Heliyon 9 (2023) e20023

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Attitudes towards science in higher education: Validation of
questionnaire among science teacher candidates and engineering
students in Indonesia

Azizul Ghofar Candra Wicaksono ® ", Erzsébet Korom ¢

 Doctoral School of Education, University of Szeged, Hungary
b Department of Learning and Instruction, Institute of Education, University of Szeged, Hungary
¢ MTA-SZTE Digital Learning Technologies Research Group, Hungary

ARTICLE INFO ABSTRACT
Keywords: In higher education, academic success and failure can be affected by students’ affective states,
Attitudes towards science such as their attitudes towards courses and learning. Many studies highlight the role of attitudes
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in the educational process resulting in a high demand for attitude assessments to plan compre-
hensive instructional strategies. The present study assessed and compared attitudes towards
science in higher education. A total of 296 Indonesian undergraduate students from science
teacher training and engineering majors participated in this study by completing the online At-
titudes Towards Science Questionnaire (ATSQ). The validation analysis with confirmatory factor
analysis and the Rasch model was performed to measure the instrument’s properties resulting in a
good fit model for the questionnaire’s theoretical construct with acceptable individual fit items.
Comparing the attitudes of science teacher candidates and engineering students, no significant
differences were found in attitude towards science. Both groups revealed moderate attitudes, with
higher responses to the science value variable, followed by enjoyment and confidence, anxiety
and difficulty, and participation in science learning and activities. However, there were differ-
ences in the pattern of correlations between the variables, especially for anxiety and difficulty.
The ATSQ has good psychometric properties and therefore can be used in research to assess at-
titudes towards science. It can stimulate further research in different contexts to confirm
empirical evidence and promote attitude development in higher education.

1. Introduction

The rapid growth in demand for pursuing higher education corresponds to the social dynamics, where many people are trying to
achieve life goals, such as prospective jobs, social status, or even seeking self-improvement and knowledge [1]. Higher education
provides a learning environment in specific fields such as natural sciences, social sciences, and engineering for people to lay the
foundation for their future careers. Participation in higher education has been increasing recently, for example, in Indonesia between
2020 and 2021, university enrolment increased by 4.19% [2]. Although educational service provided by higher education institutions
has improved, there are still disadvantages that had led to more students dropping out. In 2020, the dropout rate from the national
universities and the international universities in Indonesia was 16.9% and 3.14% respectively, which many of them from engineering
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and education, especially science major [2]. The reasons identified for the high dropout rate in engineering and science education was
mostly related to sub-optimal school environment, financial problems, health status, and low academic progress [3]. Personal status
and inadequate educational support also play an important role in low academic progress, leading to a gradual decline in students’
desire to participate in certain courses. In addition, the classroom atmosphere and attitude towards subjects is also connected to
academic performance, which indirectly influence students’ dropout rate [4]. Researcher also support the influence of attitude as one
of psychological attributes that influence students’ dropout [5]. Attitude mediates the engagement process during learning, which
increases curiosity and extends new ways of learning, and reinforces the opportunity to gain new content and experience [6]. The
decrease in attitude will potentially affect students’ engagement in learning that cause low academic achievement and progress.

The importance of attitude towards learning in specific subject as an affective factor supporting academic success in education has
been emphasized by several empirical studies [7,8]. Some studies have also found that positive attitude has a positive impact on
students’ academic performance at the undergraduate level [9]. Therefore, identifying students’ attitudes plays an important role in
maintaining students’ learning performance in higher education. A profile of students’ attitudes can provide useful information for
teachers to improve their instructional strategies, which can lead to increased students’ engagement and avoid dropouts. Thus, the
assessment of attitude at the higher education level become substantial to planning further learning program and avoiding students’
failure in maintaining their learning progression. The assessment of students’ attitudes in higher education is complex process because
it shows a high degree of variation and contextualization. University students enrolled in a particular degree according to their study
program. The learning process were designed to match with their program and future profession, which is why attitude measurement
needs to address this specific condition. For example, in science and engineering majors, the attitude measurement is likely related to
science context.

In educational research, many attitude measurements exist, but a significant number of them often raise theoretical and meth-
odological issues [10,11]. For most attitude measures, problems have been caused by a lack of clarity and definition, as well as by the
fact that they have combined all attitude constructs into a single attribute and ignored the context [12]. Another criticism rose with the
poor psychometric quality when some instruments failed to reach the current standards [13]. The validity of content is important to
help determining whether the items are comprehensive and relevant enough to be put in the construct that the target participants do
understand and can be interpret the items correctly. As many as attitude measures developed recently, the different result in validity
was potentially found when the same attitude measurements were applied in different target groups meaning that the instruments will
potentially behave differently among contexts. The recent study measured the validity properties of attitudes towards science in the
Indonesian context and profiled students’ attitude levels in higher education.

1.1. Attitude towards science construct

Attitudes have been described as spontaneous individual beliefs about attributes and objects [12]. They related to an individual’s
mental and emotional state, which influences the action towards subjects or objects [14]. In the context of science, attitudes can be
explained as affective behaviours towards science scientists, science-related activities and careers, scientific inquiries, and enterprises.
The change in the conceptualization of attitudes towards science happened in recent decades with the major transformation in atti-
tudinal objects and their dimensions [15]. Attitude is known as a complex concept that can be explained by several frameworks. The
most prominent and influential model of attitude construct probably is the dimension-based attitude which includes cognitive, af-
fective, and behavioural dimensions [16,17]. A similar definition also highlights attitude as having three components: includes
knowledge about the objects, principles, and ideas, feeling about the objects, and tendency towards actions [12,18]. These three
dimensions are independent yet still closely related and form a solid framework of attitudes towards science (Fig. 1).
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Fig. 1. The framework of three-dimensions of attitude towards science (based on personal attitude towards science [19]).
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Cognition. This dimension refers to cognitive beliefs about science and its impact on human life and society. It is also defined as
cognitive judgements that explain the decisions, conclusion, inferences, or understanding of scientific concepts and phenomena [20].
Cognitive judgements emerge from the process of giving value to the science objects. This concept is strongly related to personal
knowledge and experience about science, indicating students’ efforts in science studies [21]. In the cognitive dimensions, attitudes can
be manifested in students’ perceptions of the value and importance of science in everyday activities and social interactions. Students
can identify whether science adds positive or negative value to their life and environment and whether the development and everyday
application of science are relevant. A prominent variable in the explanation of the cognitive dimension of attitudes towards science is
the value of science, which emphasizes the concept of science and its social implications [22]. The use of value of science in cognitive
dimension has been shown to be applicable to the evaluation of attitude attitudes towards science [23,24].

Affect. The second dimension relates to positive and negative emotions about science. The positive emotions are manifested by the
enjoyment of science and confidence in science, while negative emotions are represented by anxiety and difficulty with science. Both
affective components are not opposite but rather display independent yet related sub-components. Some studies also reported that
anxiety and enjoyment could be strong variable to be integrated into affective dimension of attitude towards science [22,25]. The
concept of enjoyment is linked to subjective feelings about pleasure associated with phenomena, events, or a particular environment. It
arises from the feeling of getting over controlled situations that provide interest and value [26]. Enjoyment is explained as a positive
activated emotion based on focused activities which lead to the joy of experienced success or expected success [27]. In the context of
enjoyment toward science, it is related to enthusiasm for science, an inner state of personal feeling about science when they feel good
and experience happiness. There are several views about enjoyment being associated with accomplishment and confidence as a result
of mastering skills, meeting challenges, or satisfaction with performances [16,28-30]. The term anxiety comes up with states of
discomfort including fear, tension, worry, distress, frustration, and mental disorganisation [31]. In this context, anxiety is expressed in
intellectual and personality areas. Intellectual factors of anxiety involve psychological arousal and negative cognition linked to poor
performance, achievement, and potential of negative evaluation [32]. This type of anxiety is caused by difficulties in learning science
and crosses into the personality domain, leading to negative feelings or aversion to science.

Behaviour. The behavioural tendency is a concept that can be used to indices attitude [33]. The behavioural tendency in attitude
measurement points to openness in engaging with activities related to science [20]. This behaviour and activities are specifically
intertwined with the learning process that addresses formal learning such as classroom learning and informal science learning through
outdoor activities and hobbies.

The framework of the three-dimensions of attitude towards science instrument is focused on three main concepts: (1) whether
students appreciate the importance of science in real life and society, (2) whether students are affectively connected to science, express
their positive or negative emotions to science, and (3) whether students are involved and willing to participate in activities related to
science or learning behaviour [20]. Likewise, it is expected that students who demonstrated good attitudes will present all attitudes in
those three categories.

1.2. Research on attitude measurement

The effort to measure attitudes towards science has appeared in several contexts. From the perspective of teachers, attitude
measurement has been projected to focus on their experiences of teaching science. The measurement has been constructed in a specific
way, incorporating elements of cognitive beliefs, affective states, and perceived control [34]. Attitude measurement focused on stu-
dents has been widely adopted globally. At the primary school level, attitude measurements have been conducted by measuring at-
titudes towards science, with a focus on assessing interest in science learning, leisure time, and a possible future career in science [35].
A three-dimensional model of science attitudes was used to measure the attitudes of elementary students, focusing on affective feelings
about science, behavioural tendencies towards learning science, and cognitive judgements about science [20]. Several studies and
global attitude surveys have used the three-dimensional concept and applied it at different educational levels.

The Trends in International Mathematics and Science Study (TIMSS) attitude questionnaire, which assesses students in grades 4 and 8,
has three components: liking learning science, confidence in science, and the value of science [4]. In TIMSS 2019, the Students Like
Learning Science scale consisted of nine items that measured students’ attitudes towards science and studying science. The results
showed a positive relationship between students’ attitudes and science achievement. The second, the Students’ Confidence in Science
scale, included nine statements about how well students think they can practice science. The third scale, Students Value Science also
consisted of nine statements about how well students understand the benefits of learning science subjects [23]. Attitude as measured in
the TIMSS study aligns self-concept of expectancy and the intrinsic utility value of science which reflects the interest and importance of
an individual position in science [36,37]. The framework of TIMSS assessment is aligned with affective and cognitive dimensions of
attitude towards science construct. Liking science and confidence in science express the affective dimensions, whereas the value of
science explains the cognitive dimension.

Another global survey of attitudes towards science was carried out by the Programme for International Students Assessments (PISA)
among 15-year-old students. Attitude measures use several categories, including science engagement (science career expectation and
participation in science activities), motivation for learning science (enjoyment, interest, and instrumental motivation to learn science),
and self-efficacy in science [38]. The PISA science attitudes questionnaire was validated with many students from different countries.
Overall, the instrument showed good reliability. For validity, a confirmatory factor analysis (CFA) was performed with a good model
fit, except for a poor root mean square error of approximation (RMSEA) value which was higher than the range of fit (>0.08) in several
countries [39].

The study about comprehensive review in attitude towards science instruments revealed that affective and emotional dimension
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such as liking science, enjoyment, anxiety, and confidence mostly appear in the existing instruments [13]. The cognitive dimensions of
attitude measurement such as value of science was found majority in US and Chinese context. In addition, some attitude towards
science construct also involved behavioural tendency which addressed learning process in specific science subject [40]. The behav-
ioural dimension of attitude was found in Behaviors, Related Attitudes, and Intentions toward Science (BRAINS) instruments which
focused on the effects of learning science or becoming a scientist in Indonesian context [41]. Despite, the various dimensions were
found in existed attitude measurement, the use of affective, cognitive, and behavioural dimension was seemingly appropriate to be put
as one integrated attitude towards science construct.

In higher education, the studies of attitude towards science assessment with science, technology, environment, and mathematics
(STEM) students focused on the subject matter and learning topic [42]. As students enrolling in science studies tend to show better
attitudes towards science rather than non-science students [43], considering students’ majors and their subjects will be a great concern
for attitudes measurement in higher education. The other attitude studies in other major such as social, language study, psychology,
and other non-science major was found to get constructed based on their specific subject matter [44-46]. The framework and mea-
surement properties in different context of attitude assessment was varied but most of them still maintain the cognitive, affective, and
behavioural aspects [45].

However, the issue about attitude measurement in higher education was raised due to their psychometric analysis. Many studies
conducted content validity with the involvement of experts who check the quality of the items but there is still a lack of construct
validity supporting the theoretical framework with empirical evidence. Despite the existence of a number of instruments for measuring
attitudes in science, some of them have been found not to meet empirical criteria, so some instruments lack strong validity evaluations
[13]. The critical aspects of attitude measurements should follow psychometric properties so that instruments are able to assess the
desired skills or traits. Another aspect is the context and the background of the participants, which sometimes affect the adaptability of
existing attitude instruments.

2. The present study

This study focused on measuring attitudes towards science in higher education, particularly in science and engineering. In science
major, we involved second-year students who enrolled in biology education as science teacher candidates. In the engineering major,
second-year students from food engineering were involved in this study. The instrument used to measure attitudes was adapted from
several studies and applied to an Indonesian context. We aimed to answer two main research questions.

RQ1. Is the attitude towards science questionnaire valid in a sample of Indonesian university students?

RQ2. Is there any difference between science and engineering students’ attitude towards science?
3. Method
3.1. Participants

The study involved 296 students from three universities in Central Java, Indonesia. They were enrolled in science teacher (56.08%)
and engineering major (43.92%) undergraduate courses and being selected using cluster random sampling [47]. The participants were
predominantly female (84.46%) with mean age as 20.35 years (SD = 1.54). In Indonesia, science teacher candidate and engineering
students take science courses such as general biology, physics, and chemistry in the first year of their studies, and later take different
courses based on their study program. The second-year students were chosen as a sample because they have already started to take
different courses related to their professional development.

3.2. Instrument

We used the Attitude Towards Science Questionnaire (ATSQ) which was adapted from previous studies that have properties
suitable to the Indonesian context [12,19,48-50]. The questionnaire used the prominent items from past studies with the rear-
rangement of some items based on the three-dimensional theoretical construct. Not all items in the previous study were used in this
adapted version. Only individual items which showed good psychometric properties and context congruity was chosen for the new
construct. There are general criteria when designing the questionnaire to address attitudes towards science including format, wording,
and conditional adaptability. We elaborated the items with changes in item sequences by adding or replacing the words to fit the
context and the university age group. A total of 27 items were used in the questionnaire and distributed across three dimensions
(Fig. 1). Among the three-dimension of attitude towards science framework, the affective dimension was explained by two variables,
while the behavioural and cognitive dimension was explained by one variable each.

In affective dimension, we distinguished the positive and negative emotions towards science for the latent variable. The first
variable in affective dimension is Enjoyment and confidence which represents the positive emotions. This variable consists of 8 items
representing liking science, interest, and self-capability in science. The second variable is Anxiety and difficulty which consist of 7 items.
This variable showed negative emotions in the affective dimension by representing a state of discomfort, fear, and distress about
science. In behavioural dimension, there is Participation in science learning and activity variable manifested by 8 items. This variable
assesses whether students have the tendency to participate in science activities in the classroom or any informal learning about science
which represents behavioural dimension. The last latent variable is the Value of science which belongs to cognitive dimension. Value of
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science variable consists of 4 items measuring students’ perceptions about science value and benefits in life and society. In developing
the questionnaire, two experts checked the suitability of the questionnaire and the language to the context which result in good
structure and content quality of the questionnaire.

The scoring type for each item is based on a Likert scale, which indicates how much respondents agree or disagree with each
statement. The scale ranges from strongly disagree (1) to strongly agree (5). The questionnaire was originally written in English, then
back and forward translation was done into Indonesian language. All items were placed on an online form and sent to the students.

3.3. Data collection and analysis

The participants were voluntarily to fill the questionnaire with confidential identification. To determine the validity of the
questionnaire, a confirmatory factor analysis (CFA) with a weighted least square (WLSMV) parameter was conducted to confirm the
questionnaire’s empirical construct. CFA follows several parameters for defining model fit indexes including the comparative fit index
(CFI), the Tucker-Lewis index (TLI), the root means square error of approximation (RMSEA), and the standardized root mean square
residual (SRMR). The cut-off value of each parameter followed CFI >0.90, TLI >0.90, RMSEA <0.08, and SRMR <0.06 [25,51].

Rasch analysis was used in addition to construct validity to check the fit of individual items in the questionnaire. The Rasch analysis
was used to measure the fit of individual items in the attitude towards science questionnaire with the fit parameter of infit and outfit
mean square (MNSQ) ranging from 0.5 to 1.5 [52] and a positive value of point-measure correlation (PTMA). Additional differential
item functioning (DIF) was performed to check the questionnaire bias towards the sample group.

The descriptive and comparative analysis was also added to get the students’ profile of attitudes towards science and see the
difference between science teacher candidates’ and engineering students’ attitudes. For descriptive and comparison analysis we
converted the students’ responses (ordinal data) into logit values generated from the Rasch analysis to estimate the students’ attitude
levels. The logit value represents students’ performance which is located at different parts of a single trait [52]. The logit value will
convert students’ responses to interval data which can be used for descriptive and t-test comparison analysis. The analysis process was
performed by SPSS, MPLUS, and Winstep programs.

Table 1

The items validity of Attitude Towards Science Questionnaire based on CFA and Rasch analysis.
Items CFA factor loading Rasch analysis

measure SE Infit MNSQ Outfit MNSQ PTMA

F1: Enjoyment and confidence (ENJ)
Item 1 0.88 -0.77 0.12 0.90 0.89 0.86
Item 3 0.74 1.40 0.12 1.29 1.39 0.76
Item 5 0.82 —0.24 0.12 1.00 0.98 0.84
Item 9 0.65 1.65 0.12 1.59 1.92 0.67
Item 12 0.86 —0.18 0.12 0.92 0.89 0.86
Item 20 0.93 —0.64 0.12 0.64 0.62 0.91
Item 21 0.97 —0.74 0.12 0.64 0.62 0.91
Item 26 0.92 —0.48 0.12 0.87 0.68 0.87
F2: Anxiety and difficulty (ANX)
Item 4 0.82 0.06 0.11 0.98 0.97 0.83
Item 6 0.78 —0.09 0.11 1.10 1.08 0.79
Item 13 0.70 0.26 0.11 1.39 1.38 0.72
Item 16 0.92 -0.17 0.11 0.77 0.77 0.89
Item 17 0.95 —0.16 0.11 0.84 0.81 0.89
Item 18 0.91 0.09 0.11 0.80 0.78 0.88
Item 23 0.83 0.01 0.11 1.07 1.07 0.83
F3: Participation in science learning and activity (PAR)
Item 7 0.76 0.02 0.11 117 1.14 0.79
Item 8 0.71 0.27 0.11 1.34 1.35 0.75
Item 14 0.80 —0.06 0.11 1.01 1.00 0.81
Item 15 0.82 0.35 0.11 0.80 0.82 0.85
Item 22 0.97 —0.14 0.11 0.69 0.67 0.87
Item 24 0.85 0.21 0.11 0.78 0.78 0.82
Item 25 0.77 0.48 0.11 1.14 1.13 0.80
Item 27 0.88 -1.13 0.11 0.98 0.97 0.84
F4: Value of science (SVAL)
Item 2 0.92 -0.14 0.13 0.99 0.98 0.90
Item 10 0.87 -0.33 0.13 0.85 0.83 0.91
Item 11 0.85 —0.37 0.13 1.04 1.01 0.89
Item 19 0.91 —0.10 0.13 1.06 1.01 0.89
Mean 0.84 —0.03 0.12 0.99 0.98 0.84
SD 0.08 0.58 0.01 0.23 0.28 0.06
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4. Results
4.1. The instrument’s validity

The result of validity analysis determines the questionnaire quality based on the theoretical model and individual items’ parameter
(Table 1). CFA showed acceptable result for ATSQ with four latent variables, CMIN/df = 2.61, CFI = 0.98, TLI = 0.98, RMSEA = 0.07,
and SRMR = 0.04. The factor loading from CFA revealed a similar value across the variables with the mean loading as 0.84. This value
represents the compatibility of items to explain the constructed variable. Indeed, all items of the questionnaire were able to measure
attitudes towards science in each latent variable.

Rasch analysis showed good infit (Mjnfis = 0.99) and outfit (Myytfie = 0.98) MNSQ value meaning that the items in the questionnaire
will measure students’ attitudes towards science correctly. In the case of item 9, the infit and outfit MNSQ are above 1.5. This item will
still be considered an acceptable item as it has positive PTMA correlation. Thus, the exclusion of this item from the questionnaire would
disrupt the theoretical aspects of the measurement. Regarding the items’ parametric properties, we can see that the logit measure of
overall items was close to 0 (Mjogjt = - 0.03, SD = 0.58). It can be interpreted that measured items were categorized as a moderate level.
The most difficult item of the questionnaire was item 9, where students gave mostly low score in their response (logit measure = 1.65).
The easiest item was item 27 (logit measure = - 1.13), for which students gave mostly confidently high score. In addition, Rasch
analysis also computed the dimensionality, resulting the average variance explained by the measure of ATSQ variables is higher than
the critical point (>30%), suggesting that the questionnaire measures only the dimension of attitude [53].

Additional different items functioning (DIF) measurement with Rasch analysis was performed to measure the questionnaire
invariance between groups. DIF analysis measure whether the questionnaire items behave differently toward a specific group. In this
study, we measure DIF between science teacher candidate and engineering group. The estimation for DIF analysis follows significant
probability (p < 0.05) with high size estimation (>0.64) [52]. Significant result and high size estimation indicate that DIF is presented
in the item. In contrast, non-significant with low size estimation indicate no DIF. Furthermore, significant result with low size also
interprets as negligible and perform no bias towards different group. We measure DIF in science and engineering groups showing
non-significant result for each item in ATSQ (p > 0.05) with low size contrast (Fig. 2), except item 8 (p = 0.01) and item 16 (p = 0.03).
Both items 8 and 16 show low DIF size (<0.64) which can be interpreted as performing negligible invariant.

Based on the CFA and Rasch analysis, ATSQ was considered valid and able to measure students’ attitudes towards science correctly.
DIF analysis also revealed that the questionnaire has no bias towards a specific group. Due to this result, ATSQ can be used for further
assessment and evaluation of students’ attitudes towards science.

4.2. Reliability

The reliability analysis was performed to check the questionnaire consistency towards the participants response, with the criteria

0.3

0.2

0.1

DIF size (diff.)
o

0.1

0.2

-0.3

—— science —m— engineering

Fig. 2. DIF analysis in the science teacher candidate and engineering group.
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for reliable coefficient following a range value of (r > 0.7) for an acceptable result [54]. The reliability analysis showed good result for
ATSQ, meaning that the items of the questionnaire consistently measured students’ attitudes towards science (Table 2). However, the
anxiety and difficulty variable showed low item reliability, suggesting that some items of the variable behave differently than others.
On the other hand, the other reliability parameters showed good coefficient, which can be considered an acceptable result for the
anxiety and difficulty variable.

4.3. The profile of students’ attitude towards science in science teacher candidate and engineering major

The distribution of students’ attitudes towards science was projected by analysing the persons’ logit value, which indicated the
position of students’ level based on the measured items. We compared the attitude levels of science teacher candidates and engineering
students for each variable (Fig. 3). In the Enjoyment and confidence category, there is no difference between science teacher candidates
and engineering students’ attitude levels (t = 1.52, p > 0.01, d = 0.18). A similar result also was found in the Anxiety and difficulty (t =
1.86,p > 0.01, d = 0.22), the Participation in science learning and activities (t =1.93,p > 0.01, d = 0.23), and the Value of science category
(t=0.62,p > 0.01,d = 0.08). The total attitude towards science in both groups also did not show any difference (t=1.94,p > 0.01,d =
0.23), meaning that both science teacher candidates and engineering students’ have similar attitudes towards science. The overall
students’ attitude level in the two groups reached the mean score of 0.54 logit (SD = 1.20) which is close to 0 logit representing a
moderate level of attitude. In the four categories of attitudes towards science, the Value of science showed the highest logit value (Mjogit
= 2.96, SD = 3.73) followed by Enjoyment (Mogic = 1.54, SD = 3.07) and Participation in science learning and activities (Mjogjt = 1.16, SD
= 2.68), while the lowest logit value goes to the Anxiety category (Mjogit = 0.22, SD = 2.78).

The relationship between the attitude variables was examined by calculating the correlations (Fig. 4). In the case of science teacher
candidates, there is a strong positive correlation between students’ enjoyment and their willingness to participate in science learning
and activities as well as their perception of the value of science. In contrast, the anxiety is not significantly correlated with other
variables, meaning that the increase in anxiety is not related to students’ participation in science learning and activities, and their
perceptions about the value of science. For engineering students, a different pattern was found since all attitude variables significantly
positively correlate with the others. A strong correlation is found between enjoyment and participation in science learning and ac-
tivities and the value of science, while anxiety shows moderate correlations with the other variables.

5. Discussion

Construct validity with CFA showed an acceptable model fit, indicating that the instrument has a good theoretical foundation with
four latent variables. Rasch analysis is also considered as one of the powerful measurements for qualifying assessment tools with some
functions in item’s positioning [55]. It can determine the quality of the measurement by calculating the fit measure based on the item’s
level and person’s responses. The Indonesian version of ATSQ showed a prominent fit value for each item and acceptable reliability
from the Rasch model analysis, indicating that the questionnaire measured the trait correctly and consistently. Among the four var-
iables of ATSQ, the ANX variable shows lower items reliability while the other reliability parameters are high within the university
sample which concludes an acceptable standard. Since the ANX variable shows negative aspects of attitudes, this may explain why the
psychometric properties of this variable differ from the other variables which represent positive attitudes. Hence, the ATSQ has overall
good psychometric properties confirming that the questionnaire is reliable and valid for the assessment of attitude towards science.

In this study, participants from science teacher candidate and engineering majors showed similar tendencies in attitudes towards
science. Similar responses were obtained for all variables, which means that there is no significant difference in any of the aspects of
attitudes towards science. Both groups showed high responses in the SVAL variable meaning that they have high beliefs about the
benefit and value of science. It represents their understanding that science is important in the communities which can be a potential
factor in progressing their science-related studies. In the other categories, majority of students in science teacher candidates and
engineering majors have a positive response in enjoyment and participation in science learning and activities. Bivariate correlation
analysis also revealed that ENJ has a higher correlation with PAR. In this case, we can see that high enjoyment in science is connected
to the tendency to in the participating science activities and the learning process. Supportive environment and cultural perspective are
believed to be able to influence persons’ attitude [56,57]. Several studies also reported that the attitudes and students’ enjoyment in
learning is affected by the learning activities [58-60]. It implies that students with a high willingness to participate in science learning
and activities are those who like science and showed a positive attitude towards science.

In the ANX category, students had lower scores compared to the other variables. However, the ANX mean score of science teacher
candidate was higher than 0 logit indicating a moderate level of anxiety and difficulty. In contrast, the engineering majors’ mean logit

Table 2

The reliability of the Attitude Towards Science Questionnaire.
Variables Cronbach alpha McDonald omega Persons’ reliability Item’s reliability
Enjoyment and confidence .94 .94 .92 .98
Anxiety and difficulty .93 .93 91 .38
Participation in science learning and activity .93 .93 91 .94
Value of science .92 .92 .88 77
Total .95 .95 .93 .97




A.G.C. Wicaksono and E. Korom Heliyon 9 (2023) 20023

logit_value
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variable ANX ENJ PAR SVAL Total

Fig. 3. Distribution of level students’ attitudes towards science (1 = science teacher candidate, 2 = engineering major).
ANX: Anxiety and difficulty, ENJ: Enjoyment and confidence, PAR: Participation in science learning and activity, SVAL: Value of science.

ENJ ENJ
.01 82" 347 .70
.90* -89
ANX PAR SVAL ANX PAR | SVAL
-.07 817 48" .67
-.03 267
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Fig. 4. Correlations between the variables of attitudes towards science among the science teacher candidates and engineering students.
a = science teacher major, b = engineering major; ENJ: Enjoyment and confidence, ANX: Anxiety and difficulty, PAR: Participation in science
learning and activity, SVAL: Value of science.

lower than 0. In this case, engineering students had fewer negative feelings towards science and less difficulty with science in their
current state. In the case of the science teacher major, we found no correlation between ANX and other variables, while in the en-
gineering major, there is a weak significant positive correlation. This difference can be interpreted that the level of anxiety and dif-
ficulty in science students is independent and not associated with the other variables whereas in engineering majors all the variables
are connected. The difference is potentially caused by the learning diversity and environment, as the two groups have different
curricula and materials, which require different learning approaches [61]. No correlation between ANX and other variables in science
teacher candidate major implies that the situational factor during their studies may stimulate their negative feelings and anxiety level
[62]. This is supported by other studies explain that cultural and situational influences contribute to the development of anxiety [63].
Some study also reported that students in science field has higher anxiety compared to the other field which can affect attitude and
decrease enjoyment level [64]. It is supported by other studies that revealed that anxiety has a low and negative correlation to other
factors such as interest in learning and confidence [65].

Looking at the results of this research, it can be argued that science teacher candidates and engineering students generally have a
positive attitude towards science. Both groups gave a similar response in the attitude categories, but the correlation patterns for the
ANX variable are different which raise protentional analysis regarding the situational and sociocultural state of the students. It is worth
including additional factors to explain these differences with an increased sample size. Since this study was limited to second-year
science teacher candidates and engineering students, longitudinal studies are also needed to reveal the development of attitudes
over the education period at different levels. Another limitation arose due to the lack of information about qualitative analysis to define
the quality of the items. Therefore, additional qualitative analysis, such as construct mapping, interviews, and expert analysis, could be
included in future research on attitudes towards science assessment. It also recommends testing the questionnaire with a different
sample. Moreover, even if the result of the attitude measurement in this study showed prominent findings, different evidence may be
found with the involvement of other samples and study levels. It is important to confirm the empirical evidence of the validation of the
ATSQ and to provide more information on attitudes towards science with various context.
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6. Conclusion

The Indonesian version of ATSQ showed good empirical properties so it can be shown to measure the university students’ attitudes
towards science correctly in the Indonesian context. The attitude measurement among science teacher candidates and engineering
students using ATSQ revealed that both groups showed moderate levels of attitudes with higher responses in the value of science
variable, followed by enjoyment, anxiety and difficulty, and participation in science learning and activities. The present research could
be a good starting point for further studies to confirm the empirical characteristics of the ATSQ at different levels of education and in
different context. The developed questionnaire could also be used in research aimed at exploring the factors that shape attitudes
towards science.
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