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Abstract: INTRODUCTION. The aim of this study was to analyse how learning strategies, goals and academic
expectations influence motivation towards Biology and Geology in 3rd ESO students, as well as to adapt
and validate the SMQ-II to measure such motivation. METHOD. The sample consisted of 177 students from
seven secondary schools in Spain. The study used questionnaires to assess motivation, learning strategies,
academic goals, and academic expectations. Confirmatory factor analysis (CFA), descriptive, mean
difference, and binary logistic regression analyses were performed. RESULTS. The SMQ-II is a valid and
reliable instrument for measuring motivation towards Biology and Geology, exhibiting high reliability at the
subscale level. The results demonstrated that highly motivated students employed more effective learning
strategies and held more positive academic expectations, whereas less motivated students exhibited more
negative expectations and utilised less effective strategies. Regression analysis indicated that learning
strategies, particularly organisation, and positive academic expectations significantly predicted subject
motivation. Additionally, academic goals and emotional frustration management also influenced motivation.
DISCUSSION. It can be concluded that, to enhance students’ motivation towards Biology and Geology, it is
essential to exert a positive influence on their motivation.

Keywords: motivation; learning technique; Biology and Geology; secondary education.

Motivacioén hacia Biologia y Geologia en secundaria: impacto de
estrategias de aprendizaje, metas y expectativas académicas

ES Resumen: INTRODUCCION. El objetivo de este estudio fue analizar cémo las estrategias de aprendizaje,
las metasy las expectativas académicas influyen en la motivacion hacia la Biologiay Geologia de estudiantes
de 3.° de ESO, asi como adaptar y validar el SMQ-II para medir dicha motivacion. METODO. La muestra
estuvo compuesta por 177 estudiantes de siete institutos de Espafa. El estudio utilizé cuestionarios para
evaluar la motivacion, las estrategias de aprendizaje, las metas académicas y las expectativas académicas.
Se realizaron analisis factoriales confirmatorios (AFC), descriptivos, de diferencias de medias y de regresion
logistica binaria. RESULTADOS. ElI SMQ-II es valido y fiable para medir la motivacion hacia la Biologia
y Geologia, con alta fiabilidad en sus subescalas. Los estudiantes altamente motivados utilizaron mas
estrategias de aprendizaje eficaces y tuvieron expectativas académicas positivas, mientras que los menos
motivados presentaron expectativas mas negativas y usaron estrategias menos efectivas. El analisis de
regresion indicé que las estrategias de aprendizaje, especialmente la organizacion, y las expectativas
académicas positivas predicen significativamente la motivacion hacia la materia. Ademas, las metas
académicas y la gestion de la frustracion emocional también influyeron en la motivacion. DISCUSION. Se
concluye que, para mejorar la motivacion de los estudiantes hacia la Biologia y Geologia, es crucial fomentar
el uso de estrategias de aprendizaje efectivas, promover expectativas académicas positivas y trabajar en la
gestion emocional frente a los desafios académicos.

Palabras clave: motivacion; técnicas de aprendizaje; Biologia y Geologia; ensefianza secundaria.
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1. Introduction

Motivation can be defined as a set of processes that direct and sustain behaviour towards the achievement
of goals, including educational ones (Schunk et al., 2014). The significance of this construct has prompted
numerous investigations into academic motivation in the context of teaching and learning. In particular,
it has been identified as an essential factor for academic performance (Zhang et al., 2024) and student
engagement (Liem, 2021). Furthermore, motivated students have been shown to employ effective learning
strategies (Pintrich, 2003).

Motivation is a domain-specific construct and, as such, its conceptualization may vary across different
disciplines. For example, Guay and Bureau (2018) highlighted that a high level of motivation towards
mathematics and English predicts both better overall and specific performance in these domains. In the field
of mathematics, motivational factors and learning strategies have been shown to be closely related (Wild
and Neef, 2023). Ardura and Pérez-Britian (2018) identified that, among Spanish secondary school students,
motivation towards a future profession is the primary factor for continuity in physics and chemistry, surpassing
previous academic performance and other variables. In a different context, Avargil et al. (2024) concluded that
in university-level chemistry learning, extrinsic motivation has a greater influence than intrinsic motivation on
the choice of studies.

1.1. Motivation towards STEM subjects

Research on student motivation towards STEM subjects (Science, Technology, Engineering and Mathematics)
has grown considerably in recent years (Bayanova et al., 2023; Murphy et al., 2019). However, Murphy et al.
(2019) have highlighted that there is a paucity of research addressing student motivation as a means of
fostering engagement in these disciplines. It has been shown that motivation not only improves academic
performance and the choice of STEM careers (Myint and Robbnet, 2024) but also enhances interest and
active participation in science (Fiorella et al., 2021).

Teaching biology and geology, as part of the STEM field, requires motivational strategies to ensure
students’ academic success (Kaiser et al., 2020). Motivation in natural sciences depends on factors such
as teacher characteristics, the learning environment, and both internal and external motivators (Sabli¢ et
al., 2021). Furthermore, studies such as that by Schneider et al. (2016) highlighted that students’ interest and
engagement increase when they perceive a direct connection between biological content and their everyday
lives.

1.2. The role of goals, expectations, and learning strategies in motivation

Factors such as goals, expectations, and learning strategies play a substantial role in academic motivation.
Rodriguez and Guzman (2018) highlighted that goals vary throughout secondary education, while Suarez-
Valenzuela and Suarez (2023) identified that these, together with learning strategies, serves as predictors
of academic performance in secondary education. In the field of STEM subjects, achievement goals have
been shown to exert a significant impact on performance and aspirations, although research in this area
has focused mainly on mathematics (Murphy et al., 2019). Positive academic expectations have been
demonstrated to enhance performance in complex subjects such as science (Farnam and Anjomshoaa,
2020). These expectations have been shown to predict self-efficacy in mathematics (Yesuf et al., 2023) and
play a significant role in science learning and the choice of STEM careers (Yeung, 2024). Learning strategies
also play a crucial role in motivation and academic outcomes (Farnam and Anjomshoaa, 2020). In secondary
school, their effective use improves performance, especially in STEM (Moreno et al., 2024). Furthermore,
they act as mediators between attitudes towards science subjects and grades (Okun et al., 2022). Students
with positive attitudes employ more elaborate strategies, obtaining better results. However, as Muteti et al.
(2021) point out, many are unaware of effective study methods, highlighting the need to teach metacognitive
strategies.

1.3. Measuring motivation towards science

Given the impact that academic motivation has on student performance, it is essential to have valid and
reliable instruments to assess this construct in the context of science. A number of questionnaires have
been designed specifically to measure students’ motivation towards science learning. One example is the
“Students’ Motivation Towards Science Learning” (SMTSL), developed by Tuan et al. (2005) and validated with
secondary school students in Taiwan. This instrument assesses various dimensions of motivation and other
fundamental aspects related to commitment and attitude towards science. Another example is the Students’
Adaptive Learning Engagement in Science (SALES), which was designed by Velayutham et al. (2011) to assess
key factors related to motivation and self-regulation in science learning among secondary school students.

One of the most widely used instruments is the Science Motivation Questionnaire Il (SMQ-Il), which was
developed by Glynn et al. (2011). It assesses various motivational dimensions such as intrinsic motivation,
self-determination, self-efficacy, and motivation towards a future profession and qualifications. Versions
of the SMQ-II can be found in the literature that refer to subjects such as biology (e.g., Lang and Sorgo,
2024), chemistry (e.g., Ardura and Pérez-Bitrian, 2018), mathematics (e.g., Fiorella et al., 2021), and physics
(e.g., Kwarikunda et al., 2020). This instrument has been validated for both university and secondary school
students and has been translated into at least seven languages (Komperda et al., 2020).
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2. Objective

Despite the extensive research that has been conducted on the impact of learning strategies in STEM, there is
a paucity of on the effects of academic goals and expectations in this context. This scarcity of studies makes
it difficult to understand how these variables influence learning in subjects such as Biology and Geology,
which tend to be less prioritised than other STEM subjects. Thus, the objective of this study was to analyse
how learning strategies, academic goals, and academic expectations influence the motivation of 3rd-year
secondary school students towards biology and geology. In this regard, the adaptation and validation of the
SMQ-II to measure the motivation of Spanish secondary school students towards Biology and Geology was
also undertaken in this study. To achieve these objectives, the following research questions were formulated.

RQ1. Is the adaptation of the SMQ-II valid and reliable for measuring motivation towards the subject of
Biology and Geology in 3rd year ESO students?

RQ2. Are there significant differences in motivation towards Biology and Geology depending on learning
strategies, academic goals and academic expectations?

RQ3. Can learning strategies, academic goals, and academic expectations predict motivation towards
Biology and Geology in 3rd year ESO students?

3. Method

3.1. Participants

The sample for this study comprised students from seven secondary schools located in different autonomous
communities throughout Spain. Non-probability sampling by accessibility was used. Initially, the sample
consisted of 221 students, but after data cleansing, it was reduced to 177 students in the third year of
compulsory secondary education (ESO). The average age of the sample was 14.49 years (SD=0.62), with a
median age of 14 years. With regard to gender, 48.6% of the sample (n=86) were male, and 51.4% (n=91) were
female.

3.2. Instruments

3.2.1. Dependent variable

The dependent variable was motivation towards biology and geology, measured using the Science Motivation
Questionnaire Il (SMQ-II; Glynn et al., 2011). Following the author’s recommendations (Glynn et al., 2011),
this instrument, originally designed to measure motivation towards science in general, can be adapted to
different areas by simply replacing the word “science” with the desired discipline. In this case, “science” has
been replaced by Biology and Geology.

The original structure of the instrument comprises five dimensions, each consisting of five items, for a
total of 25 items. The subscale on motivation towards a future career related to Biology and Geology measures
how students perceive learning this subject as a means to achieve professional goals, for example, “Learning
Biology and Geology will enable me to get a good job.” Self-determination assesses students’ perception
of autonomy over their learning. This subscale includes items such as “I am confident that | will do well in
Biology and Geology exams.” Self-efficacy refers to students’ belief in their ability to perform well in the
subject, with items such as “l am sure | can understand Biology and Geology.” Intrinsic motivation measures
the personal satisfaction gained from learning Biology and Geology, with items such as “Learning Biology and
Geology gives my life more meaning.” Finally, grade motivation measures interest in obtaining high grades
in the subject. For example, “It is important for me to get an A in Biology and Geology.” In this research, the
complete instrument was used, respecting its original structure. The original 5-point scale was replaced by a
7-point scale (1 = strongly disagree, 7 = strongly agree) to standardise the scores between instruments. This
adjustment has been demonstrated to enhance the sensitivity, precision, and discrimination of the responses
and reduces ceiling and floor effects (Coombes et al., 2021; Preston and Colman, 2000).

3.2.2. Independent variables

To measure learning strategies, the Learning Strategies and Motivation Questionnaire (CEAM-II) by Roces et
al. (1995) was used, which assesses, through two subscales, motivational orientation and the use of learning
strategies. In this research, the learning strategies subscale was selected. The CFA allowed us to define five
dimensions from a total of 18 items.

The organisation strategies scale (3 items) it's a scale designed the use of diagrams or concept maps for
studying, with an example item being “When | study, | underline to better organise my ideas”. The elaboration
strategies scale (4 items) includes the students’ use of techniques such as summarising or paraphrasing,
with items such as: “When | study, | gather information from different sources: classes, readings, practical
work, etc.”. The time management and study environment factor (5 items) is aimed to measure how time and
environment are organised for studying, with items such as: “l usually study in a place where | can concentrate
on my work.” The help-seeking scale (3 items) assesses the student’s willingness to ask for support when in
doubt, for example: “l ask the teacher questions to clarify concepts that | do not understand well.” Finally, the
critical thinking factor (3 items) measures the extent to which students use their prior knowledge to solve
problems. An example item is: “When a theory, interpretation, or conclusion is presented in class or in books,
I try to seeif there are good arguments to support it.” The goodness-of-fit indices in the CFA of this instrument
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were CFl=.99, TLI=.87, RMSEA=.07, with internal consistency, measured using McDonald’s Omega, of .75 for
organisation, .73 for elaboration, .68 for time-management, .50 for seeking help, and .63 for critical thinking.

Secondly, to measure academic goals, the Skaalvik Academic Goals Questionnaire (1997) was used. This
questionnaire consists of four scales with atotal of 16 items distributed evenly. The scalesinclude: task orientation,
which assesses students to what extent students focus on learning and mastering content, exemplified in the
item “It is important for me to learn new things”; ego-enhancement orientation, which measures the students’
ability and receive recognition, as reflected in “Succeeding in these studies means doing tasks better than
other students”; ego self-frustration orientation, which measures the level of concern about the evaluation of
others and avoiding situations that could damage self-image, exemplified in “When | answer questions asked in
class, | worry about what my classmates will think”; and effort avoidance orientation, which refers to a preference
for avoiding demanding work and tasks, as illustrated by “l wish we weren’t given homework.” The CFA validation
of the instrument shows good fit indices (CFI=.93, TLI=.92, RMSEA=.07) and adequate internal consistency,
with McDonald’s Omega values of .72 for task orientation, .75 for ego-enhancement orientation, .71 for effort
avoidance orientation, and .91 for ego-frustration orientation. As with the rest instruments used in this research,
a 7-point Likert scale was chosen (Combes et al., 2021; Preston & Colman, 2000).

Finally, to measure expectations about the students’ academic future, the Academic Expectations Scale
(Sanchez, 2021) was used, which consists of two subscales with a total of 8 items. These subscales are:
positive academic expectations, which assess students’ belief in their ability to perform well in the subject,
exemplified in the item “l am convinced that | will acquire the knowledge and skills that will enable me to
obtain a good grade in the subject”; and negative academic expectations, which measure the perception of
difficulty due to academic challenges, as reflected in “I have the impression that | am going to have a lot of
difficulty in the subject.” The validation of the instrument shows good fit indices in the CFA (CFI=.95, TLI=.93,
RMSEA=.09) and internal consistency, measured by McDonald’s Omega, of .86 for the positive academic
expectations scale and .84 for the negative academic expectations scale.

3.3. Procedure

Prior to data collection, a pilot study was conducted with 10 students to verify the comprehension and
functioning of the instruments. No adjustments to the items were necessary. Data collection involved seven
Biology and Geologyteachers from educational centres located in different autonomous communities
who administered the questionnaires after receiving prior instruction. The process, which included the
presentation of the study and an explanation of the instrument, lasted 30 minutes. Participants took part in
the study on a voluntary basis, and the anonymity and confidentiality of their responses were guaranteed.
Authorisation was requested from the families of the minors to participate in the research, informing them of
the objectives and the procedure to be followed for data collection.

3.4. Data analysis

A confirmatory factor analysis (CFA) was performed using a structural equation model (SEM) to validate the
instruments used in this study. The fit criteria used for the different indices were as follows: 1<x? /df<3; CFI>.95;
TLI>.95; RMSEA<.08; SRMR<.08 (Hu and Bentler, 1999)which includes using the maximum likelihood (ML.
The reliability of the instruments was calculated using the McDonald’s Omega coefficient. Both confirmatory
and reliability analyses were performed using the JASP programme (JASP Team, 2023).

A hierarchical cluster analysis was performed using squared Euclidean distance and Ward’s method to
classify students according to their motivation towards Biology and Geology. The analysis identified two
groups: one with high motivation and one with low motivation. Differences in means between the two groups
were analysed using multivariate analysis of variance (MANOVA), estimating the effect size using the partial
eta squared statistic. This is interpreted according to the criteria established by Lépez-Martin and Ardura
(2023), where a value <.01is considered very small, between .01 and .05 small, between .06 and .13 moderate,
and greater than or equal to .14 large.

Finally, a block binary logistic regression analysis was performed to determine the extent to which learning
strategies, academic goals, and academic expectations predict students’ motivation towards Biology and
Geology. Each block of variables was introduced using the enter method, which allowed the individual impact
of each set on students’ motivation towards the subject of Biology and Geology to be evaluated. Cluster
analysis, mean differences and logistic regression were performed using the SPSS statistical programme
(IBM Corp., 2023).

4. Results

4.1. Validity and reliability of the SMQ-II

The SMQ-II is an instrument that has been constructed on a solid theoretical structure. Based on this
foundation, a confirmatory factor analysis (CFA) was performed to determine whether the structure of the
instrument was adapted to the context of the Biology and Geology subject area. A factorial model was
proposed including the five latent variables of the original instrument. In our analysis, we found a x2/df
value of 2.73. Additionally, the five-factor model presents indices indicating a good fit to the experimental
data: GFI=.99, CFI=.83, RMSEA=.09 and SRMR=.07. The CFA results confirmed the original structure of the
instrument, retaining the five factors and 25 original items of the SMQ-II (see Figure 1).
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Figure 1. Factor model of the SMQ-II adapted to the subject of Biology and Geology
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McDonald’s omega statistic was used to assess the reliability of each subscale of the instrument. According
to the interpretation guidelines for this statistic (McDonald, 1999), the results suggest a high reliability on
all scales evaluated: professional motivation (w=.91), self-determination (w=.87), grade motivation (w=.82),
intrinsic motivation (w=.87), and self-efficacy (w=.86).
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4.2. Differences in learning strategies, expectations and academic goals according to student
motivation towards Biology and Geology.

To answer the second research question, the participants were first classified, using hierarchical cluster
analysis, into two groups of students with high (n=83) and low (n=94) motivation towards biology and geology.
As shown in Table 1, the MANOVA test revealed significant differences between the two groups (V=.63,
F(5.17)=58.76, p<.001). Specifically, highly motivated students scored significantly higher on all dimensions
assessed. The effect sizes were high, especially in motivation towards a scientific profession (17 =.44) and
intrinsic motivation (n5=.42).

Table 1. Analysis of differences in means between students with high and low motivation towards the subject of Biology and Geology

BG motivation

Totals High (n = 83) Low (n = 94) F ?7%;

M SD M DT M DT

Motivation towards a future

sclentific career 4.22 1.75 544 1.21 313 1.40 136.23** 044
Self-determination 544 137 6.27 076 417 1.38 82.31™ 0.32
Grade motivation 5.23 141 6.16 0.66 4.4 1.39 107.96* 0.38
Intrinsic motivation 5.05 1.36 5.99 075 4.23 1.23 128.61* 042
Self-efficacy 4.67 137 553 079 390 132 95.28™ 0.35

** p<.01

As shown in Table 2, there are significant mean differences between students with high and low motivation
towards Biology and Geology in several dimensions related to learning strategies (V=.32, F(5.17)=16.40, p<.001),
academic goals (V=.21, F(4.17)=11.29, p<.001) and academic expectations (V=.26, F2.17)=31.03, p<.001).
Highly motivated students scored higher on learning strategies compared to less motivated students, whose
scores were lower. Regarding academic goals, highly motivated students were more task-oriented (M=6.05),
while those with low motivation showed a greater tendency to avoid effort (M=4.11vs. M=3.53). Furthermore,
more motivated students had significantly higher academic expectations (M=6.14), whereas those with low
motivation had more negative expectations (M=3.25).

Theresultsindicate moderate to large effect sizes for most of the analysed variables. Of particular note were
the orientations towards effort avoidance with an effect size of .40, followed by positive academic expectation
(=.26) and orientation towards ego self-frustration ( =.24). These dimensions suggest a considerable impact
on motivation towards Biology and Geology. Also noteworthy are the elaboration strategy ( =.21) and task
orientation ( =.17), which reflect moderate effects. The remaining variables show lower effect sizes, but are still
indicative of considerable effects.

Table 2. Results of the analysis of the difference in means between the two groups

BG motivation

Totals High (n = 83) Low (n = 94) F nzz,
M SD M DT M DT
Organisational strategies 430 1.79 4,92 1.73 3.77 1.68 19.99* 010
Time management and study environment 442 1.26 4.93 115 3.96 118 30.67* 015
Seeking help 4.76 1.37 5.26 118 4.31 1.37  23.82% 0.12
Processing strategies 450 1.35 517 0.99 3.92 010 46.68* 0.21
Critical thinking 4.03 1.34 4.52 112 3.60 138  23.52* 0.12
Task orientation 5.54 116 6.05 0.73 5.08 1.28 36.96** 017
Ego-boosting orientation 3.81 155 417 1.58 3.49 143 8.91 0.05
Avoidance orientation 3.84 147 3.53 140 4an 147 710 040
Ego self-frustration orientation 4.04 2.05 437 197 3.74 2.09 4.24* 0.24
Positive academic expectations 5.38 1.37 6.14 0.88 4.73 1.39 62.32* 0.26
Negative academic expectations 319 1.51 2.22 1.35 3.25 1.51 2221 (OX]

*p<.01; * p<.05
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4.3. Predicting motivation towards Biology and Geology based on learning strategies, goals and
academic expectations

The third research question aims to predict which variables influence students’ motivation in the subject of
Biology and Geology. To address this question, a block binary logistic regression analysis was used, which
rendered three explanatory models to be proposed (see Table 3).

The first model includes learning strategy variables. In this block of the analysis, the coefficients of the
variables were all significant (p<.05) except for the critical thinking strategy. This first model was statistically
significant (x?=68.29; p<.001) and correctly classifies 75.5% of cases. The result obtained for the Hosmer
and Lemeshow test showed that the data fit the model (p=.19). The inclusion of academic goal variables in
the second model implied a significant improvement in the model (x>=84.119; p<.001). In addition, it correctly
predicted 79.1% of cases, showing an increase in the explanatory power of the model (Nagelkerke's R2=0.50).
The model fit the data satisfactorily (p=.57). Finally, model lll introduces variables related to students’
academic expectations. The inclusion of these variables results in a more robust model (x>=105.066; p<.001).
The overall percentage of correct classification increases 82.5%, with a remarkably high explanatory power
(Nagelkerke's R2=0.60). As in the previous cases, Model lll fits the data (p=.59).

Table 3. Results of binary logistic regression analysis

Modell Modellll Model Il

B E.E. R.P. B E.E. R.P. B E.E. R.P.

Constant 815 127 182 225 16.87 342

Organisational strategies -0.28* 011 076 -028 013 076 -027* 014 0.76

Time managementand study envi- 454 518 058 -068* 020 051 -057* 023 057

ronment

Seeking help -0.38* 015 068 -043* 017 065 -041* 019 0.66
Processing strategies -042* 019 066 -021 023 081 -023 0.26 0.79
Critical thinking -0.16 017 085 -017 018 084 -025 0.20 0.78
Task orientation -040 026 067 -018 028 0.83
Ego-boosting orientation -0.13 014 088 -018 016 0.83
Avoidance orientation 0.72 016 107 056 018 1.06
Ego self-frustration orientation -0.31* on 073 -041* 013 0.66
Positive academic expectations -0.99* 0.32 0.37
Negative academic expectations -040 0.25 0.96

B: regression coefficient; S.E.: standard error; OR: odds ratio.
**p<.01; * p<.05

Table 3 shows that learning strategies play an important role in motivation towards Biology and Geology.
With the exception of critical thinking, the rest of the strategies contribute to levels of motivation towards
the subject studied. Specifically, according to model |, the organisational strategy was the variable that
contributes most. Therefore, students who use organisational strategies more frequently are less likely they
are to show low motivation towards Biology and Geology (odds ratio 0.76). Along the same lines are time
management and study environment (B=-0.54; p<.05; odds ratio 0.58) and seeking help (B=-0.38; p<.05;
odds ratio 0.68). In this first model, the elaboration strategy was also significant, being a learning strategy that
contributes to motivation in Biology and Geology (B=-0.42; p<.05, odds ratio 0.66). However, when academic
goal variables were incorporated into model I, the elaboration strategy ceased to contribute, and ego self-
frustration orientation became significant (B=-0.31; p<.05). Thus, a one-unit increase in the value of this variable
decreases the probability of low motivation by 27% (odds ratio 0.73). Finally, in model lll, the incorporation of
positive academic expectations was decisive. Thus, when students are confident in their ability to perform
well, the probability of having low motivation towards the subject of Biology and Geology decreases (B=-0.99;
p<.05). Consequently, a one-unit increase in the value of this variable decreases the probability of belonging
to the group of students who have low motivation towards the subject (odds ratio 0.37).

5. Discussion

The study aimed to analyse how learning strategies, academic goals and academic expectations influence
the motivation of 3rd year ESO students towards Biology and Geology. To this end, the SMQ-Il was adapted
and validated to measure the motivation of Spanish secondary school students in this subject.

The first research question focused on evaluating the validity and reliability of the SMQ-II as an instrument
for measuring motivation towards Biology and Geology among Spanish students in the third year of compulsory
secondary education. The results confirmed the original five-factor structure in the context of Biology and
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Geology. These results aligned with previous studies that have validated this instrument in other cultural
contexts and scientific disciplines (Ardura and Pérez-Bitrian, 2018; Guay and Bereau, 2018; Lang and Sorgo,
2024). Nevertheless, it should be noted that many studies have failed to provide sufficient evidence of validity
to support the proposed internal structure of the instrument (Komperda et al., 2020). However, in the present
study, the high reliability of the subscales confirmed the robustness of the instrument. This finding highlights
the effectiveness of the SMQ-Il in adapting to different educational contexts and scientific areas. Given that
motivation can vary depending on the subject, having specific tools to measure it in each subject is essential to
better understand the motivational factors of students.

The second research question sought to analyse differences in learning strategies, goals, and academic
expectations according to the level of motivation among Biology and Geology students. The results showed
that highly motivated students use effective learning strategies more frequently, while less motivated students
usethemto alesser extent. This finding, in line with previous studies in other contexts (Farnam and Anjomshoaa,
2020; Pintrich, 2003), highlights the importance of teaching effective learning strategies, as many students
resort to ineffective methods because they are unaware of more appropriate alternatives (Cembrani et al.,
2023). Even when they are aware of effective strategies, some students do not apply them (Rea et al., 2022).
In terms of academic goals, students who are motivated towards Biology and Geology focus on learning and
mastering the content, while less motivated students tend to avoid demanding tasks. An important finding is
that more motivated students tend to be more concerned about external evaluation and to avoid situations that
could damage their self-image, suggesting that high self-expectations can lead to frustration. This highlights
the need for teachers to implement strategies to manage frustration and help students maintain a positive
attitude in the face of challenges (Huang and Zhu, 2023).

The results also suggest that students who are highly motivated towards Biology and Geology have higher
learning expectations. In contrast, students with low motivation tend to have negative expectations. These
results are consistent with previous studies that highlight how positive academic expectations improve
performance in complex subjects, such as science, and are key in choosing STEM careers (Farnam and
Anjomshoaa, 2020; Yeung, 2024). Therefore, it is essential to work not only on students’ academic skills, but
also on their perceptions of their ability to succeed.

The final research question explored how learning strategies, goals, and academic expectations predict
student motivation towards Biology and Geology. Although Wild and Neef (2023) point out the importance
of learning strategies in predicting student motivation towards mathematics, this study shows that variables
such as academic goals and expectations must also be considered in the case of biology and geology.
Specifically, the results emphasise that strategies such as organisation, seeking help and time management
have a significant influence on predicting motivation towards Biology and Geology. Furthermore, the results
indicate that students’ frustration with themselves can drive them to try harder and maintain their motivation,
despite difficulties. Tsai (2020) also mention the benefits of frustration during learning. However, these authors
also point out that persistent frustration without adequate support can lead to decreased commitment and
learning.

A notable finding is that ego self-frustration orientation is shown to be a more significant predictor of
motivation than elaboration strategy. This suggests that emotional management, particularly the ability to
cope with personal frustration, may be a more decisive factor in academic motivation than some cognitive
learning strategies. In this vein, as Wang (2012) points out, tolerating frustration has an impact on students’
learning ability. This highlights the importance of incorporating interventions into teaching that help students
manage their emotions and frustrations in the face of academic challenges. Finally, positive academic
expectations also emerge as an important factor in predicting motivation. Therefore, students’ perceptions
of their ability to succeed in the subject influence their level of motivation. This relationship is consistent with
previous studies, which highlight how these expectations also predict self-efficacy in specific areas, such
as mathematics, where a positive perception of academic competence can foster motivation (Yesuf et al.,
2023).

Onefinding of this study indicates that critical thinking does not significantly impact on students’ motivation
towards Biology and Geology. This suggests that students do not perceive this strategy as relevant to their
motivation in this subject, showing a preference for more practical approaches, such as study organisation,
time management, or seeking help when faced with difficulties. This result contrasts with those reported
by Valenzuela et al. (2023), who state that greater motivation implies greater application of critical thinking.
However, these same authors (Valenzuela et al., 2023) point out that if a student is not interested in or does
not see the usefulness of applying critical thinking in a given situation, they are unlikely to use it, even if they
have the necessary ability to do so. Therefore, the lack of critical thinking in Biology and Geology could be
related to the instrumentalization of learning, whereby students tend to prioritise the skills necessary to pass
the subject and meet immediate objectives. These findings raise questions about whether the methodology
and assessment in Biology and Geology encourage critical thinking, and if not, whether students perceive it
as a key element for successful performance in these subjects. Although this skill is essential for learning, its
impact could be limited if it is not explicitly incorporated into pedagogical approaches, as students tend to
focus on what they consider relevant to achieving their academic goals (Palma et al., 2021).

One of the limitations of the study is the use of self-report instruments, which, although common in
educational research (Pekrun, 2020), may be subject to social desirability biases or personal interpretations
of the items by students. Another limitation is the sample size. While this is a moderate sample size for the
proposed design, it should be noted that the study’s results are an initial approximation of the topic under
consideration.
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Another limitation that must be taken into account derives from the RMSEA fit index value obtained in the
Academic Expectations Scale and the SMQII (.09). Although recommendations usually place the acceptable
threshold at values below .08, in these cases it is slightly exceeded. However, according to Byrne’s (2010)
recommendations, a model’s fit should be evaluated based on the joint consideration of several indices rather
than a single index. In this study, joint evaluation of the fit indices suggests that the model fits reasonably well.

Regarding the reliability of some of the subscales, McDonald’s omega values between .60 and .70 were
obtained, which are considered acceptable (Hayes and Coutts, 2020). Although the CEAM Il help-seeking
subscale obtained a more accurate omega value, this result can be interpreted bearing in mind the small
number of items in this subscale, which tends to decrease internal consistency estimates. Nevertheless, this
value should be interpreted with some caution.

Finally, it would be interesting for future studies to incorporate other variables that could be relevant
to the study. For instance, it would be interesting to consider the characteristics of the family environment,
the classroom climate, or factors related to the characteristics and expectations of teachers, as these can
influence students’ motivation and academic performance. Another interesting area for comparison would be
the academic motivation of students in different STEM areas to identify possible differences and similarities in
the factors that influence their motivation and performance. Such comparison could help to determine whether
motivation varies according to discipline and which strategies might be most effective in each context.
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