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Abstract

The aim of this research is to investigate the relationships among high school students’ scientific epistemic beliefs, conceptions of
learning physics and willingness to perform scientific studies in physics. A total number of 526 (male=284, female=242) 9" grade
high school students participated in the study. Correlation research was used, and the data were collected with the help of some
questionnaires in the form of Likert-scale at just one point in time. To investigate the relationship among the variables Hierarchical
Regression Analysis was performed. The results showed that students’ scientific epistemic beliefs in certainty, development, and
justification as well as their higher-level conceptions of learning physics — that are, increase of knowledge, applying and
understanding and seeing in a new way — are significant and positive predictors of their willingness to perform scientific studies in
physics in the final model. This result can imply that increase in students’ such scientific epistemic beliefs and conceptions of
learning physics can result in increase in their willingness to perform scientific studies in physics. Moreover, students’ scientific
epistemic beliefs and conceptions of learning physics can also be important variables in explaining their intentions or willingness to
perform scientific studies in physics. The attempts that can improve both students’ epistemic beliefs and conceptions of learning
physics might result in increase in their willingness to perform scientific studies in physics.
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INTRODUCTION and physics (Kapucu & Bahgivan, 2015).

Scientific epistemic beliefs concern with

Attitudes and behavioral intentions can  individuals’ beliefs about nature of knowledge and
influence the observation of some behaviors. knowing (Conley, Pintrich, Vekiri & Harrison,
Some types of beliefs and attitudes can also 2004). This type of belief is related to some doma-
predict the behavioral intentions (Ajzen, 2011). For  in specific physiological constructs. For example, it
example, pre-service science teachers’ attitudes Ccorrelates with conceptions of learning physics and
and beliefs can be a significant predictor of their ~ @Pproaches to learning physics (Chiou, Lee &
behavioral intentions to science, technology, 1sai, 2013), conceptions of learning biology (Sadi
engineering and mathematics (STEM) teaching & Dagyar, 2015), motivation in learning science
intentions (Lin & Williams, 2016). Moreover, (Lin, Deng, Chai & Tsai, 2013; Soltani & Askariza-
students’ scientific epistemic beliefs can be related ~ deh, 2021), self-efficacy of learning science (Tsai,

to their attitudes towards science (Fulmer, 2014) Ho, Liang & Lin, 2011), constructivist science
learning environment perceptions (Yilmaz-Tuzun &
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ibrahim Gegen Unv., 04100 Merkez/Agr1, Turkey Boscolo, Tornatora & Ronconi, 2013; Pamuk,
E-mail: serkankapucu@yahoo.com Sungur & Oztekin, 2017).



142 Jurnal Pendidikan Fisika Indonesia 17 (2) (2021) 141-150

Conceptions of learning refer to the beliefs
or understandings about learning (Li, Liang & Tsali,
2013). These beliefs can be domains-specific and
there can be differences among domain-specific
conceptions of learning (Tsai, 2004). For example,
Tsai (2004) studied on students’ conceptions of
learning science to categorize these conceptions.
He categorized them under seven dimensions as
memorizing, testing, calculating, increase, apply-
ing, understanding, and seeing in a new way. In
another study, Tsai, and his colleges (2011)
categorized these conceptions under two main
dimensions as lower-level and higher-level. While
lower-level conceptions of learning science refer to
the conceptions about memorizing, testing, and
calculating in science learning, higher-level of
conceptions of learning science refer to the
conceptions about increase of knowledge, apply-
ing and understanding and seeing in a new way in
science learning (Tsai et al., 2011). According to
Richardson (2011), students’ conceptions of learn-
ing relate to their study behavior and approaches
to learning. In science domain, students’ concept-
tions of learning also correlate with their approach-
es to learning (Lee, Johanson & Tsai, 2008;
Prasadini, Abd Hamid, Khatibi & Azam, 2018).
Similarly, students’ conceptions of learning physics
relate to their approaches to learning physics
(Chiou et al, 2013). Furthermore, students’
conceptions of learning can predict their academic
achievement (Peterson, Brown & Irving, 2010).
Briefly, these conceptions can be significant
predictor of learning behavior/intentions and
achievement (Alamdarloo, Moradi & Dehshiri,
2013; Richardson, 2011; Peterson et al., 2010).

There are limited numbers of studies
concerning the relationships among students’
scientific epistemic beliefs, conceptions of learn-
ing, behavioral intentions, and behavior. Most of
these studies are also not domain specific, and the
remaining ones are also mostly related to science
learning or teaching domain. There are also a few
studies concerning the relationships among these
physiological constructs in physics, chemistry, and
biology domains. Although it is very difficult to
distinguish the nature of these domains too much,
physics may be the most difficult or disliked or

hands on domain perceived by students (Barmby
& Defty, 2006; Oliveira & Oliveira, 2013; Kapucu,
2014). These perceptions may influence students’
behavioral intentions towards physics. Further-
more, students’ scientific epistemic beliefs and
conceptions of learning physics can be significant
predictor of their behavioral intentions towards
physics. Their willingness to perform scientific
studies in physics can also be considered as their
behavioral intentions towards physics. Hence, it is
aimed to test whether high school students’ scien-
tific epistemic beliefs and conceptions of learning
physics significantly predict their willingness to
perform scientific studies in physics in this study.
In line with this aim, the following research
questions are addressed:

a) Do high school students’ scientific epistemic
beliefs significantly predict their willingness to
perform scientific studies in physics?

b) Do high school students’ scientific epistemic
beliefs and lower-level conceptions of
learning physics together significantly predict
their willingness to perform scientific studies
in physics?

¢) Do high school students’ scientific epistemic
beliefs, lower-level conceptions of learning
physics and higher-level conceptions of learn-
ing physics together significantly predict their
willingness to perform scientific studies in
physics?

METHOD

The Correlation research was used in the
study. This type of research can be used to
investigate the relationships among two or more
variables and to predict possible outcomes (Fraen-
kel, Wallen & Hyun, 2011). A total humber of 526
(male=284, female=242) 9" grade high school
students from one of the cities in Turkey participa-
ted in the study. They are chosen from three differ-
rent public high schools that can represent the
general profile of the students in the city center. In
Turkey, the curricula that are prepared by Ministry
of National Education are also implemented in
almost all public high schools.
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Data were collected with the help of some
guestionnaires in the form of Likert-scale (1 — 5)
at just one point in time. They were designed as a
single form before applying them to students. Two
whole questionnaires “Epistemological Beliefs
Questionnaire (EBQ)” (Conley et al., 2004) and
“Conceptions of Learning Science Questionnaire”
(Lee et al., 2008), and one of the dimensions of
“Scientific Attitude Inventory (SAI)” (Moore & Foy,
1997) — that is, “Willingness to Perform Scientific
Studies (WPSS)” — were used to collect the data.
Ozkan (2008) adapted EBQ, Bahgivan and
Kapucu (2014) adapted COLS and Demirbag and
Yagbasan (2006) adapted SAIl into Turkish. The
items in COLS and WPSS were revised consider-
ing physics domain. Hence, COLS was renamed
as “Conceptions of Learning Physics Question-
naire (COLP)” and WPSS was renamed as
“Willingness to Perform Scientific Studies in Phy-
sics (WPSS-P)".

EBQ has four dimensions: source, certain-
ty, development, and justification. These dimen-
sions are related to beliefs about knowledge trans-
ferred by authority (source), right answer (certain-
ty), developing aspect of science (development),
and justification of knowledge (justification)
(Conley et al., 2004). COLS consists of two main
dimensions namely, lower-level conceptions of
learning science and higher-level conceptions of
learning science. The lower-level conceptions in-
clude the dimensions memorizing, testing and cal-
culate and practice, and the higher-level concept-
tions include the dimensions increase of know-
ledge, applying and understanding and seeing in a
new way. While the lower-level ones are related to
beliefs about learning science by memorizing
knowledge, taking tests, and practicing problems,
higher-level ones are related to learning science
by acquiring knowledge about natural phenomena
and scientific facts, applying knowledge and skills
to new situations or problems, and understanding
scientific knowledge (Tsai et al., 2011). WPSS is
one of the dimensions of SAI and concerns with
the individuals’ willingness to perform scientific stu-
dies, behave like scientists and become scientist
(Moore & Foy, 1997).

The students’ responses to some items of
EBQ and WPSS-P were first recoded by reversing
them. Then, normality of the data was tested by
examining skewness and kurtosis values. Some
outliers (N=12) were removed from the analysis so
that a total number of 514 participants’ responses
were used. Next, confirmatory factor analysis was
performed to test the construct validity of the
instruments. CMIN/df, RMSEA, GFI, CFl and TLI
values were examined. Acceptable values for
these are as follows: CMIN/df (.00 — 3.00), RMSEA
(.00 — .08), GFI (>.90), CFI (>.90) and TLI (>.90)
(Byrne, 2010). Additionally, factor loadings of each
item in the questionnaires were calculated.
Reliability analysis was also performed, and the
Cronbach’s alpha values were determined. The
acceptable values of Cronbach’s alpha are over
.70 (Pallant, 2010). Students’ mean scores in each
variable of the questionnaires were also calculated
and the Pearson’s correlations among the
variables were determined.

As a last step, the hierarchical regression
analysis was performed. The order of entry of
variables into this analysis can be decided consi-
dering the logical or theoretical backgrounds
(Tabachnick & Fidell, 2013). Therefore, dependent
and independent variables in the study were first
determined according to theoretical backgrounds.
Ajzen (2011) explained individuals’ behavioral
intentions and behaviors by associating them with
their beliefs. According to Ajzen (2011), beliefs can
influence behavioral intentions and behaviors. The
variable used in the study willingness to perform
scientific studies in physics can be considered as
behavioral intention. Therefore, it was evaluated
as dependent variable. Two types of beliefs which
are scientific epistemic beliefs and conceptions of
learning have been also investigated. As these two
types of beliefs may be influential in explaining
behavioral intention, they are considered as inde-
pendent variables. Moreover, scientific epistemic
beliefs can be considered as core beliefs. They are
fundamental and central, so it is difficult to change
them (Hammond, 2016). They can also influence
conceptions of learning (i.e., beliefs about nature
of learning) (Ho & Liang, 2015; Tsai et al., 2011).
Beliefs about learning can be more peripheral and
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they can be affected by contextual factors
(Hammond, 2016). In the light of above discus-
sions, it is also logical that core beliefs may be
more influential than peripheral beliefs in explain-
ing behavioral intentions. Hence, in this study
students’ scientific epistemic beliefs were conside-
red as a first predictor of willingness to perform
scientific studies in physics. Then, lower-level con-
cepttions of learning physics and higher-level con-
cepttions of learning physics as second and third
predictors were respectively forced into the
regression model. To summarize, the framework of
the data collection and analysis is also presented
in Figure 1.

Implementation of questionnaires
(N=526)

Normality and outlier analyses

Confirmatory factor analysis
(N=514)

Reliability analysis
(Cronbach’s Alpha)

Correlation analysis

U S S

Hierarchical regression analysis

Figure 1. The framework of the data collection and
analysis

RESULT AND DISCUSSION

As mentioned above, confirmatory factor
analyses were run for construct validity of the
guestionnaires. The first questionnaire EBQ had
four dimensions and 26 items. However, two items
E5 and E22 were removed from the analysis since
they did not fit the factor structure. Factor analysis
results and each dimension’s Cronbach’s alpha
and mean values for EBQ are shown in Table 1.

Table 1. Factor analysis, reliability analysis and
descriptive statistics analysis results for EBQ

Factor  Cronbach’s
Factors Item .
loadings alpha
Source El .762 .809 3.66
E6 .736
E10 .696
E15 .520
E19 .682
Certainty E2 .555 .785 3.53
E7 .553
E12 491
E16 673
E20 726
E23 .709
Development E4 .601 .787 3.93
E8 .612
E13 714
E17 .549
E21 .646
E25 .580
Justification E3 .526 .808 4.13
E9 .670
E11 511
E14 .685
E18 .552
E24 .637
E26 737

CMIN/df = 1.728 (p = .000); RMSEA = .038;
GFI =.937; CFl = .950; TLI = .943;
Overall Cronbach’s alpha = .827

As shown in Table 1, all the fit indices are
in acceptable range and the majority of the factor
loadings are over .60. Therefore, it can be claimed
that confirmatory factor analysis provides accept-
able factor structure. The Cronbach’s alphas are
also over. 70 so that the reliability of the
questionnaire is acceptable. The highest and low-
est mean scores are 4.13 (justification) and 3.53
(certainty), respectively.

The second questionnaire used in the
study was COLP including six dimensions and 31
items. Factor analysis results and each dimen-
sion’s Cronbach’s alpha and mean values for
COLP are shown in Table 2.



S. Kapucu - The Relationships Among High School Students’ Scientific Epistemic Beliefs, Conceptions ... 145

Table 2. Factor analysis, reliability analysis and descriptive statistics analysis results for COLP

Factors Iltem Factor loadings Cronbach’s alpha X
Memorizing COLP1 .666 .829 2.32
COLP6 .748
COLP14 .660
COLP25 .730
COLP31 716
Testing COLP2 791 .853 2.40
COLP7 747
COLP10 .647
COLP17 .697
COLP20 .618
COLP30 723
Calculate and practice COLP5 .697 .826 3.34
COLP11 .627
COLP15 .835
COLP22 716
COLP27 .610
Increase of knowledge COLP4 .710 .881 3.90
COLP18 .733
COLP19 .859
COLP21 797
COLP26 775
Applying COLP3 .676 .769 3.89
COLP12 .684
COLP16 .697
COLP29 .647
Understanding and COLP8 .800 877 3.97
seeing in a new way COLP9 776
COLP13 .749
COLP23 761
COLP24 719
COLP28 .629

CMIN/df = 1.668 (p = .000); RMSEA = .036; GFI =.920; CFl = .959; TLI = .954;
Overall Cronbach’s alpha = .831

According to Table 2, all the fit indices
imply acceptable model for COLP. The factor
loadings are also strong and the minimum factor
loading value is .610. The reliability results also
show that the Cronbach’s alphas are over the cut
of value .70. The students’ mean scores in higher-
level conceptions of learning physics are also

higher than their mean scores in lower-level
conceptions of learning physics.

The last questionnaire used in the study
was WPSS-P including ten items. Factor analysis
results and each dimension’s Cronbach’s alpha
and mean values for WPSS-P are shown in Table

3.
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Table 3. Factor analysis, reliability analysis and descriptive statistics analysis results for WPSS-P

Factor Iltem Factor loadings Cronbach’s alpha X
Willingness to perform WPSS-P1 .687 .892 3.92
scientific studies in WPSS-P2 572
physics WPSS-P3 752

WPSS-P4 .661

WPSS-P5 .754

WPSS-P6 .688

WPSS-P7 .668

WPSS-P8 672

WPSS-P9 .619

WPSS-P10 .650

CMIN/df = 2.392 (p = .000); RMSEA = .052; GFI = .970; CFI = .978; TLI = .970;
Overall Cronbach’s alpha = .892

As given in Table 3, all the fit indices
establish acceptable model. The factor loadings
are also between .572 and .754. The Cronbach’s
alpha is .892 and mean score is 3.92.

The Pearson’s correlations among the
variables were also examined. In Table 4, these
correlations are shown.

Table 4. The Pearson’s correlations among the variables

1 2 3 4 5 6 7 8 9 10 11
1. Source 1
2. Certainty 15" 1
3. Development .05 25" 1
4. Justification 100 18" 53" 1
5.  Memorizing .05 -25" -12° -.05 1
6. Testing -03 -19" -09° -07 .447 1
7.  Calculate and practice 18" -23" 117 13" 32" 25" 1
8. Increase of knowledge -08 .04 36" .32" -15" -10° .04 1
9.  Applying 01 16" 36" .35 -12" -10° .08 54" 1
10. Understanding and seeing in .02 117 36" .33" -.15" -12" .06 .47" 45" 1
a new way
11. Willingness to perform .02 25" 39" .33" -23" -18" -08 .38" 38" 37" 1
scientific studies in physics
"p<.01
'p<.05

As shown in Table 4, there are weak or no
correlations between scientific epistemic beliefs
and lower-level conceptions of learning physics.
However, there are some positive and significant
relationships between the dimensions of scientific
epistemic beliefs (development and justification)
and higher-level conceptions of learning physics.
The dimension development positively and
significantly correlates with increase of knowledge
(r=.36, p<.01), applying (r=.36, p<.01) and under-
standing and seeing in a new way (r=.36, p<.01).
Similarly, the dimension justification positively and
significantly correlates with increase of knowledge
(r=.32, p<.01), applying (r=.35, p<.01) and under-
standing and seeing in a new way (r=.33, p<.01).

The dimensions development (r=.39, p<.01) and
justification (r=.33, p<.01) also positively and signi-
ficantly correlates with willingness to perform
scientific studies in physics. In addition, while
lower-level conceptions of learning physics nega-
tevely correlate with willingness to perform
scientific studies in physics, higher-level concept-
tions of learning physics positively and significantly
correlate with this dimension. The dimensions
increase of knowledge (r=.38, p<.01), applying
(r=.38, p<.01) and understanding and seeing in a
new way (r=.37, p<.01) positively and significantly
correlate with willingness to perform scientific
studies in physics.
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As a last step, hierarchical regressions Table 5, these models are presented.
analysis was run. Three models were obtained. In
Table 5. Hierarchical regression analysis results
Independent variables B B t R? R? change
Model 1 192 192
Source -.025 -.032 -.796
Certainty 124 .156 3.747"
Development 231 .258 5.386"
Justification .184 167 3.530"
Model 2 .220 .028
Source -.009 -.012 -.296
Certainty .080 101 2.314"
Development 227 .254 5.313"
Justification 191 173 3.700"
Memorizing -.087 -.118 -2.568"
Testing -.044 -.061 -1.367
Calculate and practice -.032 -.048 -1.075
Model 3 .302 .082
Source .009 .012 .305
Certainty .083 .104 2.489"
Development .140 157 3.324™
Justification .103 .093 2.044"
Memorizing -.056 -.076 -1.727
Testing -.032 -.044 -1.038
Calculate and practice -.049 -.073 -1.729
Increase of knowledge .109 .149 3.093"
Applying .106 .130 2.746"
Understanding and .105 130 2.886"

seeing in a new way

"p<.01
‘p<.05
As shown in Table 5, the dimensions

certainty, development, and justification in EBQ
contribute positively and significantly to the depen-
dent variable, F (4, 509) = 30.257; p<.01, in model
1. The dimensions in EBQ together account for
19.2% of the variation in willingness to perform
scientific studies in physics. Then, lower-level
conceptions of learning physics in COLP were
forced into the equation in model 2. The dimension
memorizing contributes negatively and significantly
to the dependent variable. The lower-level
conceptions of learning physics explain an additio-
nnal 2.8% variation in willingness to perform
scientific studies in physics. This change in R? is
significant, F (3, 506) = 6.087. Lastly, the higher-
level conceptions of learning physics in COLP
were introduced into the equation in model 3. The
dimensions increase of knowledge, applying, and

understanding and seeing in a new way contribute
positively and significantly to the dependent varia-
ble. They explain an additional 8.2% variation in
willingness to perform scientific studies in physics.
This change in R2 is also significant, F (3, 503) =
19.572. Consequently, the independent variables
significantly explain the 30.2% of the variation in
willingness to perform scientific studies in physics,
F (10, 503) = 21.737; p<.01, in model 3. The
dimensions certainty (3=.104; t=2.489), develop-
ment (=.157; t=3.324) and justification (3=.093;
t=2.044) in EBQ and the dimensions increase of
knowledge (B=.149; t=3.093), applying (=.130;
t=2.746), and understanding and seeing in a new
way in COLP (B=.130; t=2.886) positively and
significantly contribute to the willingness to perform
scientific studies in physics. According to the beta
coefficients, the dimension development is the
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strongest positive predictor of willingness to
perform scientific studies in physics, when the
other variables are controlled.

The results presented above are in line
with the theoretical ideas of Ajzen (2011). This
study showed that some beliefs of students can
explain their behavioral intentions. In addition, as
discussed before, students’ core beliefs (i.e. scien-
tific epistemic beliefs) were more influential than
peripheral beliefs (i.e. conceptions of learning phy-
sics) in explaining their behavioral intention (i.e.
willingess to perform scientific studies in physics).

The results of this study are also consis-
tent with the results of some studies focusing the
relationships among epistemological beliefs,
conceptions of learning and attitude / behavior /
behavioral intention. Like in this study, Kapucu and
Bahcivan (2015) found significant relationships
between students’ justification beliefs and their
attitudes towards physics. Moreover, Lin and
Williams (2016) found that pre-service science
teachers’ salient beliefs significantly contribute
their intentions to engage in STEM teaching. Some
studies (Chiou et al., 2013; Lee et al.,, 2008;
Prasadini et al, 2018) also focusing on the relation-
ships between students’ scientific epistemic beliefs
and approaches to learning in science domains
support the findings of this study. Students’
approaches to learning can be considered as their
intentions to study and learn (Uiboleht, Karm &
Postareff, 2018). For example, in the study of
Chiou et al. (2013) students’ conception of learning
physics in the dimension seeing in a new way
significantly and positively predicted their
approaches to learning physics in the dimensions
deep motive and deep strategy. Similar to this
finding, students’ conceptions of learning physics
in the dimension understanding and seeing in a
new significantly and positively predicted their
willingness to perform scientific studies in physics
in this study.

CONCLUSION
Three models were obtained in this study.

In model 1, students’ beliefs about certainty,
development, and justification in EBQ positively

and significantly predicted their willingness to
perform scientific studies in physics. This result
can imply that the higher the student’ beliefs about
certainty, development and justification, the higher
their willingness to perform scientific studies in
physics will be. Then, lower-level conceptions of
learning physics were forced into the equation in
model 2. Although the change in R2 was signifi-
cant, the variation in explaining students’ willing-
ness to perform scientific studies in physics was
very low. Only the dimension memorizing negate-
vely and significantly contributed to the regression
model. This can mean that the lower the students’
conceptions of learning in memorizing, the higher
their willingness to perform scientific studies in
physics will be. In model 3, the higher-level
concepttions of learning physics were introduced
into the equation. All the higher-level conceptions
increase of knowledge, applying, and under-
standing and seeing in a new way significantly and
positively contributed the regression model. This
result can imply that increase in students’ higher-
level conceptions of learning physics may contribu-
te the increase in their willingness to perform
scientific studies in physics. However, the dimen-
sion memorizing did not contribute the model yet.
Among the variables used in the model 3, the
students’ beliefs in development and justification
are the most powerful predictors of their willing-
ness to perform scientific studies in learning phy-
sics. In other words, increase in students’ beliefs in
the development of scientific ideas and knowledge
over time and the importance of experiments to
explore scientific knowledge may imply increase in
their willingness to studying physics, doing experi-
ments, behaving like scientists, and exploring
scientific knowledge in physics laboratory. Similar-
ly, increase in students’ higher level-conceptions of
learning such as believing in physics learning as
exploring the natural phenomena, applying the
knowledge to solve the problems in life, acquiring
new knowledge and viewing natural phenomena in
new ways may contribute to increase in their
willingness to perform scientific studies in physics.

Finally, students’ scientific epistemic be-
liefs and conceptions of learning physics can be
important variables in explaining their intentions or
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willingness to perform scientific studies in physics.
The positive developments in both students’
epistemic beliefs and conceptions of learning
physics might result in increase in their willingness
to perform scientific studies in physics. In future
studies, researchers can investigate the predictive
powers of some other remaining variables to
explain this important outcome variable. Moreover,
in final regression model in this study, students’
lower-level conceptions of learning physics and
beliefs in source cannot explain their willingness to
perform scientific studies in physics. Believing in
too much the knowledge attained by the authority
or not having more positive source beliefs and
having average lower-level conceptions may lead
to these results.
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