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ABSTRACT The aim of this study was to identify students’ motivational beliefs in science and revealed the
connections between the profiles and three cognitive dimensions of science achievement through the
examination of the socio-economic status (SES) and gender covariates of the profile memberships.
Latent profile analysis using science motivational beliefs was conducted, and resulted in a four-profile
model. The emerging profiles were named “low motivation”, “moderate motivation”, “high motivation”,
and “high motivation with very high confident”. The results showed that the boys were less likely to
have “high motivation” and “high motivation with very high confidence” profiles than the girls. The
students with high SES were more likely to belong to the high motivation groups. The differences
between the mean scores of the students in different motivation profiles were statistically significant in
all other pairwise comparisons, except for the comparisons between the low and moderate motivation
profiles. Our findings suggest that students’ motivation toward science should take an integrative
approach to improve students' cognitive dimensions of science achievement by considering students'
gender and SES.
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Ogrencilerin fen motivasyonu ve bilissel boyutlari arasindaki
iligkilerin ortiik profil analiziyle incelenmesi

0OZ Bu caligmanin amaci, dgrencilerin fen alanindaki motivasyonel inanglarini belirlemek ve profil
iiyeliklerinin sosyo-ekonomik duzey (SES) ve cinsiyet ortak degiskenlerinin incelenmesiyle ortaya
konan profiller ile fen basarisinin {i¢ biligsel alan1 arasindaki iliskiyi ortaya ¢ikarmaktir. Bu ¢alismada,
fen motivasyonel inanglari kullanilarak ortiik profil analizi yapilmig ve dort profilli bir model ortaya
cikmustir. Ortaya ¢ikan profiller “diisiik motivasyon”, “orta motivasyon”, “yiiksek motivasyon” ve “cok
yiiksek Ozgilivenli yiliksek motivasyon” olarak adlandirilmistir. Sonuglar, erkek &grencilerin kiz
ogrencilere kiyasla “yiiksek motivasyon” ve “yiiksek motivasyon ve ¢ok yiiksek dzgiiven” profillerine
daha az sahip oldugunu gostermistir. Yiiksek SES'e sahip dgrencilerin yiiksek motivasyon gruplarina ait
olma olasiligmin daha yiksek oldugu elde edilmistir. Farkli motivasyon profillerinde yer alan
Ogrencilerin ortalama puanlari arasindaki farklar, diisiik ve orta motivasyon profilleri arasindaki
karsilastirmalar hari¢, diger tiim ikili karsilastirmalarda istatistiksel olarak anlamli ¢ikmistir.
Bulgularimiz, dgrencilerin fene yonelik motivasyonlarinin, 6grencilerin cinsiyet ve SES'lerini dikkate
alarak fen basarisinin biligsel boyutlarmi gelistirmek i¢in biitiinciil bir yaklasim benimsenmesi
gerektigini gostermektedir.
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INTRODUCTION

Science education is an important discipline that plays a role in training individuals for a knowledge-
based economy (Moakler & Kim, 2014). Promoting science achievement is an essential goal for
educators and policymakers (Curran & Kellogg, 2016). Hence, educational researchers have focused on
malleable factors such as motivational beliefs influencing science academic achievement (Fong et al.,
2021).

Situated Expectancy Value Theory (SEVT) is one of the effective educational psychology theories that
is widely used to explain learners’ motivation toward learning and academic achievement (Wigfield &
Eccles, 2000). SEVT assumes that individuals’ expectation of success (expectancy beliefs) and their
personal beliefs about the value of academic tasks (value beliefs) are the primary and proximal
predictors of academic achievement (Eccles & Wigfield, 2020; Gaspard et al., 2019; Lee et al., 2022;
Wigfield & Eccles, 2000). Empirical research confirms the assumption that science motivational beliefs
are related to science achievement including expectancy and value beliefs (Berger et al., 2020; Liou &
Liu, 2015; Perez et al., 2019).

In SEVT, there is also a relationship between cultural differences and characteristics, such as gender
and SES, and science motivational beliefs (e.g. Eccles & Wigfield, 2020; Hu et al., 2018; Wan, 2021;
Wan & Lee, 2017). In these studies, the researchers mostly studied SEVT from a cross-cultural
perspective. However, Tonks et al. (2018) highlighted that there was a gap that needs to be investigated
the relationship between expectancy and value beliefs, and achievement in various cultures. Tonks et al.
(2018) discussed how cultural aspects (i.e., individualism, and collectivism) could affect the SEVT
model. Opportunities offered to children and whether children's decision-making situations are
supported may differ according to culture or belong to certain groups (e.g., gender, SES, ethnicity)
within a culture (Tonks et al., 2018). For instance, while children are encouraged to make their own
activity choices in an individualistic culture (Jacobs & Eccles, 2000) in China, which has a collectivist
society, individuals decide on their career choices in line with the needs of the society rather than their
skills (Tonks et al., 2018). In a cultural context where it is explicitly or implicitly implied that girls are
talented in reading and boys in math, gender stereotypes can affect academic motivation and academic
achievement (Spencer et al., 1999). Students who are supported by their families with learning materials
or extracurricular learning activities and given information about science may have higher motivational
beliefs than other students (Gorard & See, 2009; Liu & Schunn, 2020). Briefly, previous experiences,
surrounding cultural elements, norms, gender, gender stereotypes, and socio-economic and cultural
family characteristics, play a role in forming expectations or valuing concerning a task or domain (Eccles
& Wigfield, 2020; Fong et al., 2021; Gaspard et al., 2019; Rosenzweig et al., 2022). Although the
relationship between motivational beliefs and science achievement has been studied by using a person-
centered approach in both individualistic (e.g. Fong et al., 2021; Lee et al., 2022; Perez et al., 2019) and
collectivistic (e.g. Ma, 2022) cultures there is a lack of research in a social context such as Tiirkiye,
which exhibits both individualistic and collectivistic characteristics (Kagitgibasi, 1994; Kahraman &
Sungur-Vural, 2014).

Increasing students’ motivation towards science is among the major goals of science curricula in most
countries (Mullis et al., 2016). However, students’ science motivational beliefs decrease in the middle
school years (George, 2006; Liou & Liu, 2015). For this reason, the middle school years are a critical
time period to investigate students’ science motivational beliefs and the relations between gender, SES
and motivational beliefs (Berger et al., 2020; Se¢gin & Sungur, 2021).

This study aims to identify eighth grade students’ motivation profiles and examine the relationships
between motivation profiles and gender, socioeconomic status (SES), and cognitive levels of science
achievement. This study has the potential to address and broaden understanding in four areas of the
literature. One of these areas is a knowledge gap. In the studies examining the relations between science
motivational beliefs and science achievement (e.g. Berger et al., 2020; Lee et al., 2022; Perez et al.,
2019), science achievement was considered a homogeneous construct in terms of the cognitive
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dimension. Despite that, science achievement consists of three cognitive dimensions: 'knowing',
‘applying’, and 'reasoning'. The eighth-year science achievement scores in the 2019 TIMSS varied by
cognitive dimensions (Mullis et al., 2020). Two research studies (Chang & Cheng, 2008; Liou & Liu,
2015) employing a variable-centered approach have been noted in the literature on this subject, and their
findings have shown that motivational beliefs vary based on cognitive levels. Chang and Cheng (2008)
examined 11th-grade students’ science achievements at separate cognitive levels as knowledge and
reasoning in Taiwan. They found that students’ science interests and self-confidence were more
positively associated with the knowledge domain. Similarly, Liou and Liu (2015) revealed that students’
motivational beliefs in science learning (intrinsic interest, self-concept) were more highly correlated
with the lower cognitive level (knowing) than with the higher cognitive level (reasoning). These studies
highlighted the heterogeneous nature of science achievement and brought the need for such studies to
the agenda (Liou & Liu, 2015).

Another gap is a methodological gap. Recent studies on the relationship between expectancy-value
beliefs and science achievement have focused on identifying students’ science motivational profiles by
using a person-centered approach (e.g., Berger et al., 2020; Lee et al., 2022; Perez et al., 2019).
However, these studies are limited in number and have been conducted in diverse cultural contexts
(Canada, U.S., and Australia) and age groups (high school students, university students). Our study is
valuable in that it examines a different culture with both individualistic and collectivistic traits and age
group compared to those in the existing literature. Most research investigating the connection between
expectancy-value beliefs and science achievement has utilized variable-centered approaches. Person-
centered approaches provide integration of motivational aspects and consider the simultaneous changes
between multiple motivation indicators in individuals (Fong et al., 2021). Students’ expectancy (e.g.
self-concept) and value beliefs (e.g. intrinsic value, utility value, cost) are considered to interact together
to create motivational experiences that act as important predictors of academic achievement (Lee et al.,
2022). In studies conducted with variable-centered approaches, one or two motivational beliefs could
be focused on, which may limit the general understanding of science motivation. In contrast, person-
centered approaches consider subgroup differences while exploring science motivational beliefs (Ma,
2022). None of the research examining the relationship of science motivation profiles with science
cognitive dimensions was found in the literature.

The other gap is an evidence gap arising from conflicting results. According to SEVT, the opportunities
provided to children and their decision-making situations may vary depending on the cultural context
and specific groups within the same culture (e.g., gender, SES). Therefore, the cultural context has an
impact on motivational beliefs (Tonks et al., 2018). Research has been carried out to explore the
relationship between science motivational beliefs and gender in different cultural milieus. In these
studies, there are inconsistent results in compared with motivational beliefs profiles and gender (e.g.,
Berger et al., 2020; Gaspard et al., 2019; Lee et al., 2022; Ma, 2022; Perez et al., 2019). One potential
reason for this discrepancy could be gender equality (Liou et al., 2023). Investigating the connection
between gender and science related motivational beliefs in a sample where gender equality, such as in
Tiirkiye, is relatively low (World Economic Forum, 2021), could be effective in understanding the
reasons for different results and providing insights into how cultural factors interact with gender to
influence science motivational beliefs.

The last gap is also a knowledge gap. A few research (e.g., RadiSi¢ et al., 2021) was reached on the
relationship between SES and science motivational beliefs profiles. It is crucial to examine the
relationship between science motivational beliefs and SES using a person-centered approach, both to
expand the body of knowledge on SEVT and to compare its results with variable-centered research.

Situated Expectancy Value Theory Perspective

In SEVT, two constructs—expectancy beliefs (learners' perceived competence in the relevant domain)
and value beliefs (learners find the domain enjoyable and beneficial) predict academic achievement
(e.g., Lee et al, 2022; Rosenzweig et al., 2022; Wigfield & Eccles, 2000).
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Expectancy beliefs include the self-concept of one's abilities, which is related to a person's feelings about
competence and self-efficacy beliefs (Eccles & Wigfield, 2002; Perez et al., 2019). Self-concept is a
perception of one’s competence in a specific subject (Marsh & Shavelson, 1985). There are four
components in SEVT that influence students’ task value: intrinsic value, attainment value, utility value,
and cost (Eccles et al., 1983; Eccles & Wigfield, 2002, 2020). First of all, intrinsic value means that the
individual enjoys performing a task (Wan, 2021; Wigfield & Eccles, 2000) and engages in a task for
pleasure or satisfaction (Rosenzweig et al., 2022; Wigfield & Eccles, 1992). Secondly, attainment value
is the identity-based importance of a particular task or subject (Eccles & Wigfield, 2020; Gaspard et al.,
2019). Thirdly, utility value pertains to how well a task aligns with an individual’s current and future
plans or needs (Eccles & Wigfield, 2020; Mullis & Martin, 2017; Wang & Liou, 2018). Fourthly, the
cost is the individual’s perception of the difficulties s/he perceives for a task and what s/he must give up
fulfilling the task (Eccles & Wigfield, 2002; Gaspard et al., 2019; Lee et al., 2022). As indicated in the
limitations section, attainment value and cost could not be analysed, while the intrinsic value and utility
value variables, which belong to task value beliefs, from the TIMSS 2019 data were investigated.

Students’ Science Motivational Beliefs and Science Achievement

There is a positive correlation between students’ motivation in science and their science achievement
(Geesa et al., 2019; Liou et al., 2021; Topgu et al., 2016). This positive relationship also exists between
intrinsic value, self-concept and utility value of science and science achievement, although at different
magnitudes (Liou, 2017; Mullis et al., 2020; Wang & Liou, 2018). Both expectancy and value beliefs
have been demonstrated to be very domain-specific (Fong et al., 2021; Gaspard et al., 2019). The
intrinsic value of science denotes how much the student perceives science as an engaging domain and
derives pleasure from studying and learning its content during leisure time (Miscevic-Kadijevic, 2015).
Wang and Liou (2018) found that the predictive effect of intrinsic value on science achievement was
larger than that of utility value. Enjoyment of science predicts participation in science-related activities
currently and in the future (Ainley & Ainley, 2011).

Self-concept of science refers to the student’s positive/negative belief in his/her ability to learn science
by observing other students and the teacher (Miscevic-Kadijevic, 2015). There exists a robust positive
correlation between student’s academic self-concept and their science achievement (Mullis & Martin,
2017; Mullis et al., 2020; Wang & Liou, 2018). When compared to intrinsic and utility values, the effect
of self-concept on science achievement is stronger (Liou & Liu, 2015; Liou, 2017). The utility value of
science expresses the extent to which the student regards science as useful and important for student’s
future plans and needs. As with other motivational beliefs, there is a positive correlation between utility
value and science achievement (Liou, 2017; Mullis & Martin, 2017; Mullis et al., 2020).

In studies investigating the correlation between science academic achievement and expectancy-value
beliefs using person-centered approaches, Perez et al. (2019) found that students in the moderate all
profile tended to have lower STEM academic achievements than those with higher motivational beliefs.
The cross-domain research using the TIMSS 2015 data about eighth-grade students carried out by Berger
et al. (2020) revealed that students with more positive motivational beliefs for both areas had higher
achievements. In Ma’s (2022) research on eighth-grade students in Hong Kong using the TIMSS 2015
data, five profiles of science motivational beliefs were obtained. Although the association was not
exactly linear, learners in profiles with higher degrees of science motivational beliefs tended to
demonstrate superior science achievement.

The Cognitive Dimensions of Science Achievement

Whilst students’ science achievement is generally accepted as a single homogeneous construct, science
achievement has a heterogeneous structure in terms of cognitive domains (Liou & Liu, 2015). In the
TIMSS assessments, science achievement is separated into three cognitive domains: knowing, applying,
and reasoning. Knowing includes the student’s ability to remember, identify, describe and give
examples. Applying comprises comparing and classifying information, relating it to a specific context,
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and solving practical problems. On the other hand, reasoning involves using evidence and science
understanding to analyze, synthesize and generalize in complex contexts and unfamiliar situations.
These cognitive domains involve a hierarchical thinking process from knowing and applying to
reasoning (Mullis & Martin, 2017). These domains can be viewed as analogous to the cognitive
processes in the Revised Bloom’s Taxonomy (RBT). It can be assumed that knowing and applying
correspond to the remembering, understanding, and applying domains of the RBT, while reasoning
corresponds to the analyzing, evaluating, and creating domains (Gutvajn et al., 2011, as cited in
Miscevic-Kadijevic, 2015). In the hierarchical process from knowing and applying to reasoning, higher-
order cognitive skills are considered more valuable, as they require solving more complex tasks. In the
higher-level cognitive domain, problem-solving ability is regarded as a more sophisticated skill than
knowing simple and independent facts (Liou & Liu, 2015).

In the TIMSS 2019 results, the science achievement of eighth-grade students showed enormous changes
between cognitive domains. In Singapore, which ranked first, the average scale scores of students were
621 for knowing, 608 for applying, and 595 for reasoning; in other words, the scores decreased from the
lower level to the higher level. In the sample of Tiirkiye, which showed achievement close to the
average, students’ average scale scores were 506 in knowing, 515 in applying, and 524 in reasoning; so,
the scores increased from the lower level to the higher level (Mullis et al., 2020). When the countries
are compared within themselves, students in Singapore had more difficulty in the reasoning domain,
while students in Tirkiye had more difficulty in the knowledge domain. These circumstances can be
considered as an indication that science cognitive domains are worth investigating.

Despite the limited number of studies in the literature (e.g., Liou & Liu, 2015) examining students’
science achievements with their science motivational beliefs according to cognitive levels, there is no
study that determines them with a person-centered approach. Chang and Cheng (2008) examined 11th-
grade students’ science achievements at separate cognitive levels as knowledge and reasoning in
Taiwan. They found that students’ science interests and self-confidence were more positively associated
with the knowledge domain.

Gender and SES Differences in Science Motivational Beliefs

Considering that science-related fields are mostly preferred by males (Akgiindiiz, 2016; Moakler & Kim,
2014), that science is a male-dominated field (Banchefsky & Park, 2018; Kahraman & Sungur-Vural,
2014), that gender is associated with science achievement (Mullis et al., 2020) and science motivation
(Wan, 2021). There is a need to improve girls’ science skills in middle school years due to science-
related career choices (Moakler & Kim, 2014). It is crucial to take into account gender differences in
science motivational beliefs from the preadolescence period to the adolescence period (Liou et al.,
2021).

Numerous empirical studies have been carried out to examine the relationship between science
motivational beliefs and gender. However, complex results have been presented. There are different
results regarding gender differences in science motivation. There are studies showing that girls have
higher science motivation (e.g., Hong & Lin, 2011). There are also research studies indicating that boys’
science motivation is stronger (e.g., Fong et al., 2021; Liou et al., 2021; Wan, 2021; Wan & Lee, 2017)
and that there is no difference in science motivation between genders (Lee et al., 2022; Perez et al.,
2019; Seggin & Sungur, 2021).

In the study of Berger et al. (2020), self-concept differences in each profile were generally in favor of
boys, while utility value differences were in favor of girls. There were no differences in profiles between
genders in terms of intrinsic value. According to this research, while there was no significant difference
in science interest between female and male students, girls valued science more and boys considered
themselves more competent in science. In the study by Fong et al. (2021), while girls in High Math/High
Science profiles were underrepresented, girls in High Math/Low Science profiles were more represented
than boys. In the research of Ma (2022), the rate of boys classified into higher science motivation profiles
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was greater than girls, and research results did not demonstrate significant relations between gender and
motivational profile membership (Lee et al., 2022; Perez et al., 2019).

The variation in gender differences in intrinsic value, self-concept, and utility value of science and
science motivational beliefs may be due to the cultural context. According to SEVT, intrinsic value,
self-concept, and utility value are related to the individual’s cultural milieu (e.g., gender stereotypes),
beliefs and behaviors of socializers (e.g., parents, teachers, and peers), prior experiences with
achievement, and the perceptions and interpretations of these (Eccles & Wigfield, 2020; Wigfield &
Eccles, 2000).

According to SEVT, gender, socio-economic, and cultural family characteristics are also related to the
intrinsic value, self-concept, and utility value of science (Eccles & Wigfield, 2002; Wigfield & Eccles,
1992). The fact that students have access to educational resources at home and have parents who draw
attention to the importance of science education plays an important role in their affective orientation and
supports them in developing positive learning motivational beliefs (Chen et al., 2012). Previous
variable-centered studies also showed a positive relationship between SES and science-motivational
beliefs (Chen et al., 2012; Fleming & Malone, 1983; Hu et al., 2018). Radisi¢ et al. (2021) found in their
person-centered research that students with higher SES were more inclined to be part of higher
motivational profiles.

The Present Study

In this study, the science motivational beliefs of the eighth-grade students were evaluated using a
nationally representative sample of the TIMSS 2019 data in Tiirkiye. The curiosity that prompted this
study was to reveal eighth-grade students’ science motivational profiles, to examine the relationships of
the gender and SES covariate variables with motivational profiles, and to observe whether students’
motivational profiles differed according to the cognitive dimensions of science achievement.

In this way, the research study will enhance understanding of motivational belief profiles in cultural
context and help articulate the relationship of these profiles with the variables of SES, gender, and
cognitive dimensions of science achievement. Based on the potential contributions to building on
existing literature, this study aims to ascertain the latent profiles revealed by the answers given to the
science-related questionnaires of the eighth-grade students who participated in TIMSS 2019 from
Tiirkiye with latent profile analysis. For this purpose, it was determined whether socio-economic status
(SES) and gender predicted profile membership. In addition, it was determined whether there were
notable variances in student’s achievements across cognitive domains (knowing, applying, and
reasoning) in profile memberships that included SES and gender as covariates. The research questions
are below:

Q1: How many profiles are there among students in terms of science motivation?

Q2: How do students’ gender and socio-economic status predict motivational beliefs profile
memberships?

Q3: How are students’ motivational beliefs profiles associated with science knowing, applying, and
reasoning achievement?

METHOD
Dataset and Sample

The dataset was obtained from the 2019 application of the TIMSS eighth-grade students administered
by the International Association for the Evaluation of Educational Achievement (IEA). These students
participated in the TIMSS 2019 from Tiirkiye and answered the science-related motivational beliefs
scales and science achievement tests. The dataset initially consisted of 4048 students. Little’s MCAR
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test was performed to determine whether the missing data were completely random, and the results
indicated that the missing data followed the Missing Completely at Random (MCAR) model (3> =
13.943, df = 15, p = 0.530), with less than 5% missing for each variable. Therefore, it is acceptable to
exclude individuals with missing data from the analysis using complete case analysis. As a result, the
dataset was reduced to 3988 students. Among these students, 1982 (49.7%) were female, while 2006
(50.3%) were male. The gender and SES variables were considered covariate variables. In the TIMSS,
the scale of “Home Educational Resources” included information about the educational and
occupational background of parents, the number of books at home, internet access, and room for students
at home (see Mullis et al. (2016) for details about the index). This variable represents the participants'
socioeconomic status (Gustafsson et al., 2018).

Instruments

The data were collected with the "Students Like Learning Science (SLLS)" scale consisting of nine
items for students' intrinsic values (e.g., | look forward to learning science in school), the "Students
Confident in Science (SCS)" scale consisting of eight items for students' self-concepts (e.g., | usually
do well in science), and the "Students Value Science (SVS)" scale consisting of nine items for utility
values (e.g., | think learning science will help me in my daily life). In this study, the structural validity
and reliability of the scales were found to be satisfactory. For the SLLS, structural validity indices
indicated a good fit (CFI = 0.98, TLI = 0.98, RMSEA = 0.06, SRMR = 0.03), and Cronbach's alpha
value was 0.87. Similarly, the SCS demonstrated good structural validity (CFI = 0.98, TLI = 0.98,
RMSEA = 0.05, SRMR = 0.02), with a Cronbach’s alpha value of 0.85. Finally, the SVS showed good
structural validity as well (CFI1=0.98, TLI = 0.97, RMSEA = 0.07, SRMR = 0.03), and its Cronbach’s
alpha value was 0.89.

To obtain the scale scores of the students, the IEA has used the Rasch partial credit model, which is one
of the item response theory scaling methods. The items were calibrated by using data from all countries
that have participated in TIMSS (Martin et al., 2016). The IEA-calculated scale scores of students were
used with no transformations or changes made to the values. According to the IEA (2019), the science
assessment framework for TIMSS 2019 is organized around two dimensions: (1) the Content dimension,
specifying the subject matter, and (2) the Cognitive dimension, specifying the thinking processes to be
assessed. Each student has five plausible values and the mean of the scores was scaled to 500, and the
standard deviation was 100. TIMSS utilizes IRT scaling to place achievement in each of the cognitive
domains on the TIMSS science achievement tests (Mullis et al., 2016). Three cognitive domains were
examined in TIMSS, namely knowing, applying, and reasoning. Questions associated with these
cognitive domains were devoted in the test to 35% of knowing, 35% of applying, and 30% of reasoning.

Data Analysis

The primary analysis technique of this study was latent profile analysis (LPA) with covariates. LPA, a
person-centered approach, was utilized to classify individuals into different subgroups based on their
response patterns, ensuring that individuals within a subgroup were more similar to each other than to
those in other subgroups (Muthen & Muthen, 2000). In LPA, the number of latent subgroups was not
determined a priori. For this reason, the analysis should be repeated until the fittest model for the data
was reached, and the models tried in this process should be compared both in terms of statistical results
and logical interpretability. It can be stated that some of the criteria mentioned in the literature for model
selection were Akaike’s Information Criterion (AIC; Akaike, 1974), Bayesian Information Criterion
(BIC; Schwarz, 1978), Adjusted Bayesian Information Criterion (aBIC), Vuong-Lo-Mendell-Rubin
Test (VLMRT; Lo et al., 2001) and entropy. 2 to 8 class models were tested, and model parameters were
compared to find the best fit for the data. To statistically evaluate the model fit for different profiles,
there were log-likelihood, AIC, BIC, adjusted BIC (aBIC), VLMR-LRT p-value, LMR p-value, and
entropy criteria. Nylund et al. (2007) recommended using the Bayesian Information Criterion (BIC) to
identify the best-fitting model, noting that a lower BIC value indicates a better model. On the other hand,
Tein et al. (2013) highlighted that entropy and AIC values may be unreliable criteria. Therefore, this
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study primarily relied on BIC and the interpretation of profiles as the fundamental criteria for model
selection. In the study, we used the “Total Student Weight” variable along with the motivational belief
variables in the TIMSS dataset, as this procedure would increase the generalizability of the statistical
estimations (Gonzalez, 2012).

After the model decision, we designated the profiles by interpreting the mean scores of the SLLC, SCS,
and SVS variables in different profiles. Furthermore, we added "gender" and "SES" to the model as
covariates. Finally, it was determined whether the student's performance in science cognitive domains
(knowing, applying, and reasoning) differed statistically between different profiles using the distal
outcome model. Due to its matrix-sampling booklet design, TIMSS employs multiple imputation to
measure students' academic achievement. For the science cognitive dimensions, TIMSS provides five
plausible values (PV1-PV5). Plausible values (PVs) are imputed values for latent variables (Asparouhov
& Muthén, 2010), designed to reflect the uncertainty in estimating student achievement from the
sampled data. The imputation method was used in the analysis by specifying TYPE=Imputation in
Mplus, which facilitates the integration of all five plausible values into the analysis. The results were
obtained by using Asparouhov and Muthén's manual BCH approach (2014). Furthermore, the Z-test
was used to determine the mean differences between profiles, testing the null hypothesis that the means
of two groups are equal, with statistical significance typically set at 0.05. The effect size was calculated
using Cohen’s d, which is interpreted as small (0.2), medium (0.5), and large (0.8) effects, as suggested
by Cohen (1988). All analysis was done with Mplus (Muthen & Muthen, 1998-2017).

RESULTS
Preliminary Analysis

Before performing the LPA for determining the students’ motivational beliefs profiles for science,
descriptive statistics of variables and the correlation coefficients between the variables were listed in
Table 1. The TIMSS measured the eighth-grade students’ intrinsic values with the SLLS scale, their
self-concepts with the SCS scale, and their utility values with the SVS’ scale.

Table 1.
Means and Correlations between Variables

Variables X SD.  Skew. Kur. IV SC UV ses Knowing  Applying  Reasoning

4 (PV) (PV) (PV)

v 1073 191 -25 -15 1

sC 1083 214 .32 02 .64 1

uv 1035 1.85  -43 15 56 42+ 1

SES 938  1.80 -14 23 .03  21** 04 1
KnOWing _ _ Kk Kk Fk *k

Pv) . 50193 10614 22 04 25%% 4Gt 14 47 .
A‘Z"F’,'e;')”g 510.83 9421  -12  -18 .23%%  A7** 1% A7**  gQw* L
Re?;‘\);‘)'”g 52002 99.73  -26 .01 .22%%  AB** 10 45%*  ggwx 88** 1

SD: Standard deviation; Skew: Skewness; Kur: Kurtosis; IV: Intrinsic Value; UV: Utility Value; SC: self concept; Mean
values of PV reported. ** p<.01

Table 2 showed the descriptive statistics of intrinsic value, self-concept, utility value, SES, and PV of
knowing, applying, and reasoning. All variables showed normal distribution. The mean scores for the
intrinsic value, self-concept, and utility value variables were close to each other. All correlation
coefficients were significant at p < .01 except between SES and intrinsic value. The magnitudes of
correlations between knowing, applying, and reasoning was strong (r = .88 - .89), while correlations
between intrinsic value, self-concept, and utility value show moderate (r= .42 - .64).
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Latent Profile Analyses

In order to reveal the students’ motivational profiles and to find the model enabling meaningful
interpretations, LPA was performed from one profile to eight profiles (see Table 2 for the model).

Table 2.
Latent Profile Analysis Results and Fit Statistics
Model  k LL Npar AIC BIC aBIC p (VLMR-LRT) p(LMR-ALRT) Entropy

1Profile 1 -25075.08 6 50162.16 50199.90 50180.84 - - 1
2 Profile 2 -23705.89 10  47431.78 4749469 47462.92 <0.01 <0.01 0.72
3 Profile 3 -23238.68 14  46505.37 46593.44 46548.96 <0.01 <0.01 0.81
4 Profile 4 -22937.64 18  45911.28 4602452 45967.32 <0.01 <0.01 0.80
5Profile 5 -22821.07 22 45686.15 45824.55 45754.65 <0.01 <0.01 0.80
6 Profile 6 -22687.97 26 4542794 45591.51 45508.89 0.57 0.61 0.79
7 Profile 7 -22539.77 30  45139.54 4532828 45232.95 0.48 0.53 0.89
8 Profile 8 -22507.53 34  45083.06 45296.96 45188.92 0.19 0.20 0.86

Note: k=class number; -LL= model Loglikelihood; Npar= number of parameter; AIC = Akaike information criterion; BIC =
Bayesian information criterion. aBIC = adjusted BIC; Bootstrap LRT (p value); LRT=Lo—Mendel-Rubin (p value)

The AIC, BIC, and aBIC values exhibited a consistent decrease across each Latent Profile Analysis
(LPA) model (see Table 2). A notable convergence of these metrics is observed beyond the four-profile
model, indicating an inflection point. This observation is visually supported by Figure 1. Assessing the
statistical significance through the VLMLRT and adjusted LRT tests, it is determined that the inclusion
of a sixth profile does not yield a significant enhancement in model fit over the five-profile model (p =
.574 and p = .611). This situation necessitated a decision-making process between the four-profile and
five-profile models by considering both the statistical findings and the logical alignment of their
structures with the relevant literature. Although the five-profile model exhibits slightly lower AIC, BIC,
and aBIC values, the difference in these metrics between the four-profile and five-profile models is not
substantial. Notably, the entropy values for profiles 4 and 5 are consistent (see Table 2). Within the
context of the five-profile model, a specific profile emerges, representing individuals with very low
motivation and accounting for approximately 1% of the total population. Individuals within this profile
constituted a very small portion of the population and did not exhibit any characteristics of significance
that would contribute to the relationships explored in the study or the broader literature. When examining
the cut scores of the scales used to uncover latent classes in this study, as reported in the TIMSS 2019
International Results (Mullis et al., 2020), the profiles in the four-profile model sufficiently captured the
entire range of cut score variability, making additional profiles unnecessary. Furthermore, although two
profiles in the four-profile model displayed similarities in their average intrinsic value and utility value,
one of these profiles was significantly distinct from the other in terms of self-concept averages, as
determined by cut scores. Liou and Liu (2015) and Liou (2017) emphasized that the effect of self-
concept on science achievement is stronger compared to intrinsic and utility values. This insight further
motivated our interest in examining the profile differentiated by self-concept. Conversely, no evidence
suggested that analyzing the five-profile model would yield greater contributions to the literature than
the four-profile model. In conclusion, the selection of the four-profile model was well-supported by
several factors: the meaningful differentiation of average scores across profiles, as highlighted by
considerations of scale cut scores, the model’s alignment and interpretability in relation to existing
literature, and its superior fit to the data when compared to all other models—apart from the debated
five-profile model. Thus, the four-profile model was finalized as the most appropriate solution, with the
following fit indices: log-likelihood = -22937.642, AIC = 45911.283, BIC = 46024.522, aBIC =
45967.326, and entropy = 0.800, supported by significant LMR and VLMR tests (p <.001).
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Figure 1.
AIC, BIC and aBIC Values for Eight Different Latent Profile Models
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Based on the eighth-grade cut scores reported in the TIMSS 2019 International Results (Mullis et al.,
2020), attitudes were categorized as follows: low attitudes (less than ~9), moderate attitudes (~9 to ~11),
and high attitudes (greater than ~11). These thresholds, derived from intrinsic value, self-concept, and
utility value scores, represent general patterns across scales with slight variations among domains. When
examining the mean values across the profiles in the four-profile model (see Table 3), distinct patterns
emerged. Profile One (Low Motivation) exhibited mean values significantly below the approximate
thresholds for all domains, with intrinsic value = 6.575, self-concept = 6.845, and utility value = 6.700,
categorizing this group as low attitudes. This group also accounted for only 3% of the population. Profile
Four (Moderate Motivation) demonstrated mean values around the moderate range, with intrinsic value
= 9.443, self-concept = 9.501, and utility value = 9.436. Representing the largest proportion of the
population (43%), this group reflects a somewhat motivated perspective. Profile Two (High Motivation)
exceeded the threshold for high attitudes, with intrinsic value = 11.743, self-concept = 11.039, and utility
value = 11.144. This profile aligns closely with high motivation and covered 36% of the population.
Finally, Profile Three (High Motivation with Very High Confidence) demonstrated the highest scores
across all domains, with intrinsic value = 12.571, self-concept = 14.201, and utility value = 11.556. This
group clearly fell into the high range, particularly standing out for self-concept, and accounted for 18%
of the population.

The labels assigned to each profile reflect these patterns, capturing meaningful distinctions in intrinsic
value, self-concept, and utility value. Table 3 presents the unstandardized means for the variables across
the four profiles, while Figure 2 illustrates the standardized-unstandardized scores for these variables.

Table 3.

Mean Levels on The Profile Indicators
Profiles Intrinsic value  Self-concept  Utility value %
Profile One: Low motivation 6.575 6.845 6.700 3
Profile Two: High motivation 11.743 11.039 11.144 36
Profile Three: High motivation with very high confident 12.571 14.201 11.556 18
Profile Four: Moderate motivation 9.443 9.501 9.436 43
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Figure 2.
Unstandardized and Standardized Means of Motivational Beliefs Profiles
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Profile Membership Based on Students’ Gender and SES

We considered the students’ gender and SES predicted their profile memberships in the LPA model (see
Table 4). All comparisons based on profiles are in Appendix A. The gender variable was coded as a
dummy variable (female=0, male=1). Profile 4 was chosen as the reference group. The multinomial
logistic regression results showed that gender was associated with class membership. As shown in Table
4, in the high motivation and high motivation with very high confident profiles, statistically significant
coefficients were obtained. It means that the boys were less likely to be assigned to the high motivation
or high motivation with very high confidence. The students with high SES were statistically more likely
to belong to high motivation and high motivation with very high confidence than to moderate
motivation. This result showed that the students with high SES were likely to be in the high motivation
profiles. Moreover, there was no significant association between their likelihood of being classified as
low motivation versus moderate motivation.

Table 4.
Results of LPA for Four-Profile with Covariates
Profile 1 versus Profile 4 Profile 2 versus Profile 4 Profile 3 versus Profile 4
Covariates Est. SE Int.  Odds [SE] Est. SE Int. Odds[SE] Est. SE Int. Odds [SE]
Gender -0.14 03 -25 091[21] -0.24* 01 -01 0.79[.08] ~-26* 0.1 -0.6 0.77[.08]
SES 003 01 -29 103[05] .056* 0.02 -0.7 1.06[41] .29* 0 -3.7 1.34[.04]
* p<.05; Profile 1 = low motivation; Profile 2 = high motivation; Profile 3 = high motivation with confidence, Profile 4=
moderate motivation
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Associations of Profiles with Students’ Science Achievement

Finally, we investigate whether the students’ motivation profiles were related to their cognitive domains
of science achievement and their gender and SES. The students with low motivation profiles had the
low achievement in science across all cognitive domains, and they were followed by those with moderate
motivation, high motivation, and high motivation with very high confidence. When the gender and SES
variables were controlled, the “low motivation in science” and “moderate motivation in science” profiles
had no significant difference in their science achievement domains (Table 5). However, students’
motivation profiles influenced their achievement in Science cognitive dimensions. The most significant
differences were identified between the low motivation and high motivation with confidence in science
applying (d=1.447). Additionally, large differences were found between the low motivation and high
motivation with confidence in science knowing (d=1.368), as well as the low motivation and high
motivation with confidence in science reasoning (d=1.357).

Table 5.
Pairwise Mean Differences in Across Profiles (BCH Method)

Science Cognitive Dimensions Profile comparison (ul-p2) Ap Z Cohend

Knowing P1 vs P2 -58.186 12.953* 0.606
P1vsP3 -131.341 13.723* 1.368
P1vs P4 -9.791 12.396 -
P2 vs P3 -73.155 5.415* 0.762
P2 vs P4 48.395 5.054* 0.504
P3 vs P4 121.550 5.055* 1.266

Applying P1 vs P2 -67.833 13.802* 0.793
P1vsP3 -126.300 14.741* 1.447
P1vs P4 -21.788 13.900 -
P2 vs P3 -58.466 5.031* 0.684
P2 vs P4 46.045 5.38* 0.538
P3 vs P4 104.511 5.282* 1.222

Reasoning P1vs P2 -59.659 11.351* 0.655
P1vsP3 -123.621 12.448* 1.357
P1vsP4 -15.815 11.532 -
P2 vs P3 -63.692 5.570* 0.702
P2 vs P4 43.844 4.606* 0.481
P3 vs P4 107.806 4.979* 1.183

Note: *< 0.001 Au: Mean difference; ul-u2: the difference between the mean of profiles,; Profile 1 = low motivation;
Profile 2 = high motivation; Profile 3 = high motivation with confidence, Profile 4= moderate motivation

DISCUSSION

In this study, our goal was to reveal the relationship between students’ science motivation profiles and
significant differences between the student’s achievements in the cognitive domains in profile
memberships that included SES and gender as covariates.

Profiles of Students’ Science Motivational Beliefs Profiles

According to SEVT, there are gender differences in the relationships between achievement and
motivational beliefs. Previously, it was found that different profiles emerged in person-centered research
on motivation toward science (e.g. Berger et al., 2020; Bge & Henriksen, 2013; Snodgrass Rangel et al.,
2020). The reason for the emergence of different profiles may be different samples and cultures. We
found four motivational beliefs in science: “low motivation”, “moderate motivation”, “high motivation”,
and “high motivation with very high confidence”. The findings indicated that there was a very small

group (3%) with low motivational beliefs in science, while the group with the highest percentage had a
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moderate motivational beliefs profile. Moreover, the group with high motivational beliefs constituted
about 55% of the sample. The profiles of the study were as expected from SEVT. This result was
consistent with the other person-centered studies examining mathematics and science motivational
beliefs profiles conducted by Berger et al. (2020) and Snodgrass Rangel et al. (2020). They found a
small group with low motivational beliefs, and a higher rate of high motivational beliefs, not consistent
with Gaspard et al. (2019). However, these studies found students’ profiles by combining two different
subjects such as math, science, and English. Taken together, there was a variety in the motivational
beliefs’ profiles of the students; however, the majority of them were high profiles. In other words, more
than half of the group in this sample was found to have positive motivational beliefs toward science.
One of the reasons for the high proportion of high motivational beliefs may be that the majority of the
students in this sample had to participate in the high-stake test application that had a science subject for
the transition to high school.

The high motivational beliefs with a very high confidence profile comprised a smaller percentage
compared to the moderate and high-profile groups at the patterns of motivational beliefs. In addition,
the difference between high motivational beliefs and high motivational beliefs with very high confidence
profiles was that the intrinsic value and utility value were almost at the same level. However, self-
concept was thought to be a more extrinsic component compared to the others. Interestingly, this result
was not consistent with findings from other person-centered research examined motivational beliefs
based on SEVT (e.g., Berger et al., 2020; Lee et al., 2022). It revealed that science achievement was one
of the results frequently encountered in the literature (e.g., Acar, 2019; Mullis & Martin, 2017; Wang &
Liou, 2018). Therefore, the self-concept variable may have diverged from the other variables.
Furthermore, it was found that the students with high self-concept had significantly higher average
achievements than those with low self-concept. The relationship between the utility value of science
with achievement was weaker than that of the intrinsic value and self-concept variables (Mullis et al.,
2020). 1t was examined whether there was a difference between the profiles depending on the cognitive
domains, but the science subject areas were not taken into account since science courses were given
combined in the secondary school curriculum in Tirkiye. However, as noted in the TIMSS 2019 report,
it was found that science motivational beliefs varied in the subject areas of biology, chemistry, physics,
and earth science (Mullis et al., 2020). In addition, it was found that the intrinsic value, utility value,
and self-concept variables were generally (very) high or (somewhat) moderate for both Tiirkiye and
international averages.

Gender and SES as Predictors of Students’ Science Motivational Beliefs Profiles

We investigated differences in profile memberships based on gender and SES. It was found that the boys
were less likely than the girls to have “high motivation” and “high motivation with very high
confidence” profiles. This result was inconsistent with the results of different studies using the person-
centered method, in which boys had high motivation profiles (Fong et al., 2021; Ma, 2022) or there was
no significant difference between boys and girls (e.g., Lee et al., 2022; Perez et al., 2019). The results
of gender differences in science motivational beliefs in studies using variable-centered methods were
not very consistent, either. Several studies reported that boys had more positive science motivational
beliefs than girls (e.g., Hu et al., 2018; Liou et al., 2021; Wan, 2021). While a study using the 2011
TIMSS data from 45 countries, no significant difference was found in the science motivation of girls
and boys (Bodovski et al., 2020). On the other hand, our results, in which the girls had high motivation
profiles, were evaluated in the literature as unconventional results (Liou et al., 2021). Our findings align
with those of Hong and Lin (2011), who conducted their research with a sample from Taiwan, as well
as with the 2015 TIMSS results for Tiirkiye reported by Liou et al. (2023). In their study, Liou et al.
(2023) observed that boys' motivational beliefs in science were either higher or showed no significant
difference compared to girls' beliefs in societies with relatively high gender equality. However, in
Middle Eastern societies (e.g., Saudi Arabia, Kuwait, Oman, and Tiirkiye) where gender equality is low,
girls” motivational beliefs in science were high. According to the Global Gender Gap Index 2021
rankings, Tiirkiye ranked 133 out of 156 countries in terms of gender equality (World Economic Forum,
2021). The reason why girls have a high motivation in science in Tiirkiye might be answered, where
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gender equality is low, education may be an important tool for women’s emancipation. Education is an
important area of opportunity for girls to demonstrate that they are equal to boys. This leads girls to have
positive motivational beliefs toward courses. The TIMSS results also support these inferences. There is
a reciprocal relationship between academic self-concept and academic achievement (Marsh & Martin,
2011). In Tirkiye, Kuwait, Oman, and Saudi Arabia, in the last three TIMSS cycles (Kuwait did not
participate in the 2011 assessment), the average achievement of girls in both science and mathematics
was higher than that of boys in the eighth-grade results (Mullis et al., 2020).

It was found that students from high SES backgrounds were more inclined to be part of the high-
motivation groups. This finding especially supports the results of variable-centered research using
relatively large samples such as TIMSS (e.g., Chen et al., 2012; Hu et al., 2018) as well as the principle
of SEVT regarding that socio-economic family characteristics are related to expectancy and value
beliefs. Since the subject of science based on real-life situations, it was recommended that students
should benefit from out-of-school learning environments (e.g., science centers, museums, planetariums,
Z00s, botanical gardens, and natural environments) for an effective learning process in the 2018 Turkish
Science Curriculum, (MoNE, 2018). However, being able to benefit from out-of-school learning
environments requires a cost, and students with higher SES levels are more likely to have these
environments. Richness of experience based on scientific phenomena, optional science experiences (Liu
& Schunn, 2020), technology-based applications, such as augmented reality (Cetin & Tiirkan, 2021),
and parental involvement (Gorard & See, 2009) enhance science motivation in a positive way.
Compared to families with a low SES level, those with a high SES level have a greater opportunity to
offer a conducive environment for learning, a variety of learning materials, technological equipment,
and informal learning opportunities, such as summer schools and STEM camps (Liu & Schunn, 2020),
and schools that are better equipped with technology and learning materials. It can be thought that these
reasons may have been important in the development of positive motivational beliefs toward science.

Students’ Motivational Beliefs Profiles and Science Cognitive Dimensions

When we look at the distal outcomes comparisons of the students from different profiles, some results
stand out. The mean scores of the students from the science achievement test increased from the lowest
motivation group to the highest motivation group in all cognitive domains. The differences between the
mean scores of the students in different motivational beliefs profiles were statistically significant in all
other pairwise comparisons, except for the comparisons between the low and moderate motivation
profiles. The fact that the difference between the low and moderate motivation profiles was not
statistically significant and that the differences between the high motivation and other profiles were,
however, statistically significant indicates that motivation in science must reach high levels to have a
significant association with science achievement. This situation reveals the importance of having a high-
level motivation for achievement in all cognitive domains (knowing, applying, and reasoning) in
science. Another remarkable result was that the mean scores of the students in the "high motivation with
very high confidence" profile in three domains were quite higher than those in the other profiles because
there was no big difference between this profile and the “high motivation profile” in terms of intrinsic
and utility value, but there was a noticeable difference in terms of self-concept. This showed us that the
profile of the students with high self-confidence performed well in all cognitive domains. In the literature
review, we found studies showing that there was a positive and strong relationship between self-concept
and science achievement, and that self-concept was a more effective predictor of achievement than other
motivational beliefs variables (Acar, 2019; Liou, 2017; Liou & Liu, 2015; Mullis et al., 2020; Wang &
Liou, 2018). It should be noted that our study did not resolve the uncertainty arising from the duality of
the relationship. We could not know whether the students had high science achievements because their
motivation in science was high or whether the students with high science achievements were assigned
to latent classes with a high motivation profile because their motivational beliefs were also high.
Although a definite interpretation cannot be made on this subject, the relationship examined in this study
was from motivation to success. If we had tested the statistical significance of the differences in
motivation levels between the achievement profiles, the analysis would have been from achievement to
motivation. In this respect, at least, we know that the students who were different from each other in
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terms of science motivation levels were also different from each other in terms of science achievement
and that the difference between their motivational beliefs explains the difference between their
achievements. Besides, no conclusion could be reached regarding the advantages or disadvantages of
different motivational belief profiles in different cognitive domains. It was determined that the mean
scores of the reasoning domain in all motivational beliefs’ profiles were higher than the mean scores of
the other domains.

CONCLUSION

Overall, the main focus of the current study was to identify Turkish adolescents/students’ motivational
beliefs profiles toward science. There are other studies aimed at determining the motivational beliefs
profiles of students/adolescents in science (e.g., Berger et al., 2020). However, this is the only study to
examine science belief profiles using science cognitive domains (knowing, applying, and reasoning)
with SES and gender by using a nationally representative sample. LPA revealed four science motivation
profiles, namely “low motivation”, “moderate motivation”, “high motivation”, and “high motivation
with very high confidence”. Gender and SES were found to be important for the likelihood of having
high motivation profiles (Profiles 2 and 3). In other words, the girls were more likely to have higher
profiles and the boys were more likely to have lower profiles, while the students with higher SES were
more likely to have high motivational beliefs profiles. The results of this study challenge gender the
stereotype that males have higher preferences for science. When considered together with the results of
other studies conducted in different cultures (e.g., Liou et al., 2023), it can be concluded that culture is
more influential in science than innate characteristics as assumed in SEVT (Eccles & Wigfield, 2020).
While there was no significant difference between the “low motivation” and “high motivation” profiles
for science knowing and science applying, there was a difference in all other pairwise comparisons. It
was determined that the science knowing, applying and reasoning scores differed significantly among
the profiles and that there were significant differences in each domain between the high and moderate
profiles. In addition, when gender and SES were added to the model, there was no difference between
the low and moderate motivation profiles in knowing, applying, and reasoning. However, there were
differences between all other profiles. The results of the study emphasize the importance of considering
students' SES and gender in a culture, where both traditional collectivist and individualistic cultures
coexist, and show that it is distinctive, especially in high-confidence profiles.

Educational Implications

The results of this study have implications. Firstly, there is a centralized education system in Tiirkiye
and this prevents teachers, who are practitioners, from taking contextual differences in the curriculum
into account. However, when the teacher requires it, it may be necessary to make revisions in classroom
practices by taking into account differences in students’ motivation in the subject, course, gender, and
SES. In other words, the teacher should have sufficient flexibility and self-determination. With the
person-centered approach, students' motivational beliefs were handled in a multi-dimensional way. Our
results revealed that the students’ science motivational beliefs were divided into four profiles and that
more than half of the students were classified as having a high-level attitude profile. These students also
had the highest course grades; nearly half of them were classified as having a low and moderate-level
attitude profile; and these students had low grades. For this purpose, carrying out activities that may
enable the development of positive motivation in science in classrooms and schools by integrating
various learning materials, technological equipment, enrichment opportunities of learning
environments, such as STEM camps (Liu & Schunn, 2020) and course studies (Snodgrass Rangel et al,
2020), will increase students’ science motivation and achievements. In addition, by determining the
level of students’ motivation in science, and if they have a low level, the reason for this, solutions aimed
at increasing their motivation can be sought by conducting interviews with the teacher or psychological
counselor. Moreover, it was also found that self-concept was dissociated from the other attitude
constructs. Considering that self-concept is formed by observing other students and the teacher
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(Miscevic-Kadijevic, 2015), it is suggested that the classroom and school environment are important in
the development of students’ motivation in science, and it is recommended that teachers consider
motivation and differences in motivation, which are important predictors of science achievement. In
addition, gender and SES were found to be important for the likelihood of having high motivation
profiles. For this reason, educators should consider students’ gender and SES when organizing science
activities.

Limitations and Future Research

We acknowledge that this study has certain limitations that should be considered in future research when
the findings are interpreted. Firstly, we assumed that the student’s responses to the science motivation
questionnaires reflected their actual thoughts. Secondly, sample of this study was the nationally
representative sample and data obtained from other countries, cultures, or age groups were ignored in
TIMSS 2019. Consequently, caution should be exercised when generalizing the findings of this study.
Thirdly, the four components in SEVT, namely intrinsic value, attainment value, utility value, and cost
influence students' task values (Eccles et al., 1983; Eccles & Wigfield, 2020). Attainment value and cost
could not be examined within the scope of this research because they were not included in the data on
motivational belief in TIMSS 2019. In addition, only the field of science was chosen in this study, and
future research can thus reveal students' profiles based on expectancy-value theory by combining other
fields, such as mathematics and literary, which are related to science. In future studies, it would be very
interesting to reveal whether these results can be replicated for the same or different cultures,
geographical regions, or age groups. Fourthly, a single-level LPA was used to reveal the students’
science profiles, and in future studies, a multi-level LPA can be performed by considering the multi-
level structure of the data. Fifthly, the intrinsic value, self-concept, and utility value constructs, measured
by scale items used in TIMSS, were used. In future studies, research findings can be compared by using
different scales that measure the same constructs. Sixthly, in education systems that deal with science
in separate subject areas, such as biology, chemistry, and earth science, the profiles of students for
different subject areas can be revealed, and it can be examined whether these profiles differ in different
subject areas. At the very least, TIMSS is a cross-sectional study, and therefore, in future research,
longitudinal studies can be conducted to reveal the profiles of science motivational beliefs and their
relationship with science achievement. As a continuation of this study, it will be very interesting to
examine the stability of science profiles of students, the relationship between SES and gender with
profiles, and the relationship between the science cognitive domain throughout high school and
university. In addition to quantitative studies, mixed research can be conducted with qualitative methods
such as observation and interviews.
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AKIN ARIKAN, ACAR ERDOL ve CUM; Ogrencilerin fen motivasyonu ve bilissel boyutlar arasmdaki iliskilerin értiik profil
analiziyle incelenmesi

TURKCE GENISLETILMIS OZET

Bu ¢alisma, d6grencilerin motivasyon profillerini belirlemeyi ve motivasyon profilleri ile cinsiyet, sosyo-
ekonomik durum (SES) ve fen bilimleri biligsel alan becerileri (bilme, uygulama, akil yiiriitme)
arasindaki iligkiyi incelemeyi amaclamaktadir. Bu calisma, alanyazindaki bir takim bogluklari ele alma
ve oralardaki sinirh bilgiyi genisletme potansiyeline sahiptir. S6z konusu bosluklardan birisi bilgi
acigidir. Fen motivasyonel inanglar ile fen basaris1 arasindaki iligkileri inceleyen ¢aligmalarda (6rn.
Berger vd., 2020; Lee vd., 2022; Perez vd., 2019), fen basarisi tek boyutlu homojen bir yapi olarak
degerlendirilmistir. Bu calismada fen basarisi {i¢ bilissel alan basamagi uyarinca ii¢ boyutta ele
almmigtir: “bilme”, “uygulama” ve “akil yiriitme”. TIMSS 2019 uygulamasinda sekizinci sinif
Ogrencilerinin fen bagarilar s6z konusu ii¢ biligsel alan boyutu lizerinden ele alinmistir (Mullis vd.,
2020). Bir diger bosluk ise metodolojik bosluktur. Beklenti-deger inanglar ile fen basaris1 arasindaki
baglantiy1 arastiran ¢ogu arastirmada degisken-merkezli (variable-centered) yaklagimlar kullanilmustir.
Diger yandan, bu arastirmada da benimsenen yaklasim olan birey merkezli (person-centered)
yaklagimlarla, motivasyon bilesenlerinin es zamanli olarak incelenebilmesi ve bireylerdeki birden fazla
motivasyon gostergesinin degisiminin dikkate alinmasi miimkiin hale getirilebilir (Fong vd., 2021).
Alanyazindaki bir diger bosluk ise ¢eliskili sonuglardan kaynaklanan kanit yetersizligidir. Beklenti
Deger Teorisi’ne gore cocuklara saglanan firsatlar ve ¢ocuklarin karar verme durumlari, kiiltiirel
baglama ve aym kiiltiir i¢indeki belirli gruplara (6rnegin cinsiyet, SES) bagli olarak farklilik
gosterebilmektedir. Farkli kiiltiirel ortamlarda fen motivasyonel inanglari ile cinsiyet arasindaki iligkiyi
arastirmak i¢in yapilan ¢aligmalarda motivasyonel inang profilleri ve cinsiyet iligkisi konusunda tutarsiz
sonuclar bulunmaktadir (6rn., Berger vd., 2020; Gaspard vd., 2019; Lee vd., 2022; Ma, 2022; Perez vd.,
2019). Bu farkliligin potansiyel nedenlerinden biri cinsiyet esitligi olabilir (Liou vd., 2022). Tiirkiye
gibi cinsiyet esitliginin nispeten diisikk oldugu bir 6rneklemde (Diinya Ekonomik Forumu, 2021)
cinsiyet ve fen motivasyonel inanglari arasindaki baglantinin arastirilmasi, farkli sonuglarin nedenlerinin
anlasilmasinda ve kiiltiirel faktorlerin nasil gergeklestigine dair i¢gorii saglanmasinda etkili olabilir.

Yapilan tartigmalardan hareketle bu ¢aligmada, Tiirkiye'deki TIMSS 2019 verilerinin ulusal temsili bir
ornegi kullanilarak 8. sinif 6grencilerinin fen bilimlerine yonelik motivasyonel inang profilleri ile fen
basarilar arasindaki iligkiler incelenmistir. Bu inceleme yapilirken cinsiyet ve sosyo-ekonomik diizey
degiskenlerinin etkileri de g6z oniinde bulundurulmustur. Bu baglamda aragtirma, kiiltiirel baglamda
(lokal) motivasyonel inang profillerinin anlasilmasini saglayacak ve bu profillerin SES, cinsiyet ve fen
basarisinin bilissel alan boyutlar degiskenleriyle iligkisini ifade etmeye yardimci olacaktir. Bdylece s6z
konusu profillerin evrensel bulgularla karsilastirilarak incelenmesi de miimkiin hale gelecektir. Mevcut
alanyazina olas1 katkilarini 6ngorerek yola ¢iktigimiz bu ¢aligmada, Tiirkiye'den TIMSS 2019'a katilan
sekizinci sinif dgrencilerinin fen motivasyonel inanglar ile ilgili dlgeklere verdikleri yanitlari Srtiik
profil analizi ile belirlemeyi amagladik. Bununla birlikte SES ve cinsiyet degiskenlerinin profil iiyeligini
yordayip yordamadigini da es zamanl olarak inceledik. Ayrica SES ve cinsiyetin ortak degisken olarak
dahil edildigi profil iiyelikleri durumunda 6grencilerin farkl fen biligsel alanlarindaki performanslarinda
anlamli farkliliklarin olup olmadiginin incelenmesi de amaglanmistir. Bu amag dogrultusunda belirlenen
alt aragtirma sorular1 asagida verilmistir.

S1: Ogrenciler arasinda kag farkli fen motivasyonel inang profili ortaya ¢ikmaktadir?

S2: Ogrencilerin cinsiyeti ve sosyo-ekonomik durumlari motivasyonel inang profili iiyeliklerini nasil
etkilemektedir?

S3: Ogrencilerin motivasyonel inang profilleri bilme, uygulama ve akil yiiriitme fen biligsel
alanlarindaki performanslari ile nasil iligkilidir?

Aragtirmanin veri seti, Uluslararas1 Egitim Basarilarin1 Degerlendirme Kurulusu (IEA) tarafindan
yonetilen TIMSS sekizinci sinif 6grencilerine yonelik 2019 uygulamasindan elde edilmistir. Bu
ogrenciler TIMSS 2019'a Tiirkiye'den katilarak bilimle ilgili motivasyonel inang 6l¢ekleri ve fen basari
testlerini yanitladilar. Kullanilan degiskenlerin herhangi biri i¢in puani hesaplanmayan katilimcilarin
verileri silinerek 4048 Ogrenci verisinden olusan veri seti 3988 Ogrenciye disiiriilmiistiir. Bu
ogrencilerin 1982'si (%49,7) kiz, 2006's1 (%50,3) erkektir.

191

LR E R A= RIeE U ISIaUE| 2025, Volume 14, Issue 2 www.turje.org


http://www.turje.org/

AKIN ARIKAN, ACAR ERDOL ve CUM; Ogrencilerin fen motivasyonu ve bilissel boyutlar arasmdaki iliskilerin értiik profil
analiziyle incelenmesi

Aragtirma verileri, 6grencilerin igsel degerlerine (6rnegin, okulda fen 6grenmeyi dort gozle bekliyorum)
yonelik dokuz maddeden olusan "Students Like Learning Science (SLLS)" 6lcegi ve 6grencilerin benlik
algisina iliskin (6rnegin, genellikle fen bilimlerinde basariliyim) sekiz maddeden olusan "Students
Confident in Science (SCS)" o6lgegi ile toplanmigtir. Ayrica 6grencilerin fayda-deger yaklasimlarina
yonelik (6rnegin, fen bilimleri 6grenmenin bana ddevlerimde yardimei olacagini diisiiniiyorum) dokuz
maddeden olusan "Students Value Science (SVS)" dlceginden elde edilmistir. Arastirma verisinin diger
bir boliimii de TIMSS'de fen basarisi i¢in bilme, uygulama ve akil yiiriitme olmak iizere {i¢ biligsel alan1
Olcen basari testinden elde edilmistir. Testte bu biligsel alanlarla ilgili sorularin %35'i bilmeye, %35'
uygulamaya ve %30'u akil yiiriitmeye ayrilmigtir.

Bu ¢alismanin birincil analiz teknigi olarak ortak degiskenli ortiik profil analizi (Latent Profile Analysis-
LPA) kullanilmistir. Calismada istatistiksel tahminlerin genellenebilirligini artiracagi icin TIMSS veri
setindeki motivasyonel inang degiskenleriyle birlikte “Toplam Ogrenci Agirhiklar1 (Total Student
Weight)”ler kullanilmistir (Gonzalez, 2012). Veriye uygun model kararinin ardindan SLLC, SCS ve
SVS degiskenlerinin farkli profillerdeki ortalama puanlarini yorumlanarak profil isimleri belirlenmistir.
Ayrica modele "cinsiyet" ve "SES" degiskenleri ortak degisken olarak eklenmistir. Son olarak,
Asparouhov ve Muthén'in manuel BCH yaklagimi (2014) kullanilarak 6grencilerin fen bilimleri bilissel
alanlarindaki performansmin farkli profiller arasinda istatistiksel olarak farklilasip farklilasmadigi
belirlenmistir. Profil ortalamalar1 arasindaki farklari belirlemek icin Z testi kullanilmig ve etki
biiyiikliigii Cohen’in d testi kullanilarak dnerilen aralikta hesaplanmigtir (Cohen, 1988). Tiim analizler
Mplus (Muthen & Muthen, 1998-2017) ile gerceklestirilmistir.

Ortiik profil analizi sonuglarma gore, dort farkli profil ortaya cikmustir: "diisiik motivasyon", "orta
motivasyon", "yiiksek motivasyon" ve "cok yiiksek 6zgiivenli yiiksek motivasyon". Erkek 6grencilerin,
kiz 6grencilere kiyasla "yiiksek motivasyon" ve "¢ok yiiksek 6zgiivenli yiiksek motivasyon" profillerine
atanma olasiliklarinin daha az oldugu gériilmiistiir. Ote yandan, yiiksek sosyo-ekonomik duruma sahip
Ogrencilerin ise, yiiksek motivasyon profillerinde yer alma olasilig1 daha yiiksek bulunmustur. Farkli
motivasyon profillerindeki 6grencilerin basar1 puanlar1 ortalamalari arasindaki farklar incelendiginde
ise, diisikk ve orta motivasyon profilleri arasindaki karsilagtirmalar hari¢ tiim ikili karsilastirmalarda

(tlim biligsel alanlarda) istatistiksel olarak anlamli farklar bulunmustur.

Bu aragtirmadan elde edilen bulgular, 6grencilerin fen motivasyonlarinin artirilmasi i¢in biitiinciil bir
yaklagim benimsenmesi gerektigini, bu siirecte 6grencilerin cinsiyet ve sosyo-ekonomik durumlarinin
dikkate alinmasinin nemini vurgulamaktadir. Ogrencilerin farkli fen bilissel alanlarindaki basarilarini
artirmak i¢in motivasyonel inanglarmin desteklenmesi gerektigi sonucuna varilmistir. Cinsiyet ve ses
konusuna gelindiginde ise bu calismanin sonuglari, erkeklerin fene yonelik motivasyonlarinin daha
yiiksek oldugu yoniindeki cinsiyet klisesini sorgulamaktadir. Farkli kiiltlrlerde yapilan diger
calismalarin sonuglariyla birlikte degerlendirildiginde (6rn. Liou vd., 2022), kiiltiiriin, beklenti-deger
teorisi baglaminda fene yonelik motivasyonda varsayildigi lizere dogustan gelen 6zelliklerden daha
etkili oldugu sonucuna varilabilir (Eccles ve Wigfield, 2020). Calismanin sonuglari, geleneksel
toplumcu ve bireyci kiiltiirlerin bir arada var oldugu bir kiiltiirde 6grencilerin SES ve cinsiyet
Ozelliklerinin etkilerini goz oOnlinde bulundurmanimn 6nemini vurgulamakta ve ozellikle yiiksek
motivasyon profillerinde bu etkinin daha belirgin oldugunu ortaya koymaktadir.
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