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assertiveness, and curiosity in
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Teacher—student relationships, assertiveness, and curiosity are socio-emotional
constructs that influence science achievement. Assertiveness is associated with
self-confidence and clear expression, while curiosity fosters exploration and a desire
to learn. Investigating their mediating role is important because they represent
modifiable factors that teachers and schools can promote to improve science
achievement. This study aims to examine the mediating role of student—teacher
relationship, assertiveness and curiosity of science achievement. The quality of the
student—teacher relationship (RELATST) was assessed through students’ evaluations
of seven statements that measured the perceptions of respect and interest from
the teachers. Assertiveness (ASSERAGR) measured students’ perceptions through
statements indicating self-confidence. The degree of curiosity (CURIOAGR) assessed
students’ inclination towards curiosity by evaluating their agreements with statements
reflecting a desire to learn and understand, based on data from PISA (2022) in the
OECD Report (2024). Whereas PVSCI represents the results achieved in science from
testing conducted in the same year. The data were analyzed through the following
statistical analysis: confirmatory factorial analysis and second confirmatory factorial
analysis, correlation analysis and mediation analysis for the studied variables. The
findings reveal that the quality of the student—teacher relationship (QST) has a
positive and significant relationship to self-confidence and curiosity, having an
indirect impact on achievement in science (PVSCI). QST also has a positive and strong
impact on assertiveness (f = 0.176, p < 0.001) and curiosity (8 = 0.331, p < 0.001),
while assertiveness impacts curiosity (8 = 0.239, p < 0.001) which consequently
impacts science achievement (§ = 0.221, p < 0.001). These results indicate that
a good relationship with the teacher fosters the development of the student’s
assertiveness and curiosity, which contributes to improving science achievement.

KEYWORDS

assertiveness, curiosity, mediation analysis, PISA, science achievement, student—
teacher relationship

Introduction

The influence of socio-emotional and motivational factors on academic achievement has
aroused the interest of researchers in contemporary education. Student-teacher relationships,
assertiveness and curiosity are considered key elements that can influence student achievement,
especially in the field of science (OECD, 2024, ch. 4). The Program for International Student
Assessment (PISA), implemented by the Organization for Economic Co-operation and
Development (OECD), provides detailed data on the knowledge, skills and behavior of
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15-year-old students in subjects such as mathematics, reading and
science, as well as on the factors that influence how they learn and use
their knowledge in real-world situations (OECD, 2024, ch. 1). PISA 2022,
besides measuring academic knowledge and skills, also encompasses
socio-emotional and motivational dimensions, including student-
teacher relationships, curiosity, and assertive behavior of students. PISA
data show that the quality of relationships with teachers can increase
student engagement and performance, while assertiveness and curiosity
help deepen understanding and active participation in the learning
process (OECD, 2024, ch. 4-5). In this context, this paper aims to explore
the mediating role of student-teacher relationships, assertiveness, and
curiosity in science achievement, using data from PISA 2022. This study
aims to contribute to the understanding of how these factors interact and
help increase students’ academic success in science.

Theoretical background

Student—teacher relationship,
assertiveness, and curiosity framework

This study draws on a conceptual framework that links student—
teacher relationships, assertiveness, and curiosity to science achievement.
In recent literature and in the PISA 2022 conceptual framework, these
three socio-emotional and motivational constructs have been identified
as essential dimensions that help explain student performance in science
(OECD, 2024, ch. 4-5). The PISA 2022 framework emphasizes that
positive interactions with teachers characterized by support, appropriate
feedback, and effective communication are fundamental to student
engagement and learning. Quality relationships with teachers are
associated with higher motivation, self-regulation, and better academic
achievement, while poor relationships can have hindering effects
(OECD, 2024, ch. 4). Assertiveness is described as the ability of students
to express opinions, ask questions, and actively participate in discussions.
PISA considers assertiveness as a factor that promotes active engagement
and deeper understanding of scientific concepts, thus linking the quality
of teaching to student achievement (OECD, 2024, ch. 5). Curiosity,
conceptualized as the willingness to explore and ask questions beyond
the curriculum, is associated with higher engagement in inquiry
practices, seeking explanations, and persistence in problem-solving. This
dimension, in interaction with student-teacher relationships and
assertiveness, helps to strengthen engagement with science content and
improve achievement (OECD, 2024, ch. 4). Science achievement in
PISA 2022 Academic achievement in educational institutions, including
schools, colleges, and universities, refers to the measurable results that
indicate the level of development individuals have made in specific
educational objectives or activities (Suleiman, 2023).

In this way, the theoretical framework of the study positions
student-teacher relationships, assertiveness, and curiosity as important
mediators of achievement in science, thus providing a clear basis for
the formulation of hypotheses and empirical verification in this paper.

Student—teacher relationships and science
achievement

The student-teacher relationship plays an important role in
enhancing science achievement, particularly in fostering assertiveness

Frontiers in Education

10.3389/feduc.2025.1694074

and curiosity. It has been highlighted by various authors, such as Hughes
(2011), who claim that the positive relationship between teacher and
student significantly influences improvements in science subject results.
Moreover, the students’ assertiveness in understanding science positively
impacts their active involvement and success in the subject (Britner and
Pajares, 2006), and assertiveness in science has a positive impact on
academic achievements (Liu and Koirala, 2009). The teacher-student
relationship is a crucial factor for students’ engagement and their
academic achievements (Roorda et al., 2011). The teacher-student
relationship is the most basic and important interpersonal relationship
in school education (Zeng et al., 2024). Moreover, according to the
analysis of the study by Jiang et al. (2025), the student-teacher
relationship affects the self-concept of students’ academic activities in
science, thus explaining the potential difference in the mediation of
emotional activities. Goktas and Kaya (2023) found that positive teacher—
student relationships have a medium-sized positive effect on academic
achievement, underscoring the importance of both intrapersonal and
interpersonal relationships. Ali et al. (2024) confirm that the quality of
the relationship between student and teacher positively affects
achievement in science, through the mediation of intellectual curiosity,
the findings show that the more supportive and positive the relationship
with the teacher, the more students display curiosity about learning,
which directly affects their results in science.

HI: The quality of the student-teacher relationship has a positive
impact on students’ science achievement.

Assertiveness and science achievement

Furthermore, Kim and Lee (2021) also confirmed that teacher
emotional support improves assertiveness and learning satisfaction,
which significantly mediate reading and science outcomes. The
concept of curiosity as a motivator extends to hands-on activities in
chemistry, where Kibga et al. (2021) established that teacher-student
mentorship positively affects students’ collaborative learning efforts,
fostering curiosity-driven inquiry.

These studies emphasize the necessity of supporting curiosity in
educational structures as it is consistent with improving academic
performance and engagement in science. Neurologically based studies
also prove that curiosity helps in learning (Gruber et al., 2014).
Moreover, the mediating role of assertiveness influences the relationship
between teacher-student relationships and academic achievement (Xu
and Qi, 2019). This also aligns with Oraons (2024) findings, which
highlight the significant relationship between assertiveness and
academic achievement among school students. They advocate for
strategies aimed at enhancing assertiveness in educational environments
to boost performance. Also, Cui et al. (2020) in their study of teacher—
student relationships and assertiveness in learning, which were
measured using questionnaires adapted from PISA 2012, the results
showed that teacher-student relationships, assertiveness in learning, and
related academic achievements were all statistically significantly related
to each other. In addition, other studies prove that assertiveness can play
a pivotal role in better academic performance (Putwain et al., 2013).
Assertiveness ability improves psychological-social skills, academic
achievement, and self-confidence. Emotional self-regulation helps
people identify their emotions and helps them succeed in academic
achievement and social interactions. Student-teacher relationship
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quality has a major role in regulating emotions and improving academic
achievement and social interactions (Khalooei et al., 2022).

H2: The quality of the student-teacher relationship positively
influences students’ assertiveness.

H4: The assertiveness of students positively influences
their curiosity.

Heé: Assertiveness mediates the relationship between the quality

of the student-teacher relationship and curiosity.

Curiosity and science achievement

Curiosity is the inner drive for learning or “hunger for learning”
which is among the twenty-first-century learning competencies
(Kibga et al., 2021), and curiosity has a significant positive relationship
with interest in learning science (Gitatenia and Lasmawan, 2022).
Engel (2011) highlights the importance of maintaining curiosity in the
classroom as a key factor for engaging the students in learning science
and recent work has argued that curiosity can improve learning (Wade
and Kidd, 2019). Science requires curiosity, which motivates active
learning and spontaneous discovery (Oudeyer et al., 2016). In science
achievement, curiosity is essential for driving the inquiry process,
prompting students to investigate, formulate hypotheses, and seek
solutions (Gottfried et al., 2016; Whitesides, 2018; Abu Khurma and
El Zein, 2024). Additionally, as Valle et al. (2022) highlighted, active
learning methodologies that stimulate curiosity significantly improve
engagement in science achievement. Also, curiosity is intricately tied
to students’ assertiveness and motivation, which are crucial for
adaptive learning behaviors (Amponsah, 2023; Kim et al., 2019).
Research consistently demonstrates that curiosity aids in enhancing
science learning by promoting an openness to exploration and a
critical approach to evidence evaluation (Casey, 2014; Spektor-Levy
etal., 2013). Curiosity in the educational context is emphasized as an
intrinsic motivator that fosters a deeper connection with learning
materials and fosters inquiry-based learning experiences, particularly
in science (Kang, 2023; Karacan-Ozdemir and Ayaz, 2022; Tsai and
Zheng, 2021). Creativity and curiosity are important variables to
support the science achievement (Ramdani et al., 2022) and curiosity
predicts teacher-student relationships (Amorim Neto et al., 2022).
Kang (2023) asserts that student engagement in science is closely
linked to their science assertiveness, which triggers state curiosity
when students encounter obstacles in their learning process. Mahama
etal. (2023) also examined how students’ innate abilities like curiosity,
affects their achievement in science and found that students who
become curious in their learning situation can improve their academic
performance and achieve their academic goals, especially in science.

H3: The quality of the student-teacher relationship positively
influences students’ curiosity.
their

H5:  Students’ influences

science achievement.

curiosity  positively

Many studies have been undertaken to assess and analyze science
achievement in the PISA test (Fonseca et al., 2011; Lau and Lam,
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2017; Bidegain and Mujika, 2020; Zhang, 2021; Lau and Ho, 2022;
Odell et al., 2020). This research has shed light on various factors that
influence student performance, including cognitive abilities,
socioeconomic status, and institutional factors. However, research to
date has not sufficiently addressed the impact that social-emotional
and interpersonal variables have on science outcomes.

This study aims to fill this gap by examining the mediating roles
of the student-teacher relationship, assertiveness, and curiosity in
science achievement. The nature of the student-teacher relationship
can directly influence students’ emotional engagement and motivation
to learn, thus creating a safe and supportive environment for scientific
exploration. A stable relationship with the teacher can strengthen
assertiveness, as well as foster intellectual curiosity — both of which are
closely linked to improved academic outcomes. In this context, the
current research aims to examine how quality teacher relationships
can foster assertiveness and curiosity in students, and how these two
qualities mediate the impact of teacher relationships on science
outcomes. Drawing on PISA 2022 data, this study provides an
in-depth analysis that can contribute to the design of educational
policies and the improvement of pedagogical practices that strengthen
social and personal factors in students’ science achievements. This
study is mainly focused on student-teacher relationships,
assertiveness, and curiosity, as these emotional and motivational
factors are identified as crucial mediators in achievements in science
subjects. In comparison with immutable factors like intelligence and
socio-economic status, these three factors are impactful through
pedagogical interventions; therefore, they have particular importance
for educational practices and school policies (Roorda et al., 2011;
Oudeyer et al., 2016; Abu Khurma and El Zein, 2024).

H7: Assertiveness and curiosity mediate the relationship between

the quality of the student-teacher relationship and

science achievement.

Methodology

PISA 2022 covered member countries of the Organization for
Economic Co-operation and Development (OECD) and several
partner countries outside the organization. The program assesses the
skills of 15-year-old students in three key areas: science, mathematics,
and reading. Science education systems vary from country to country,
including different curriculum structures, teaching approaches,
teaching hours, and levels of laboratory equipment. This diverse
context allows for the interpretation of student results in relation to
teaching practice and factors influencing science learning. This study
employs quantitative methodology using the secondary data from the
OECD Report (2024) to statistically analyze the relationship between
quality of student-teacher relationships (RELATST), assertiveness
(ASSERAGR), curiosity (CURIOAGR) of students, and PVSCI
(science achievement). A brief description of each variable, along with
the items used to measure it and the rating scale is included below.

Quality of student-teacher relationships (RELATST)—students’
ratings of their agreement with the eight statements (e.g., “The

» <«

teachers at my school are respectful towards me;” “When my teachers
ask how I am doing, they are interested in my answer.”) in question
ST267 were scaled into the index of “Quality of student-teacher

relationships” (OECD, 2024, p. 437). Each of the eight items included
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in this scale had four response options (“Strongly disagree,” “Disagree,”
“Agree;” “Strongly agree”). The data is taken from Table 19.A.22 titled
“Items in the RELATST scale” presented in the OECD Report (2024).

Assertiveness (ASSERAGR) students’ ratings of their agreement
with statements about a range of behaviors indicative of assertiveness
(e.g., “I take initiative when working with my classmates,” “I find it
hard to influence people”) in question ST305 were scaled into the
index of “Assertiveness” Each of the 10 items included in this scale had
five response options (“Strongly disagree,” “Disagree,” “Neither agree
nor disagree,” “Agree,” “Strongly agree”) (OECD, 2024, p. 439). The
data is taken from Table 19.A.32 titled “Items in the ASSERAGR scale”
presented in the OECD Report (2024).

Curiosity (CURIOAGR) students’ ratings of their agreement with
statements about a range of behaviors indicative of curiosity (e.g., “I like
to know how things work;” “I am more curious than most people I know.”)
in question ST301 were scaled into the index of “Curiosity” Each of the
10 items included in this scale had five response options (“Strongly
disagree,” “Disagree,” “Neither agree nor disagree;” “Agree,” “Strongly
agree”) (OECD, 2024, p. 439). The data is taken from Table 19.A.35 titled
“Items in the CURIOAGR scale” presented in the OECD Report (2024).
Tables 1-3 show the different items for these variables.

Research design

The research design for the study is a non-experimental,
correlational design utilizing secondary data from the 2022 Program
for International Student Assessment (PISA). This design is
appropriate for investigating the proposed relationships between

TABLE 1 Teacher-student relationship quality items with codings.

Construct Items and codes

RELATST ST267Q01JA—The teachers at my school are respectful towards me

10.3389/feduc.2025.1694074

quality of student-teacher relationships, assertiveness, and science
achievement without manipulating the environment or conditions of
the participants. The model constructed in this study (Figure 1)
includes four main variables, categorized according to their role in the
conceptual and statistical structure of the analysis. Quality of student-
teacher relationship (RELATST) represents the independent variable,
which is assumed to directly and indirectly influence science
achievement. On the other hand, assertiveness (ASSERAGR) and
curiosity (CURIOAGR) function as mediating variables, mediating
the links between student-teacher relationships and science
achievement. Specifically, the model examines how assertiveness
influences the growth of curiosity and how these two factors together
sequentially influence student science achievement (see Tables 4-7).

The final variable of the model is science achievement (SCI),
which serves as the dependent variable. It is measured through the
plausible values (PVSCI) reported in the PISA 2022 data and
represents the result that is affected by all the factors included in the
model. This structure allows testing hypotheses that include both
direct and mediating effects, providing a broad framework for
understanding the interrelationships between social, personal, and
cognitive factors in academic achievement in science.

Sample

The analyses conducted in this study are based on data from the PISA
2022 application. The used sample was formed utilizing a double stratified
sampling method and consisted of approximately 690,000 students aged
15 years, attending formal education from the seventh grade onwards,

Response

1 = Strongly disagree, 2 = Disagree, 3 = Neither

agree nor disagree, 4 = Agree, 5 = Strongly agree

ST267Q02JA—If I walked into my classes upset, my teachers would be concerned about me

ST267Q03JA—If I came back to visit my school 3 years from now, my teachers would be excited to see me

ST267Q04JA—TI feel intimidated by the teachers at my school

ST267Q05JA—When my teachers ask how I am doing, they are really interested in my answer

ST267Q06JA—The teachers at my school are friendly towards me

ST267Q07JA—The teachers at my school are interested in students’ well-being

ST267Q08JA—The teachers at my school are mean towards me

TABLE 2 Assertiveness items with coding.

Construct  Items and codes Response

1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor
ASSERT ST268Q01JA—I feel safe when expressing my opinions

disagree, 4 = Agree, 5 = Strongly agree

ST268Q02JA—I'm not afraid to ask about things I do not understand

ST268Q03JA—TI like to give my opinion in class

ST268Q04JA—I can express my opinion even when others disagree

ST268Q05JA—I feel comfortable speaking in front of a group of students

ST268Q06JA—I can ask for help when I need it

ST268Q07JA—Does not avoid confrontation when necessary

ST268Q08JA—I am willing to try new things in class
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TABLE 3 Curiosity items with codings.

Construct Items and codes

CURIOS ST269Q01JA—TI like to learn new things

10.3389/feduc.2025.1694074

Response

1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor

disagree, 4 = Agree, 5 = Strongly agree

ST269Q02JA—Express interest in topics I do not know about

ST269Q03JA—I often ask about things that seem unclear to me

ST269Q04JA—TI like to explore different ideas

ST269Q05JA—When I encounter difficulties, I try to find solutions

ST269Q06JA—I feel motivated to learn something outside of the classroom

ST269Q07JA—I experiment with different ways of understanding something

ST269Q08JA—Show interest in projects that challenge me

including full-time and part-time students, those in vocational programs,
as well as students from foreign schools within the country (OECD, 2024,
p. 103). The international target population included students aged
15 years and 3 months to 16 years and 2 months at the start of the testing
period, allowing for a variation of up to 1 month for countries that tested
outside the standard period (OECD, 2024, p. 103). The number of
incomplete responses on science tests ranged from 1.2 to 8.5%, reflecting
variations in student participation and question completion (OECD,
2024). The analyses were conducted using a multilevel model to account
for student clustering within schools. To ensure representativeness of the
results, PISA sampling weights were applied throughout the analyses,
correcting for non-response and differences in sample structure (OECD,
2024). This procedure ensured that the assessment of the role of student-
teacher relationships, assertiveness, and curiosity in science achievement
was statistically robust and reliable. This study includes students from
countries and regions participating in PISA 2022. Besides age and grade,
characteristics of the science education systems of different countries
were taken into account, including curriculum, teaching methods, class
hours, and laboratory resources.

HI: The quality of the student-teacher relationship has a positive
impact on students’ science achievement.

H2: The quality of the student-teacher relationship positively
influences students’ assertiveness.

H3: The quality of the student-teacher relationship positively
influences students’ curiosity.

H4: The assertiveness of students positively influences
their curiosity.

H5:  Students’
science achievement.

curiosity  positively  influences  their

Heé: Assertiveness mediates the relationship between the quality
of the student-teacher relationship and curiosity.

H7: Assertiveness and curiosity mediate the relationship between the
quality of the student-teacher relationship and science achievement.

The above hypotheses are built on the basis of the literature and
theories presented above. It is evident from the studies mentioned that
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teacher-student relationships, assertiveness, and curiosity are
interrelated factors that can directly and indirectly influence scientific
achievement (Figure 1).

Findings

Initial factor analysis and elimination of
inappropriate items

For the analysis of the data obtained from the OECD Report
(2024) on quality of student-teacher relationships (RELATST),
assertiveness (ASSERAGR) and curiosity (CURIOAGR) of students,
the initial factor analysis was run, followed by Pearson correlation and
analysis of intermediation.

In the initial factor analysis, not all the elements were considered
appropriate for the model, so those that did not fit the expected structure
were removed. Two of items have been eliminated for the latent variable
“Quality of student-teacher relationships;” because of their low factor
loading. These included Item 4: ST267Q04JA (0.123)—I feel intimidated
by the teachers at my school; and Item 8: ST267Q08JA (0.111)—The
teachers at my school are mean towards me. Regarding a latent variable
“Perseverance; Item 4: ST307Q04JA (0.130)—1I stop when work becomes
too difficult; Item 6: ST307QO6JA (0.171)—I give up after making
mistakes; Item 7: ST307Q07JA (—0.063)—1I quit doing homework if it is
too long; and Item 10 ST307Q10JA (—0.123)—I give up easily was
removed as they did not sufficiently fit the model. Furthermore, for the
latent variable “Curiosity” three items were removed due to poor model
fit: Item 3: ST301QO3JA (—0.314)—1I get frustrated when I have to learn
the details of a topic; Item 7: ST301Q07JA (0.566)—1I like to develop
hypotheses and check them based on what I observe; and Item 8:
ST301QO8JA (0.054)—I find learning new things to be boring.

Confirmatory factor analysis results

Table 1 displays the findings from the confirmatory factor
analyses. The first analysis yielded a y* of 2974.697 with 347 degrees
of freedom, a y*/df ratio of 8.572, a CFI of 0.862, a TLI of 0.850 an
SRMR of 0.068, and an RMSEA of 0.038. After removing poorly fitting
items, the second confirmatory factor analysis (CFA) demonstrated
substantial improvements in fit indices: * of 818.665 with 149 degrees
of freedom, y*/df = 5.494, CFI = 0.958, TLI = 0.952, SRMR = 0.036,
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Quality of student-
teacher

Science

relationships

Assertiveness

FIGURE 1
The structural model.

\ /

> achievement

Curiosity

TABLE 4 Plausible values in science (PVSCI).

Code ‘ Description

PVISCIE Plausible value 1 in science
PV2SCIE Plausible value 2 in science
PV3SCIE Plausible value 3 in science
PV4SCIE Plausible value 4 in science
PV5SCIE Plausible value 5 in science
PV6SCIE Plausible value 6 in science
PV7SCIE Plausible value 7 in science
PV8SCIE Plausible value 8 in science
PVISCIE Plausible value 9 in science
PV10SCIE Plausible value 10 in science

and RMSEA =0.030. The CFI and TLI values exceeded the
recommended threshold of 0.95, indicating a strong model fit.
Moreover, the RMSEA and SRMR values were well within acceptable
limits, further confirming the improved model fit.

Factor analysis 1 resulted in the removal of some of the variables
from the latent variables. After conducting exploratory factor analysis
for the three latent constructs, the remaining variables and loadings
are as follows:

The latent constructs include:

« latent qualitative (teacher-student relationships): gstl (0.518),
qst2 (0.582), qst3 (0.578), gst5 (0.604), qst6 (0.432), qst7 (0.483).
The internal loadings of the corresponding factors are: 0.694
(0.013), 0.647 (0.014), 0.649 (0.013), 0.629 (0.014), 0.754 (0.012),
0.719 (0.012). These variables show moderate to strong
relationships with the latent construct, suggesting that they
represent the dimension of teacher-student relationships well.

Frontiers in Education

« latent_self (student assertiveness): as1 (0.606), as3 (0.442), as6
(0.595), as9 (0.447), as10 (0.492). The internal loadings of the
corresponding factors are: 0.628 (0.019), 0.747 (0.016), 0.636
(0.019), 0.744 (0.017), 0.713 (0.018). The variables contribute
moderately to the assertiveness index, while the removed
variables did not contribute consistently to this factor.

« latent_curious (student curiosity): cul (0.485), cu2 (0.505), cu4
(0.320), cu5 (0.363), cu6 (0.531), cu9 (0.525), cul0 (0.472). The
internal loadings of the corresponding factors are: 0.718 (0.013),
0.703 (0.014), 0.825 (0.010), 0.798 (0.011), 0.685 (0.014), 0.689
(0.014), 0.727 (0.013). Although the remaining variables
accurately represent curiosity, some loadings are lower (for
instance, cu4 = 0.320), which suggests that this indicator is less
robust compared to the others.

The relationships between the latent constructs are also shown in
the figure: the correlation between latent_qualitative and latent_self is
0.174 (0.021), between latent_qualitative and latent_curious 0.351
(0.019), and between latent_self and latent_curious 0.379 (0.017). The
stability and interpretability of the latent constructs can be improved
by removing non-contributing variables, which makes the model
clearer and more reliable for further analysis (Figure 2).

The relationship between student—teacher
relationships, assertiveness, curiosity, and
achievement in science

Correlations are between latent variables estimated through
structural equation modeling (SEM).

Analyses were conducted using structural equation modeling
(SEM) to assess the relationships between latent variables: quality of
student-teacher relationships (RELATST), assertiveness (ASSERAGR),
curiosity (CURIOAGR), and science achievement (PVSCI). SEM was
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TABLE 5 Model suitability indicators for confirmatory factor analysis (CFA).

10.3389/feduc.2025.1694074

palleli CFI RMSEA

First confirmatory factorial analysis 2974.697 347 8.572 0.862 0.850 0.068 0.038

Second confirmatory factorial analysis 818.665 149 5.494 0.958 0.952 0.036 0.030 ‘
TABLE 6 The Pearson correlations between RELATST, assertiveness, curiosity and PVSCI.

RELATST Assertiveness Curiosity

1. RELATST 1

2. Assertiveness 0.176%* 1

3. Curiosity 0.382%* 0.351%* 1

4. PVSCI 0.137%* 0.093%* 0.240%*
##p <0.01.

TABLE 7 The analysis of the intermediation of assertiveness and curiosity in the relationship between the quality of the student—teacher relationship

and science achievement.

H: Hypotheses test Estimate Lower bound Upper bound p-value
HI: RELATST — PVSCI 0.052 0.012 0.115 0.034
H2: RELATST — Assertiveness 0.176 0.142 0.228 0.000
H3: RELATST — Curiosity 0.331 0.302 0.375 0.000
H4: Assertiveness — Curiosity 0.239 0.262 0.342 0.000
H5: Curiosity — PVSCI 0.221 0.185 0.276 0.000
He: RELATST — Assertiveness — Curiosity 0.053 0.064 0.112 0.000
H7: RELATST — Assertiveness — Curiosity — PVSCI 0.014 0.918 1.79 0.000
P <0.001.

chosen due to its ability to test direct and cross-sectional relationships
between variables. Moreover, it confirms that relationship quality and
student personal factors interact to influence science achievement.

Table 2 presents the correlation among four study variables:
quality of student-teacher relationship (RELATST), assertiveness,
curjosity, and science achievement (PVSCI). The correlations
presented are positive and statistically significant for the value
(p < 0.01). The quality of the student-teacher relationship (RELATST)
has a weak positive correlation with assertiveness (r = 0.176), a
moderate correlation with curiosity (r = 0.382) and a weak correlation
with success in science (r = 0.137). Assertiveness is positively related
to curiosity (r = 0.351) and, to a lower extent, to success in science
(r = 0.093), while Curiosity has a stronger relationship with
achievement in science (r = 0.240). These results support the
theoretical model of the study, indicating that a close and high-quality
relationship with the teacher can positively influence the development
of self-confidence and the promotion of curiosity, which in turn
contribute to students science achievement.

Intermediation of assertiveness and
curiosity in the relationship between the
quality of the student—teacher relationship
and science achievement

The quality of the student-teacher relationship (RELATST) has a

positive and statistically significant effect on achievement in science
(PVSCI) (=0.052, p=0.034). QST has a strong positive impact on
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assertiveness (ff = 0.176, p < 0.001), indicating that a good relationship
with the teacher supports students in developing more assertiveness and
the ability to express their opinions. RELATST also positively impacts
curiosity (f = 0.331, p < 0.001), which shows that a great relationship with
the teacher enables students to be more curious and motivated to learn.
Further, the results show that assertiveness positively impacts curiosity
(#=0.239, p < 0.001), suggesting that students who are more confident
and engaged are more likely to be curious. Curiosity positively impacts
the PVSCI (f=0.221, p<0.001), which reveals that more curious
students perform better at science. In addition, QST impacts curiosity
through assertiveness (f=0.053, p <0.001). It shows that a good
relationship between teacher and student supports students becoming
more confident, which in turn increases their curiosity to learn. Overall,
RELATST impacts PVSCI through assertiveness and curiosity (5 = 0.014,
P <0.001). These results confirm that the impact of the student-teacher
relationship on science achievement is not directly stated, but it is also
achieved through the development of assertiveness and curiosity.

Discussion and conclusion

The role of student—teacher relationships
in science achievement

This study explored the impact of quality student-teacher
relationships on science achievement, focusing on the mediating role
of assertiveness and curiosity. Data analyzed from the OECD (2024)
report show that a good relationship with the teacher not only directly
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affects science achievement, but also has a huge impact in the
development of students’ assertiveness and curiosity. The findings
confirmed that the quality of student-teacher relationships has a
direct positive effect on science achievement. This aligns with previous
studies showing that supportive relationships foster motivation,
engagement, and ultimately academic performance (Hughes, 2011;
OECD, 2024).

The mediating role of assertiveness

The results demonstrated that assertiveness significantly
mediates the relationship between teacher-student relationships

Frontiers in Education

and science achievement. Assertiveness helps students feel more
confident, while curiosity encourages deeper engagement in the
learning process and exploration of scientific concepts. The
analysis confirms that the quality of the relationship with the
teacher has a direct and an indirect impact on scientific
achievement through the mediation of assertiveness and curiosity.
A good relationship with the teacher increases the level of
assertiveness of students (f = 0.176), which in turn affects the
increase in curiosity (f = 0.239), which then directly affects the
results in science (f = 0.221). This mediation process testifies to
the importance of creating a supportive climate in the classroom,
where students feel valued, listened to, and encouraged to explore
new knowledge.
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The mediating role of curiosity

The findings align with the current existing literature, as proven
by the studies of Hamre and Pianta (2006), Kurbanoglu et al. (2023),
as well as Abu Khurma and El Zein (2024), who highlight that
curiosity and intellectual perspective play a pivotal role in academic
achievement. In science education, this study provides a deeper
understanding of how social factors (student-teacher relationship)
and personal factors (assertiveness and curiosity) interact between
each other. The results show that curiosity has a bigger affect than
assertiveness in science achievements. Moreover, this supports the
literature that considers curiosity as the main driver of learning in
exploratory subjects (Oudeyer et al., 2016; Engel, 2011). The analysis
also revealed that curiosity serves as a mediator between student-
teacher relationships and science achievement.

The finding suggests that the improvement of student-teacher
relationships is not just an emotional issue, but it is directly related to
scientific results through strengthening self-confidence and stimulating
curiosity. This supports the need for further training for teachers in
building positive relationships and the usage of “project-based
learning” or “inquiry-based learning” methods. The study confirms
that quality student-teacher relationships have an important impact on
student achievement in science, both directly and through building
assertiveness and fostering curiosity. Assertiveness builds self-
confidence and encourages active engagement, while curiosity pushes
students to explore science concepts in depth. The data show that the
higher the level of curiosity, the higher the results in science. These
findings highlight the importance of creating healthy relationships
between students and teachers and cultivating assertiveness and
curiosity in the school environment. It is recommended that teachers
develop strong and supportive relationships with students, promote
assertiveness, and stimulate curiosity.

In conclusion, this research provides empirical evidence that
socio-emotional factors like the quality of the student-teacher
relationship, assertiveness, and curiosity are not secondary but
primary in science subjects. The findings support the idea that the
improvement of academic results does not depend only on the way the
content is delivered, but on creating an emotionally safe and
intellectually stimulating environment. The mediating role of
assertiveness and curiosity emphasizes the transformative potential of
student-centered pedagogies. Further studies should examine deeper
how these factors are developed over time and how they react to
targeted interventions, while education systems should give priority
to the development of positive relationships and motivation in
learning, alongside cognitive content.

This study aimed to examine the role of teacher-student
relationships on science achievement and the mediating effects of
assertiveness and curiosity. The results confirmed all the hypotheses
put forward: teacher-student relationships have a direct positive
impact on science achievement (H1, H2), while both assertiveness
(H3, H4) and curiosity (H5, H6) act as significant mediators. The full
model (H7) showed that these socio-emotional factors amplify the
impact of relationships, with stronger mediating effects than the
direct effect.

Overall, the findings highlight that the path from supportive
teacher—student relationships to better academic outcomes operates
primarily through students’ self-confidence and curiosity. This
suggests that developing socio-emotional skills is not an optional
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supplement, but a central component of effective science education.
By prioritizing teaching practices and educational policies that
strengthen the quality of relationships and socio-emotional
development, education systems can create conditions where students
not only achieve higher outcomes, but also become more engaged and
motivated to learn.

Study limitations and future studies

The use of secondary data is a significant limitation of this study,
which limits the ability to fully control for variables and to collect data
directly relevant to the research objectives. Furthermore, there is
cross-cultural variability within PISA, as education systems, teaching
practices, and social norms differ from country to country, which may
influence student perceptions and responses. The study also has a
cross-sectional design, which limits the ability to draw causal
conclusions about student-teacher relationships, assertiveness,
and curiosity.

Additionally, the measurement of student-teacher relationships,
assertiveness, and curiosity relies on self-reporting, which may result
in biased or distorted participation by students” subjective perceptions.
For future studies, it is recommended to utilize longitudinal designs
and experimental interventions, which can enhance the assessment
how student-teacher relationships influence the development of
assertiveness and curiosity. Experimental or intervention studies
could test specific strategies to improve teacher-student interactions,
strengthen assertiveness, and stimulate curiosity, providing stronger
evidence of causal effects.

Implications for practice

The results of this study have clear implications for curriculum
design, teaching strategies, and teacher professional development:

1. Fostering positive student-teacher relationships: Teachers
should focus on building supportive and respectful
relationships with students. Practical strategies include regular
check-ins, acknowledging student ideas, providing constructive
feedback, and creating a climate where students feel valued and
heard. Strong relationships help develop curiosity and
assertiveness in students.

2. Promoting assertiveness: Teachers can create structured
opportunities for students to express their opinions, lead
discussions, or present results in science activities. Role-
playing, debates, and group work promote students’
assertiveness and communication skills, which has a positive
on engagement and achievement in science.

3. Fostering curiosity: Embracing learning approaches such as
inquiry-based learning and project-based learning should
be used more systematically. Allowing students to explore
questions, design experiments, and seek solutions on their own
fosters intellectual curiosity. Hands-on activities, problem-
solving from real-world situations, and open-ended explorations
deepen students’ conceptual understanding and engagement.

4. Teacher professional development: Training programs should
focus on equipping teachers with strategies to strengthen
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students’ socio-emotional skills. Trainings may include
techniques for improving student-teacher relationships,
fostering assertiveness, and guiding curiosity in the classroom.
Teachers should be able to identify and support students’
motivational and emotional needs alongside academic content.

5. Curriculum integration: Science curricula should include
activities that build both content knowledge and socio-
emotional skills simultaneously. For example, a project-based
unit where students explore a scientific question in a group can
increase engagement, curiosity, and self-confidence. Curricula
should provide support for students in gradually taking
responsibility for their own learning.

By implementing these strategies, schools can create learning
environments that not only convey scientific content, but also support
the socio-emotional and motivational factors that contribute to
student achievement in science.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://doi.org/10.1787/01820d6d-en.

Ethics statement

This study involved the secondary analysis of publicly available
data from the OECD PISA 2022 dataset. As such, no new data was
collected directly from human participants, and ethical approval was
not required. The use of this data complies with all relevant data usage
policies and ethical guidelines set by the OECD.

Author contributions

FR: Conceptualization, Data curation, Formal analysis, Project
administration, Writing - original draft. DK: Software, Validation,

References

Abu Khurma, O., and El Zein, E (2024). Inquiry skills teaching and its relationship
with UAE secondary school students’ critical thinking: systematic review of science
teachers’ perspectives. Eurasia ]J. Math. Sci. Technol. Educ. 20:em2397. doi:
10.29333/ejmste/14155

Ali, N., Abu Khurma, O,, and Jarrah, A. (2024). Intellectual curiosity as a mediator
between teacher—student relationship quality and Emirati science achievement in PISA
2022. Educ. Sci. 14:977. doi: 10.3390/educsci14090977

Amorim Neto, R. D. C,, Golz, N., Polega, M., and Stewart, D. (2022). The impact of
curiosity on teacher-student relationships. J. Educ. 202, 15-25. doi: 10.1177/
0022057420943184

Amponsah, M. O. (2023). Personality traits mediating sense of belonging and
academic curiosity among students in Ghana. Educ. Res. Int. 2023:6834304. doi:
10.1155/2023/6834304

Bidegain, G., and Mujika, J. E L. (2020). Exploring the relationship between attitudes
toward science and PISA scientific performance. Rev. Psicodidact. 25, 1-12. doi:
10.1016/j.psicoe.2019.08.002

Britner, S. L., and Pajares, E (2006). Sources of science self-efficacy beliefs of middle
school students. J. Res. Sci. Teach. 43, 485-499. doi: 10.1002/tea.20131

Casey, L. (2014). Questions, curiosity and the inquiry cycle. E-Learn. Digit. Media 11,
510-517. doi: 10.2304/elea.2014.11.5.510

Frontiers in Education

10.3389/feduc.2025.1694074

Writing - review & editing. MP-S: Resources, Supervision, Validation,
Writing - review & editing. BC: Resources, Software, Visualization,

Writing - review & editing.

Funding

The author(s) declare that no financial support was received for

the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any

issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Cui, T, Liu, Q,, Liu, J., and Wang, C. (2020). The relationship between teacher-student
relationship, self-confidence, and academic achievement in the Chinese context.
International Conference on Education and New Developments. 24-28

Engel, S. (2011). Children’s need to know: curiosity in schools. Harv. Educ. Rev. 81,
625-645. doi: 10.17763/haer.81.4.h054131316473115

Fonseca, J., Valente, M. O., and Conboy, J. (2011). Student characteristics and PISA
science performance: Portugal in cross-national comparison. Procedia. Soc. Behav. Sci.
12, 322-329. doi: 10.1016/j.sbspro.2011.02.041

Gitatenia, I. D. A. I, and Lasmawan, I. W. (2022). The relationship of curiosity,
confidence, and kinesthetic learning styles with interest in science learning. MIMBAR
PGSD Undiksha 10, 190-200. doi: 10.23887/jjpgsd.v10i2.47551

Goktas, E., and Kaya, M. (2023). The effects of teacher relationships on student
academic achievement: a second order meta-analysis. Particip. Educ. Res. 10, 275-289.
doi: 10.17275/per.23.15.10.1

Gottfried, A. E., Fleming, J. S., and Gottfried, A. W. (2016). Continuity of academic
intrinsic motivation from childhood through late adolescence: a longitudinal study. J.
Educ. Psychol. 93, 3-13. doi: 10.1037/0022-0663.93.1.3

Gruber, M. J., Gelman, B. D., and Ranganath, C. (2014). States of curiosity modulate
hippocampus-dependent learning via the dopaminergic circuit. Neuron 84, 486-496.
doi: 10.1016/j.neuron.2014.08.060

frontiersin.org


https://doi.org/10.3389/feduc.2025.1694074
https://www.frontiersin.org
https://doi.org/10.1787/01820d6d-en
https://doi.org/10.29333/ejmste/14155
https://doi.org/10.3390/educsci14090977
https://doi.org/10.1177/0022057420943184
https://doi.org/10.1177/0022057420943184
https://doi.org/10.1155/2023/6834304
https://doi.org/10.1016/j.psicoe.2019.08.002
https://doi.org/10.1002/tea.20131
https://doi.org/10.2304/elea.2014.11.5.510
https://doi.org/10.17763/haer.81.4.h054131316473115
https://doi.org/10.1016/j.sbspro.2011.02.041
https://doi.org/10.23887/jjpgsd.v10i2.47551
https://doi.org/10.17275/per.23.15.10.1
https://doi.org/10.1037/0022-0663.93.1.3
https://doi.org/10.1016/j.neuron.2014.08.060

Ramadani et al.

Hamre, B. K., and Pianta, R. C. (2006). “Student-teacher relationships” in Children’s
needs III: development, prevention, and intervention. eds. G. G. Bear and K. M. Minke
(Bethesda, MD: National Association of School Psychologists), 59-71.

Hughes, J. N. (2011). Longitudinal effects of teacher and student perceptions of
teacher-student relationship qualities on academic adjustment. Elem. Sch. J. 112, 38-60.
doi: 10.1086/660686

Jiang, X., Li, Y., and Wu, Y. (2025). The role of student-teacher relationship and
emotional engagement in science learning: a structural equation modeling approach.
Int. J. Educ. Res. 127:102118. doi: 10.1016/j.ijedro.2023.100318

Kang, J. (2023). Moderating role of science self-concept in eliciting state curiosity
when confronting a violation outcome. J. Balt. Sci. Educ. 22, 1025-1037. doi:
10.33225/jbse/23.22.1025

Karacan-Ozdemir, N., and Ayaz, A. (2022). Adolescents’ future expectations of work
and education within adaptation model of career construction theory. J. Career Dev. 49,
1266-1282. doi: 10.1177/08948453211037043

Khalooei, H., Khaloei, H., and Khaloei, M. (2022). Mediating role of student-sport
teacher relationship quality in relation between emotional self-regulation and
assertiveness of secondary high-school students in Kerman City. J. Clin. Sport
Neuropsychol. 2, 56-67.

Kibga, E., Gakuba, E., and Sentongo, J. (2021). Developing students” curiosity
through chemistry hands-on activities: a case of selected community secondary
schools in Dar Es Salaam, Tanzania. Eurasia J. Math. Sci. Technol. Educ. 17:1. doi:
10.29333/ejmste/10856

Kim, J., and Lee, H. (2021). Teacher emotional support and students’ science self-
concept and achievement: a multilevel mediation model. Teach. Teach. Educ. 100:103296.
doi: 10.1016/j.tate.2021.103296

Kim, S. J., Kim, K. H., and Choi, J. (2019). The Role of Design Innovation in
Understanding Purchase Behavior of Augmented Products. Journal of Business Research,
99, 354-362. doi: 10.1016/j.jbusres.2017.09.047

Kurbanoglu, N. I., Demirtas, Z., and Batur, A. (2023). The role of student-teacher
relation on science self-efficacy and science anxiety in face-to-face and distance
education. SAGE Open 13:21582440231194408. doi: 10.1177/21582440231194408

Lau, K. C., and Ho, S. C. E. (2022). Attitudes towards science, teaching practices, and
science performance in PISA 2015: multilevel analysis of the Chinese and Western top
performers. Res. Sci. Educ. 52, 415-426. doi: 10.1007/s11165-020-09954-6

Lau, K. C,, and Lam, T. Y. P. (2017). Instructional practices and science performance
of 10 top-performing regions in PISA 2015. Int. J. Sci. Educ. 39, 2128-2149. doi:
10.1080/09500693.2017.1387947

Liu, X., and Koirala, H. (2009). The effect of mathematics self-efficacy on mathematics
achievement of high school students. NERA Conference Proceedings 2009.

Mahama, I., Yusuf Dramanu, B., and Asamoah-Gyimah, K. (2023). Predictive abilities
of curiosity, creativity, and motivation on academic performance of high school students
in Ghana. Educ. Res. Int. 2023:4626945. doi: 10.1155/2023/4626945

Frontiers in Education

11

10.3389/feduc.2025.1694074

Odell, B., Cutumisu, M., and Gierl, M. (2020). A scoping review of the relationship
between students’ ICT and performance in mathematics and science in the PISA data.
Soc. Psychol. Educ. 23, 1449-1481. doi: 10.1007/s11218-020-09591-x

OECD (2024). PISA 2022 technical report. Pisa: OECD Publishing.

Oraon, P. (2024). The relationship between self-efficacy and academic achievement among
school students. Int. J. Multidiscip. Trends 6, 84-88. doi: 10.22271/multi.2024.v6.i4b.414

Oudeyer, P. Y, Gottlieb, J., and Lopes, M. (2016). Intrinsic motivation, curiosity, and
learning: theory and applications in educational technologies. Prog. Brain Res. 229,
257-284. doi: 10.1016/bs.pbr.2016.05.005

Putwain, D,, Sander, P, and Larkin, D. (2013). Academic self-efficacy in study-related
skills and behaviours: relations with learning-related emotions and academic success.
Br. J. Educ. Psychol. 83, 633-650. doi: 10.1111/§.2044-8279.2012.02084.x

Ramdani, Z., Hadiana, D., Amri, A., Warsihna, J., Widodo, W., Chandra, D. T, et al.
(2022). The mediating role of attitude in the correlation between creativity and curiosity
regarding the performance of outstanding science teachers. J. Pendidik. IPA Indones. 11,
412-419. doi: 10.15294/jpii.v11i3.37272

Roorda, D. L., Koomen, H. M. Y, Spilt, J. L., and Oort, E. J. (2011). The influence of
affective teacher—student relationships on students” school engagement and achievement:
a meta-analytic approach. Rev. Educ. Res. 81, 493-529. doi: 10.3102/0034654311421793

Spektor-Levy, O., Baruch, Y. K., and Mevarech, Z. (2013). Science and scientific
curiosity in pre-school—the teacher’s point of view. Int. J. Sci. Educ. 35, 2226-2253. doi:
10.1080/09500693.2011.631608

Suleiman, A. H. (2023). Factors that affect students’ academic achievement in the
faculty of social science at the University of Bosaso, Garowe, Somalia. Open J. Soc. Sci.
11, 446-461. doi: 10.4236/js5.2023.112029

Tsai, K.-H., and Zheng, L. (2021). Bridging employee curiosity and service creativity:
A new lens. Journal of Service Theory and Practice.

Valle, A., Nuiiez, ]. C., and Rodriguez, S. (2022). Curiosity-driven learning and
academic achievement in science: the mediating role of engagement and self-efficacy.
Learn. Individ. Differ. 94:102113. doi: 10.1016/.1indif.2021.102113

Wade, S., and Kidd, C. (2019). The role of prior knowledge and curiosity in learning.
Psychon. Bull. Rev. 26, 1377-1387. doi: 10.3758/s13423-019-01598-6

Whitesides, G. M. (2018). Curiosity and science. Angew. Chem. Int. Ed. 57, 4126-4129.
doi: 10.1002/anie.201800684

Xu, Z., and Qi, C. (2019). The relationship between teacher-student relationship and
academic achievement: the mediating role of self-efficacy. Eurasia J. Math. Sci. Technol.
Educ. 15:em1758. doi: 10.29333/ejmste/105610

Zeng, F, Chen, Y., and Pan, X. (2024). A study on the relationship between
harmonious teacher-student relationship, student competence, and learning
performance. EAI Endor. Trans. E-Learn. 11:e2. doi: 10.4108/eai.13-10-2023.2341341

Zhang, Y. (2021). The effect of science social capital on student science performance:
evidence from PISA 2015. Int. J. Educ. Res. 109:101840. doi: 10.1016/j.ijer.2021.101840

frontiersin.org


https://doi.org/10.3389/feduc.2025.1694074
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://doi.org/10.1086/660686
https://doi.org/10.1016/j.ijedro.2023.100318
https://doi.org/10.33225/jbse/23.22.1025
https://doi.org/10.1177/08948453211037043
https://doi.org/10.29333/ejmste/10856
https://doi.org/10.1016/j.tate.2021.103296
https://doi.org/10.1016/j.jbusres.2017.09.047
https://doi.org/10.1177/21582440231194408
https://doi.org/10.1007/s11165-020-09954-6
https://doi.org/10.1080/09500693.2017.1387947
https://doi.org/10.1155/2023/4626945
https://doi.org/10.1007/s11218-020-09591-x
https://doi.org/10.22271/multi.2024.v6.i4b.414
https://doi.org/10.1016/bs.pbr.2016.05.005
https://doi.org/10.1111/j.2044-8279.2012.02084.x
https://doi.org/10.15294/jpii.v11i3.37272
https://doi.org/10.3102/0034654311421793
https://doi.org/10.1080/09500693.2011.631608
https://doi.org/10.4236/jss.2023.112029
https://doi.org/10.1016/j.lindif.2021.102113
https://doi.org/10.3758/s13423-019-01598-6
https://doi.org/10.1002/anie.201800684
https://doi.org/10.29333/ejmste/105610
https://doi.org/10.4108/eai.13-10-2023.2341341
https://doi.org/10.1016/j.ijer.2021.101840

Ramadani et al. 10.3389/feduc.2025.1694074

Appendix A

TABLE Al Variables used in the analysis and their PISA codes.

\r:::;aeble Description PISA 2022 codes
RELATST Student-teacher relationship index ST267Q01-ST267Q08
ASSERAGR Student assertiveness index ST263Q01-ST263Q10
CURIOAGR Student curiosity index ST264Q01-ST264Q10
PVSCI Values for science achievement PV1SCI-PV10SCI
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