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Abstract

The students’ attitudes towards school subjects may influence their behaviour and various educational
outcomes. The research aimed to test students’ attitudes towards the subjects of Biology, Chemistry, and
Physics, and to examine the associations between those attitudes and students’ learning strategies and
grades achieved. The study included 245 eighth-grade students from five schools in Koprivnica-Krizevci
County in the Republic of Croatia. Attitude scale towards science subjects and Learning strategies scale
were employed. The results of the analysis of variance showed a significantly higher assessment of
interest for Biology and Physics than for Chemistry, while the assessment of importance for Biology was
significantly higher than for Chemistry and Physics. Attitudes toward Biology, Chemistry, and Physics
were positively correlated with the grades achieved in those subjects. Results of the mediation analysis
indicated that the learning strategies were mediators between the attitude towards the science subject and
the grades achieved in those subjects. Students with a more positive attitude towards a subject employ a
deeper approach to learning, which ultimately results in a higher grade.

Keywords: lower secondary education; mediation analysis; school achievement, scientific subjects;
student attitudes

Introduction

The importance and benefits of scientific learning, both in general and in the education
system, have increased in step with the increasingly rapid development of science and
technology. Since the natural sciences' are considered the foundation of virtually everything we
use today and are surrounded by (International Council for Science - ICS, 2006), contemporary
and future societies require a higher level of general competencies in these scientific fields.
However, lifelong engagement in the natural sciences demands more than just knowledge and
skills, and this largely depends on the attitudes students have towards them (Bra$ Roth et al.,
2017). Since these attitudes are formed early (already between the ages of 10 and 14 years), it
is important to encourage and maintain positive attitudes, as after that period, they are difficult
to change (Osborne & Dillon, 2008; Savelsbergh et al., 2016). For that reason, natural science
classes in primary and lower secondary school have a powerful and long-term effect on students.

1 In Croatia, the natural sciences in the compulsory education system include the subjects Nature and
Society, Nature, Biology, Chemistry, Physics and Mathematics. The subjects of this study are students in 8th
grade classes and the subjects of Biology, Chemistry and Physics.
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Students’ Attitudes Towards Science Subjects

Research has confirmed that the negative attitude of students towards natural science
subjects has not changed in decades (Adejimi et al., 2022; Durrani, 1998; Lyons, 2006; Mazana
etal., 2019; Potvin & Hasni, 2014; Sjeberg & Schreiner, 2005). This is also the case in Croatia,
as most students still show negative attitudes towards the science. Students assess these classes
as too difficult, inefficient, boring, overly abstract, with too many concepts to learn and notes to
take, and too little experience-based learning (Joki¢, 2013; Marusi¢, 2006; Ward et al., 2005).
A positive experience at the start of scientific education will lead to students achieving greater
success, having a more positive attitude toward the sciences, and greater future interest in science
overall (Akpiar et al., 2009). A positive attitude can also be encouraged by higher grades in
these subjects, and support from teachers, parents, and colleagues (Ekici, 2010; Osborne et al.,
2003; Samikwo, 2013).

Most students in lower secondary and secondary schools around the world show positive
attitudes toward Biology (Hussaini et al., 2015; Martin et al., 2008; OECD, 2007), perceiving
this subject to be interesting, important, relevant, and easier to understand (Prokop et al., 2007;
Spall et al., 2003). Recent research in Croatia (Joki¢, 2013; Marusi¢, 2006; Simi¢i¢ & Pesut,
2021) showed that students assessed Biology, unlike most other school subjects, to be very
interesting, challenging, most understandable, and moderately hard, and for the most part, as
useful and important for their future lives.

For Chemistry, students’ attitudes are predominantly exceptionally negative. In the
literature, the most common reasons for this are listed as the teaching methods, the content-
heavy curriculum, presentation of isolated facts, and lack of relevancy. Students see Chemistry
as a subject that is too difficult, too broad, too abstract, boring, and unimportant (Edomwonyi-
Otu & Avaa, 2011; Osborne & Collins, 2001). Research in Croatia (Jokié, 2013; Marusi¢, 2006;
Simi¢i¢ & Pesut, 2021) revealed similar issues, and this is the reason that Chemistry is the least
liked subject. Croatian students also assessed it to be uninteresting, hard to understand, abstract,
difficult, useless, and unimportant for their future life. They believe that they must invest great
efforts in learning Chemistry and that too much course content is taught.

For Physics, the situation is even more unfavourable, and many countries are investing
great efforts to change the negative attitudes toward Physics (Drury & Allen, 2002; Institute
of Physics, 2001). Students found Physics to be conceptually too difficult, requiring a great
deal of work, to be unpleasant, scary, difficult to understand, unattractive, requires applied
mathematical knowledge and a specific vocabulary, with overly broad curricula and programs,
and the content is explained too quickly (Caliskan et al., 2007; Spall et al., 2004; Stefan &
Ciomos, 2010). Research in Croatia (Joki¢, 2013; Marusi¢, 2006; Marusi¢ & Slisko, 2009;
Simi¢i¢ & Pesut, 2021) found that Physics was one of the subjects that Croatian pupils were
least interested in, and the reasons were the same as in other countries. However, Croatian
students found it to be somewhat easier and more useful for the future than Chemistry (Joki¢,
2013).

The attitude towards a subject is a significant predictor of academic success, meaning that
a positive attitude activates the thoughts, feelings, and behaviour of the individual, motivating
them to participate in learning processes, thereby improving their accomplishments (Albert et
al., 2015; Wabuke, 2013).

There is also a possible inverse association, i.e., that accomplishments in a subject can
lead to a more positive attitude towards that subject (Akpinar et al., 2009; Beaton et al., 1996).
Owiti (2001) and Suzuki (2007) stated that this is a reciprocal influence, in which attitude
affects accomplishments, and accomplishments affect attitude. Though the cause-effect
relationship between attitudes towards a subject and success in that subject has not yet been
fully researched, the results of previous studies have suggested that having a positive attitude
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towards a subject could help to improve one’s success in that subject. The question arises as
to which mechanisms mediate the association between one’s attitude towards the subject and
success in that subject. This paper poses the hypothesis that learning strategies could be a
possible underlying mechanism in that relationship.

Learning Strategies

Learning strategies are specific skills that students use to facilitate the acquisition,
storing, or recollection of information (Oxford, 1990). Effective learning strategies facilitate the
coding of information to increase its integration and accessibility (Weinstein, 1988). Learning
strategies have been defined by different authors in different ways, though the deep and surface
approaches to learning are most often referred to.

Students applying a deep learning approach are intrinsically motivated, seeking sense in
the material they are learning, connecting new information with their existing knowledge and
experience, and applying it. The purpose of learning is to satisfy their curiosity, out of enjoyment
and personal interest (Aziz et al., 2012; Pintrich, 1999). Therefore, a deep learning approach
is considered to be the most successful approach, as it leads to a conceptual understanding and
retention of content. The results of students who learn in this way are better and longer-lasting
(Marusi¢, 2013; Zhang, 2000).

Students applying a surface learning approach are extrinsically motivated, trying to
avoid failure, not seeking any sense in what they are learning, and only superficially tackling
the course content, reproducing, and remembering facts without making any connections
(Gadelrab, 2011). They are motivated only to meet the requirements set by teachers and parents
while investing the minimum effort (Duff et al., 2004). The surface approach results in a low
quality of all learning outcomes (Coutinho & Neuman, 2008), which is particularly pronounced
in learning scientific concepts (BouJaoude, 1992).

Most studies have shown a positive general association between academic success and
the deep learning approach, and a negative association with the surface approach (Diseth &
Kobbeltvedt, 2010; Hacieminoglu, 2016; Vrki¢ & Vlahovié-Steti¢, 2013). In scientific subjects,
a significant correlation has been found between self-regulated learning (which includes the
deep processing of information) with learning quality and better students achievements in
Biology (Ebele & Olofu, 2017; Partin & Haney, 2012; Sadi & Uyar, 2013; Uitto & Kérni,
2014), Chemistry (Eidelman & Shwartz, 2016; Olakanmi & Gumbo, 2017; Sandi-Urena et al.,
2012) and Physics (Cavallo et al., 2004; Hacieminoglu et al., 2009; Vrdoljak & Vlahovi¢-Stetié,
2018). Students who generally have a more positive attitude towards scientific subjects tend to
prefer a deep learning approach, which in turn results in better academic success.

Although the positive association between students’ attitudes towards scientific subjects
and success in these subjects is well-established, the mechanisms underlying this association
are not fully researched. Based on the aforementioned theoretical and empirical research, this
study aimed to research whether learning strategies are the significant mechanism through
which students’ attitudes lead to better academic success in scientific subjects. In other words,
do students who generally have a more positive attitude towards scientific subjects tend to
prefer a deep learning approach, which in turn results in better academic success. The answer
to this question contributes to understanding of the importance of students’ attitudes toward
scientific subjects and their consequences on the process and outcomes of learning.
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Research Aim

This study aimed to test the differences in attitudes towards Biology, Chemistry and
Physics among eighth-grade students and to examine the association between students’ attitudes
towards a subject and their grades in that subject. The mediation role of learning strategies in
the association of attitude towards subject and grade in that subject was also examined.

The following hypotheses were tested:

H1: The attitude toward Biology is statistically significantly more positive than the
attitudes toward Physics and Chemistry.

H2: The attitude towards the subject is positively correlated with the grade achieved in
that subject.

H3.1: The attitude towards the subject is positively correlated with the deep learning
approach to that subject.

H3.2: The attitude towards the subject is negatively correlated with the surface
learning approach to that subject.

H4.1: The deep learning approach to the subject is positively correlated with the
grade achieved in the subject.

H4.2: The surface learning approach to the subject is negatively correlated with the
grade received in the subject.

H5: The deep and surface learning approach to the subject are mediators between the
attitude towards the subject and the grade achieved in that subject.

Research Methodology
General Background

This is an exploratory, quantitative, correlational-type study aimed to research students’
attitudes toward natural science subjects and their association with learning strategies and
grades. Attitudes toward Biology, Physics, and Chemistry were predictors, learning strategies
(deep and surface learning) mediators, and grades obtained in these subject criteria variables. In
this context, the study researched the effect of positive attitudes on promoting a deep learning
approach, and consequently better grades in school. All variables were measured with self-
report questionnaires. Data were collected in the middle of the second term in academic year
2017/18 during two weeks’ period.

Sample Selection

A total of 245 eighth-grade students (139 females and 106 males) participated in the
study. In Croatian educational system eighth grade is the last grade before enrolling in upper-
secondary school. Students start with Biology in sixth grade and with Chemistry and Physics in
seventh grade. In eighth grade they have formed attitudes toward natural science subjects and
can report their grades in these subjects obtained at the end of previous year.

Five schools from urban areas of Koprivnica-Krizevei County were included in the
study. One county and urban areas were chosen in order to minimize differences in teaching
quality and equipment of the schools needed for teaching natural science subjects. Schools and
two intact classes from each school were randomly chosen. The total population of eighth-grade
students in this county is around 1200, so the sample size is big enough to represent students
from urban areas.
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Instruments and Procedures

The Scale of student attitudes towards subjects in the natural sciences (Biology, Chemistry,
and Physics) by Jugovi¢ (2010) was modified for the purpose of this study. The original scale
consisted of 11 items for each subject. Students were asked to assess the interestingness,
importance, and usefulness of each subject using a 5-point scale (from 1 — I completely disagree
to 5 —I completely agree). An exploratory factor analysis using the principal components method
with varimax rotation was conducted for each scale of each subject. All three factor analyses
resulted in a two-factor structure, in which two items were excluded from further analysis due
to their loading on both factors. The final scale resulted in two factors. The first consisted of five
items about how interesting the subject is (e.g., I find Biology very interesting), and the second
consisted of four items about the importance of the subject (i.e., It is very important to me to
get a good grade in Biology). Cronbach a coefficients were .87 and .84 for interestingness and
importance of Biology, .92 and .87 for interestingness and importance of Physics and .91 and
.88 for interestingness and importance of Chemistry.

The Learning strategies scale is a subscale of the questionnaire Components of self-
regulated learning (Niemivirta, 1999) translated and adapted by Rijavec et al., (1999). It has
been widely used in Croatia with students attending lower secondary school (i.e., Rijavec &
Brdar, 2002; Simi¢ Sasi¢ & Sori¢, 2011). The questionnaire consists of 10 items for each subject,
in which the students express their agreement with each item using a 5-point scale (from 1 — I
completely disagree to 5 — I completely agree). Five items are related to deep learning (e.g.,
When [ study Biology, I often go back to sections that I didn t understand or that were unclear),
and five to surface learning (e.g., When [ study Chemistry, I try to concentrate only on what
the professor might ask). Cronbach a coefficients were .79 (deep learning) and .68 (surface
learning) for Biology, .86 (deep learning) and .78 (surface learning) for Physics and .86 (deep
learning) and .78 (surface learning) for Chemistry.

Students received oral instructions and explanations of how to fill out the questionnaire.
It was stressed that all questionnaires were anonymous, that there were no right or wrong
answers, and that they could withdraw at any time during the study. Students had 30 minutes to
fill out the questionnaires.

Data Analysis

Before analysis, the data were screened with respect to missing data, outliers, and
violations of assumptions for the planned analysis. Values of skewness and kurtosis were in an
acceptable range. Differences in the level of interestingness and importance of subjects were
tested using repeated measures ANOVAs with different subjects as a within-subject factor. A
linear regression analysis was used to assess the interestingness and importance of subject, as
the predictor variable, and the grade achieved in this subject. Mediation analysis was performed
using PROCESS macro for SPSS (Hayes, 2018).

Results of Research
Descriptive Results
The descriptive statistics and correlations of all variables are shown in Table 1.
The arithmetic means ofthe variables showed that the assessment of subject interestingness
was around the average, while the assessment of subject importance was somewhat higher. The

assessments of deep and surface approaches to learning were somewhat above average, but
still somewhat lower for the surface approach. Grades were above average in all three subjects.
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Table 1.
Descriptive Results and Correlations Among the Study Variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B—i . 40 19 60 31 18 51 29 27 A7 10 06 .36

C-i .65 22 29 45 22 04 19 01 46

P-i .60 13 08 42 03 -05 .6 A4
B—I - 61 41 56 44 40 25 21 .13 33

C-1 .46 49 61 40 25 35 10 48

P-I .24 28 50 43 09 .30 28
B—DA ~ 61 61 59 37 35 26

C-DA - 5% 35 85 29 34
P-DA .36 35 65 22
B-SA - 56 49 -09

C-SA .49 09
P_SA - 03
B—g 36 33 26 -09

C—g 46 48 34 09

P_g A4 28 21 -03

M 337 305 335 405 379 381 368 370 377 349 352 357 383 370 3.83
SD 099 122 103 093 119 111 092 104 102 094 100 099 104 110 1.07
Range 15 15 15 15 15 15 15 15 15 15 15 15 25 2.5 25
jm’acr‘ 87 92 91 48 8 87 78 8 86 68 78 78 na na na

B — Biology; C — Chemistry; P - Physics

M — mean; SD — SD - standard deviation; n.a. — not applicable

i — interestingness; | — importance; DA — deep approach, SA — surface approach, g — grade
italics — p < 05; bold - p <0.01

The correlations among the variables were in the expected direction. All correlations
(except one) between the interestingness and importance of the subject and the deep learning
approach were positive, as were the correlations with subject grades. However, the correlations
between surface approach were not significant for subject interestingness, while contrary to
expectations, they were positive for the assessment of subject importance. Also, the correlation
between the deep learning approach was positive with grades, while the correlation between the
surface approach and grades was not significant.

Differences in Attitudes Towards Biology, Chemistry, and Physics

To test the differences in the level of interestingness and importance of subjects, we used
repeated measures ANOVAs with different subjects as a within-subject factor with three levels
(Biology, Chemistry, Physics). For pairwise comparisons Bonferroni test was used.

For the interestingness of a subject, a significant effect (F=8.122; p <.001) of the subject
was found. As seen in Table 1, students assessed the interestingness of all three subjects to be
somewhat above average. They equally and positively assessed Biology (M = 3.37; SD = 0.99)
and Physics (M = 3.35; SD = 1.03) and there was no statistically significant difference (p > .05)
between the assessments of these subjects, while the least positive attitude was found towards
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Chemistry (M = 3.05; SD = 1.22), and this was significantly lower than the attitude towards
Biology (p <.001) and towards Physics (p < 0.05).

In assessing the importance of subjects, there was also a significant effect of the subject
(F=9.227; p <.001). Students placed the highest importance on Biology (M =4.05; SD =0.93)
and this was significantly higher than for Physics (M =3.81; SD=1.11; p <.001) and Chemistry
(M =3.89; SD = 1.03, p <.001), while there was no significant difference between the latter
two (p > .05).

Generally speaking, it can be concluded that students found Biology and Physics more
interesting than Chemistry, and Biology to be more important than the other two subjects. These
results partly confirmed the first hypothesis.

Correlations Between Attitudes Towards Subjects and Grades in Those Subjects

A linear regression analysis was used to assess the interestingness and importance of
Biology, as the predictor variable, and the grade achieved in Biology, as the criteria variable,
and showed that both components of attitude were significant predictors of the grade. The beta
coefficient for interestingness was 0.253 (¢ =3.417; p <.001), and for importance was 0.174 (¢
=2.344; p <.05). Both components together explained 15% of the variance of grades.

For Chemistry, the assessments of interestingness and importance were also significant
predictors of the grade. The beta coefficient for interestingness was 0.269 (t = 3.622; p <.001)
and for importance was 0.293 (¢ = 3.955; p < .001). Both components explained 26% of the
variance of grades.

For Physics, only the assessment of importance proved to be a significant predictor of
grades. The beta coefficient for importance was 0.306 (¢ = 3.936; p <.001). The assessment of
the interestingness of Physics was not a significant predictor of grades. The beta coefficient was
-0.046 (¢ = 0.595; p > .05). Both components explained 8% of the variance of grades.

These results confirmed the second hypothesis about the positive correlation between
an attitude towards a subject and the grade achieved in that subject. The assessment of
interestingness (except for Physics) and the importance of a subject were positive predictors
of grades for all three subjects. These components of attitude best explained the grades in
Chemistry and least in Physics.

Correlations Between Attitudes Towards Subjects and Learning Strategies for Those Subjects

Linear regression analysis was performed with the assessments of the interestingness
and importance of Biology as a predictor variable, and a deep learning approach as the criteria
variable. The analysis showed that both components of attitude were significant predictors of
deep learning. The beta coefficient for interestingness was 0.283 (¢ = 4.383; p < .001), and
for importance 0.380 (£ = 5.895; p < .001). Both components explained 35% of the variance
of the deep learning approach. With regard to the surface learning approach, interestingness
was not a significant predictor for Biology, while importance was a positive and significant
predictor for Physics. The beta coefficient for interestingness was -0.035 (¢ = 0.454; p > .05),
and for importance 0.314 (¢ = 4.052; p <.001). Both components of attitude explained 6% of
the variance of the surface learning approach.

For Chemistry, the importance of the subject was a significant positive predictor for the
deep learning approach, while the interestingness of the subject was not a significant predictor.
The beta coefficient for interestingness was 0.090 (¢ = 1.338; p > .05), and for importance
was 0.550 (z = 8.290; p < .001). Both components explained 38% of the variance for the deep
learning approach. For the surface learning approach, the interestingness of Chemistry was not
a significant predictor, while its importance was. The beta coefficient for interestingness was
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0.034 (+=10.437; p> .05), while importance was 0.231 (t=2.979; p <.01). Both components of
attitude explained 9% of the variance of the surface approach to learning.

For Physics, both components of attitude were significant predictors of the deep
learning approach. The beta coefficient for interestingness was 0.173 (¢ = 2.512; p < 0.05),
and for importance was 0.404 (¢ = 5.877; p < .001). For the surface learning approach, the
interestingness of Chemistry was not a significant predictor, while importance was a positive
and significant predictor. The beta coefficient for interestingness was -0.035 (+=0.454; p > .05),
while for importance it was 0.314 (¢ =4.052; p <.001). Both components explained 9% of the
variance of grades.

These results only partly confirmed the third hypothesis, in which attitude is positively
correlated with the deep learning approach and negatively with the surface learning approach.
The interestingness of a subject proved to be a significant predictor of the deep learning approach
in Biology and Physics, while contrary to expectations, the importance of a subject also proved
to be a significant and positive predictor for surface learning for all three subjects.

Correlation Between Learning Strategy of a Subject and the Grade Achieved in That Subject

The linear regression analysis of the assessment of deep and surface learning approaches
to Biology as a predictor variable, and the grade achieved in Biology as the criteria variable,
showed that both learning strategies were significant predictors of the grade. Deep learning
was a positive predictor of the grade, while surface learning was a negative predictor of the
grade. The beta coefficient for deep learning was 0.475 (¢ = 6.504; p <.001), and for superficial
learning was -0.373 (¢ = 5.108; p < .001). Both components together explained 16% of the
variance of the grade.

For Chemistry, both the deep and surface learning approaches were significant predictors
of the grade. As with Biology, deep learning was a positive and surface learning was a negative
predictor of the grade. The beta coefficient for deep learning was 0.483 (¢ = 6.160; p < .001),
and for surface learning was -0.217 (¢ = 2.761; p < .01). Both components together explained
14% of the variance of the grade.

The results for Physics showed the same pattern, with deep learning as a positive and
surface learning as a negative predictor of the grade. The beta coefficient for deep learning
was 0.416 (¢ =5.155; p <.001), and for surface learning was -0.306 (¢ = 3.792; p <.001). Both
components together explained 10% of the variance of grades.

This fully confirmed the hypothesis of a positive correlation between the deep learning
approach to a subject and the grade achieved in that subject, and a negative correlation between
the surface approach to learning and the grade achieved in that subject for all three subjects.

Mediation Analysis

Table 2 shows the results of the mediation analysis for Biology with attitudes as
independent variables, grades as dependent variables and learning strategies as mediators.
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Table 2
Mediation Role of Learning Strategies in the Relationship Between Attitudes Towards
Biology and the Grade Achieved in Biology

Independent variable Interestingness of Biology Importance of Biology
Dependent variable Grade Grade
B SE B SE

Total effect (c) 0.363** 0.063 0.354** 0.071
Direct effect (') 0.261** 0.071 0.248* 0.081
Indirect effect (ab) 0.102* 0.042 0.201* 0.057
Deep learning approach 0.157* 0.048 0.296* 0.079
Surface learning approach -0.055* 0.028 -0.095* 0.032

In Table 3. the mediation analysis for Chemistry is presented with attitudes as independent
variables, grades as dependent variables and learning strategies as mediators.

Table 3
Medlation Role of Learning Strategies in the Relationship Between Attitudes Towards
Chemistry and the Grade Achieved in Chemistry

Independent variable Interestingness of Chemistry Importance of Chemistry
Dependent variable Grade Grade
B SE B SE

Total effect (c) 0.412** 0.051 0.472% 0.057
Direct effect (') 0.331** 0.074 0.410%* 0.071
Indirect effect (ab) 0.078* 0.029 0.062 0.046
Deep learning approach 0.108* 0.039 0.121* 0.058
Surface learning approach -0.029* 0.018 -0.058* 0.029

The mediation analysis for Physics is presented in Table 3.

Table 4
Mediation Role of Learning Strategies in the Relationship Between Attitudes Towards
Physics and the Grade Achieved in Physics

Independent variable Interestingness of Physics Importance of Physics
Dependent variable Grade Grade
B SE § SE

Total effect (c) 0.149** 0.056 0.280*** 0.062
Direct effect () 0.047 0.061 0.221* 0.071
Indirect effect (ab) 0.102* 0.031 0.059* 0.041
Deep learning approach 0.147* 0.040 0.148* 0.052
Surface learning approach -0.045* 0.024 -0.088* 0.037

The tables above show that the results for all three subjects indicate the same pattern.
For each subject, there is a significant total indirect effect of learning strategy as a mediation
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variable in the relationship between the assessment of interestingness and importance of a
subject and the grade achieved in that subject. The total indirect effect was insignificant only
for the assessment of the importance of Chemistry, though the individual mediators were
significant. Generally, it can be concluded that there is a significant relationship between the
assessment of interestingness and importance of a subject and the grade achieved in that subject
and that this association is partly mediated by learning strategies. Students who found the
subject more interesting and important were more inclined to use the deep learning approach,
and less often the surface learning approach, which resulted in higher grades. In both cases, this
was a partial mediation, indicating that there is a direct association between the interestingness
and importance of a subject and the grade, or that there are other mediators that were not
examined in this study.

These results confirm the fifth hypothesis on the mediation role of learning strategies in
the association between the attitude towards a subject and the grade achieved in that subject.

Discussion

This study examined the differences in students’ attitudes towards Biology, Chemistry,
and Physics, and the relationship between the attitudes towards those subjects, learning
strategies, and the grades achieved. It was assumed that students would have a more positive
attitude toward Biology than towards Chemistry or Physics. It was also expected that students’
attitudes towards particular subjects would be associated with their learning strategy (deep or
surface approach), which would then lead to different educational outcomes. Specifically, it
was presumed that students with more positive attitudes towards a given subject would be more
inclined to apply the deep learning approach and less the surface learning approach, resulting
in a higher grade in that subject.

Differences in Attitudes Towards Biology, Chemistry, and Physics

The results partially confirmed the first hypothesis (H1), that the attitudes toward
Biology would be statistically significantly more positive than the attitudes toward Physics
and Chemistry. Specifically, Biology was assessed as being significantly more important than
Physics and Chemistry. Also, Biology and Physics were rated as equally interesting, significantly
more than Chemistry.

Positive attitudes toward Biology correspond to the previous research in Croatia (Jokic,
2013; Marusi¢, 2006), and in the world (Hussaini et al., 2015; Martin et al., 2000, 2008; OECD,
2007) which also found that students positively assessed Biology. Several studies have shown
that students find Biology more relevant to their daily life, and due to topics, such as the human
body and overall health, they view Biology as capable of increasing the quality of life (Christidou,
2006; Dawson, 2000; Lamanauskas et al., 2004). Contrary to the expectations, students rated
Biology and Physics as equally interesting. This result is surprising since research in Croatia
over the past 15 years has found that Physics is one of the least liked subjects (Joki¢, 2013;
Marusi¢, 2006; Simi¢ié¢ & Pesut, 2021), while in the world, students most often assess it to be
difficult, hard to understand, and overly abstract (Institute of Physics, 2001; Spall et al., 2004;
Stefan & Ciomos, 2010). Therefore, in interpreting such results, one must certainly consider
the personality, professional capabilities, and enthusiasm of Physics teachers, which can largely
improve students’ attitudes towards Physics (Barmby et al., 2008; Reid & Skryabina, 2003).
It is important how well the classroom is equipped, and whether Physics class includes doing
experiments, and students are guided using examples associated with daily life and taught the
benefits that a career in Physics can bring (Brewe et al., 2009; Dilek Eren et al., 2015; Perkins et
al., 2005; Reid & Skryabina, 2003). It is possible that this sample included schools with better
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equipment for Physics teaching than the average, or with better-educated teachers, resulting in
Physics being just as interesting to students as Biology. This, however, is an assumption that
should be further examined.

In terms of importance, students consider that both Chemistry and Physics are less
important for life than Biology. This is in line with previous studies (Angell et al., 2004; Hobson,
2003; Sert C1bik & Yalcin, 2011) showing that students are less able to perceive the importance
of Chemistry and Physics in daily life unless the teacher explicitly outlines this, and uses
methods based on activities, simulation methods, and performs experiments that are necessary
to understand the abstract teaching content in this subject. The reasons for not perceiving the
importance of Chemistry and Physics are also due to a large number of facts, the difficulty for
students to connect different concepts and processes that are presented to them and that they
should be able to practically apply (Cosié, 2015; Joki¢, 2013; Osborne & Collins, 2001), as
well as a lack of integrated animation that aids in the teaching of such concepts in Physic (Su
& Yeh, 2014). Therefore, certain authors have recommended that the teaching of Chemistry
and Physics should start with simpler concepts, with checks to determine whether students
have truly mastered them, before moving on to more complex relationships and processes.
ICT technology can play an important role in this process (Su & Yeh, 2014; Tuan Soh et al.,
2010). Learning should start with the concrete and move towards the abstract, to avoid forming
negative attitudes of students at their very first contact with these subjects, which in Croatia
starts in the seventh grade.

Association Between Attitudes, Learning Strategies, and Subject Grades

According to the second hypothesis (H2), it was expected that the attitudes toward
Biology, Chemistry, and Physics would be positively associated with the school grades in those
subjects, which was generally confirmed. For both Biology and Chemistry, interestingness and
importance were both significant predictors of grades, while for Physics the only significant
predictor was the assessment of importance. Students with more positive attitudes toward
Biology, Chemistry, and Physics show greater attention in class, participate more in scientific
activities, and are better able to learn scientific concepts and skills in those areas, which lead
to their better academic success in the form of grades (Baram-Tsabari & Yarden, 2007; Hidi &
Harackiewicz, 2000; Jarvis & Pell, 2005; Yager, 1996). It remains unclear as to why only the
importance of Physics was associated with grades, while its interestingness was not.

According to the third hypothesis (H3.1), it was expected that the students’ attitudes
toward all subjects would be positively correlated with a deep learning approach to these
subjects, and negatively with a surface learning approach (H3.2). The results partly confirmed
this hypothesis.

As expected, for all three subjects, the assessments of the interestingness and importance
of the subject were associated with deep learning. However, contrary to expectations, the
assessment of subject importance was also positively associated with surface learning, though
to a lesser extent. It is obvious that students who find natural science subjects interesting and
important will prefer to learn with understanding (deep learning) rather than just learn by
memorizing (surface learning). This is in line with previous research, though very sparse, which
also showed such associations in the field of Mathematics (Alkhateeb & Hammoudi, 2006;
Zakariya et al., 2020). However, the question arises of why subject importance is associated
also with a surface learning approach, as also seen in some other studies (Hacieminoglu, 2016).
A possible explanation is that some teachers require reproduction of facts, and so the students
take a surface approach to learning because the subject is important to them, and they want to
obtain a better grade.
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Research has confirmed the expectations that deep learning approach is positively (H4.1),
and surface learning negatively associated with grades (H4.2). This is in line with research
in Croatia (Putarek et al., 2016; Rijavec et al., 1999; Vrdoljak, 2016; Vrdoljak & Vlahovi¢-
Steti¢, 201 8), and elsewhere (BouJaoude, 1992; Cavallo et al., 2003; Hacieminoglu et al., 2009;
Hacieminoglu, 2016). A surface approach to learning is based primarily on memorization.
Students are focused only on what they expect the teacher will ask, they ask no additional
questions, and do not highlight important sections but instead only repeat until they feel they
have learned the content. This strategy finally results in lower grades.

As presumed, the results have shown that learning strategies are a mediator between the
attitude towards subjects and the grades achieved in that subject (HS). For all three subjects,
students who assessed the subject as both interesting and important were more inclined to take a
deep learning approach, and less to take a surface learning approach, which ultimately resulted
in higher grades in that course.

Limitations of the Study

This research is a correlation type study, therefore any conclusions about causality
cannot be drawn from the findings. It is possible that attitudes towards natural science subjects
influence the grades obtained in those subjects through the learning strategies, as presumed
here. However, this association can also go the opposite way, for example, the learning strategy
influences the grade, which then consequentially influences the attitude towards the subject.
Therefore, future studies should include longitudinal research that would allow confirming
possible cause and effect relationships between the variables tested in this study. Also, the
research was conducted only in one county in Croatia, and therefore, we cannot generalize to
the entire elementary school population. Since attitudes towards subjects change in relation to
the situation in the school, particularly equipment in the classroom and education of teachers,
research in other parts of Croatia would contribute to a better overall generalization of the
obtained results.

Conclusions and Implications

Research involving natural science subjects in school has shown that students with
positive attitudes towards these subjects also earn better grades. However, studies that try to
investigate the mechanisms underlying this association are rare. In other words, we know that
positive attitudes contribute to better grades but the reasons why this happens are still unclear.
Results of this study point to learning strategies as a mediator between attitudes and grades.
Students who have positive attitudes toward Biology, Physics and Chemistry more often use
the strategy of deep learning while working to master the content in these subjects, which in
turn leads to better grades. This finding, in addition to theoretical contribution, has practical
implications suggesting educators and teachers to pay more attention to helping students
develop positive attitudes towards natural science subjects as early as possible.

Future research should address other possible mediators between attitudes towards
subjects and grades achieved in that subject. Coping with stress and test anxiety may be a
promising line of research. Students with positive attitudes towards subjects experience positive
emotions, which are known to improve cognitive functioning, which could help students to
better cope with oral and written exams and achieve better grades.
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