting greater levels of performance-approach goals 
(Model B). Hence, H3 was confirmed.

Another objective was to confirm that all motivational constructs 
would predict students’ science achievement. The modeling (Model 
B) results underscored the fact that students’ academic motivations 
were good predictors of achievement. Much can be said about the 
positive effect of motivation on students’ achievement, but suffice to 
say that the literature supports the positive links between self-efficacy 
and academic achievement (Carpenter, 2007; Schunk et al., 2014; 
Taylor et al., 2014). Although early literature on performance goals 
has associated performance goals with maladaptive patterns of 
learning such as surface learning (Anderman and Young, 1994; 
Midgley et al., 1995; Kaplan and Maehr, 2007), the present results 
disagree to the extent that performance-approach goals weakly 
predicted higher science achievement. This result is in agreement 
with the findings of a large meta-analysis that suggested that 
performance-approach goals with normative reference were 
positively, but weakly, associated with academic outcomes (Hulleman 
et  al., 2010). Another finding is that extrinsic motivation was 
negatively predicting science achievement. Despite that extrinsic and 
intrinsic motivation are not necessarily antagonistic (Cerasoli et al., 
2014) and that a little extrinsic motivation may be  needed to 
be academically flourishing (Lin et al., 2003), the current findings 
concur with recent empirical literature that found support for the 
negative consequences of extrinsic motivation on achievement after 
adjusting for intrinsic motivation (Areepattamannil et  al., 2011; 
Lemos and Veríssimo, 2014; Karlen et al., 2019). Furthermore, the 
present negative effect of extrinsic/instrumental motivation indicates 
that the influence of extrinsic motivation on achievement is, indeed, 
non-additive, adjusting for the rest of the motivational constructs. 
Overall, H4 was partially supported.

5.2. Teachers’ feedback effects on 
motivational beliefs and science 
achievement

Another research objective pertained to the role of feedback in 
promoting science achievement. The present approach differs from 
preceding evidence since it sought to explore from a multilevel 
perspective the impact of feedback both between students and 
between schools. Although extant literature suggests that feedback 
can usually be a powerful positive predictor of achievement at the 
individual-level (Hattie and Timperley, 2007; Hattie and Clarke, 
2018), the current study found that higher frequency of feedback 

was predicting lower achievement both between schools and 
students. This finding is not entirely unprecedented, though, since 
a large-scale meta-analysis found that about 40% of the associations 
between feedback and achievement were negative (Kluger and 
DeNisi, 1996). Nevertheless, the present data do not allow us to 
identify the source of this controversy. However, this result may 
point toward deficits in teachers’ feedback strategies (i.e., low 
quality of feedback) or that feedback is offered exclusively to 
low-achievers and is not provided to all students. An alternative 
hypothesis pertaining to the negative nature of this effect is that 
feedback was provided in an unclear way which induced low 
performance (Hattie and Timperley, 2007). Additionally, students 
themselves may not have interpreted feedback positively and, thus, 
any improvements in achievement may not have been consolidated 
given that feedback may have been interpreted as judgmental of 
their (cap-)abilities. This interpretation seems logical given that 
Black and Wiliam (1998) mention that students may fail to 
comprehend feedback appropriately. Thus, H5 was rejected.

Additionally, the multilevel modeling showed that feedback was 
a significant predictor of self-efficacy, intrinsic and extrinsic 
motivation, but not of performance-approach goals. Thus, H6 and H7 
were supported, but H8 was rejected. This finding is in line with 
preceding evidence indicating that feedback predicted self-efficacy 
(Chan and Lam, 2010; Duijnhouwer et al., 2010; Hattie and Clarke, 
2018) and intrinsic (Deci et al., 1999) and extrinsic/instrumental 
motivation (Guo and Wei, 2019; Oker et al., 2020). Although previous 
studies reported that feedback predicted performance-approach goal 
orientation (Pekrun et al., 2014; Shin et al., 2017), the MLSEM results 
showed that the path from teachers’ feedback to performance-
approach goals did not reach statistical significance. This finding may 
be linked with the nature of the feedback. Specifically, feedback was 
measured in terms of frequency of personal improvement, and, thus, 
was more related to task mastery rather than improvement in terms 
of normative performance. Hence, this may explain why feedback 
had no impact on performance-approach goals.

5.3. Strengths and limitations

Although the present study is not without any limitations, it should 
be noted first that it has many strengths. For instance, a large nationally 
representative sample of about 5,500 students was used, which exceeds 
the median samples in psychology or education (Kline, 2016). 
Additionally, the sample was representative of secondary schools’ 
student population in Greece, which suggests that these findings are 
generalizable to the wider population. Moreover, the present dataset 
allowed us to collectively examine the relations between some of the 
most prominent academic motivational constructs, which is not 
usually feasible through primary data collection. Further, the multilevel 
perspective permitted the examination of the true nature of feedback 
effects at both student and school level. Nevertheless, the present 
approach was constrained since there were no available data on 
mastery goals and avoidance performance goals, or the quality and 
nature of teachers’ feedback practices. Furthermore, the cross-sectional 
nature of the data did not allow for causal conclusions. More research 
is also needed with representative sample to ascertain whether the 
nature of the relationship between feedback and achievement is indeed 
negative between students and schools. Moreover, the dataset is a little 
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bit outdated, however, since the competence indicators (Dominguez-Gil 
et al., 2022), the curriculum, and pedagogical structure of the Greek 
educational system remain relatively stable over time (Kougias and 
Efstathopoulos, 2020) we  could assume that the findings are still 
pertinent but need to be  replicated using other more established 
measures for cross-validation.

6. Conclusion

In conclusion, the above findings indicate that teachers’ feedback and 
students’ motivation do not work, as well as expected, in a system that 
brings to bear positive changes in students’ achievement-at least in this 
context. Although teachers’ feedback had a positive impact on students’ 
motivational beliefs, this positive impact does not directly translate to 
increases in students’ science achievement in Greece. This is supported 
by the inconsistent mediation effects that cancel each other out, resulting 
in a total effect (MacKinnon et al., 2000) of teachers’ feedback that is zero 
for achievement. Thus, the feedback’s predictive effects-at least as 
measured in the current study-are not as powerful as the literature 
portrayed them to be, instead students’ motivations are more powerful.

6.1. Implications for educational policy and 
practice

Despite any limitations of this work, the findings have potential 
implications for educational policy and practice. Specifically, the MLSEM 
revealed that intrinsic motivation and, especially, enjoyment of science, 
was the most beneficial predictor of science achievement in Greece. 
Therefore, the national curriculum’s focus could be shifted more toward 
enhancing students’ enjoyment of science. Additionally, teachers should 
invest in new methods that would make the content knowledge more 
enjoyable and interesting to the students. Of course, these suggestions 
would require a shift from the traditional instructionist model of 
teaching and the stage-like structured teaching of academic subjects 
implemented in Greek schools (Bulle, 2011). Our findings may have 
implications for the Italian, Spanish, and French educational systems that 
follow similar curricular and pedagogical structure as the Greek 
educational model (see Bulle, 2011). In order to improve science 
achievement, we also recommend more evidence-based interventions 
that place emphasis on both cognitive (e.g., self-efficacy) and emotional 
(e.g., enjoyment, interest, goal orientation) motivational forces since our 
results indicated that these had a positive effect on achievement. In 
contrast, parents and/or teachers should make an effort to restrict explicit 
instrumental expectations since extrinsic/instrumental motivation has a 
deleterious effect on achievement.

Beyond students’ motivation, greater emphasis should be placed on 
promoting highly qualitative teachers’ feedback practices. The present 
findings suggest that high frequency of feedback was linked with lower 
achievement, at least in this context. This would suggest the need for 
further teacher training that would place emphasis on appropriate 
strategies for the delivery of feedback, especially since secondary school 
teachers in Greece may not have taken any pedagogical courses (Bista 
et al., 2016). Feedback was generally found to be low; however, students 
may not be  able to recognize or appreciate feedback. Thus, 
we recommend explicit provision of constructive feedback targeted 
specifically at the students’ work. Offered feedback should also not 

be  negative, controlling or uninformative, but should be  highly 
informative and focused both on areas for improvement and specific 
strategies to improve students’ learning (Wisniewski et al., 2020).
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