J Sci Educ Technol (2014) 23:198-206
DOI 10.1007/s10956-013-9463-7

Undergraduates’ Attitudes Toward Science and Their
Epistemological Beliefs: Positive Effects of Certainty

and Authority Beliefs

Gavin W. Fulmer

Published online: 6 August 2013
© Springer Science+Business Media New York 2013

Abstract Attitudes toward science are an important
aspect of students’ persistence in school science and
interest in pursuing future science careers, but students’
attitudes typically decline over the course of formal
schooling. This study examines relationships of students’
attitudes toward science with their perceptions of science
as inclusive or non-religious, and their epistemological
beliefs about epistemic authority and certainty. Data were
collected using an online survey system among under-
graduates at a large, public US university (n = 582). Data
were prepared using a Rasch rating scale model and then
analyzed using multiple-regression analysis. Gender and
number of science and mathematics courses were included
as control variables, followed by perceptions of science,
then epistemological beliefs. Findings show that respon-
dents have more positive attitudes when they perceive
science to be inclusive of women and minorities, and when
they perceive science to be incompatible with religion.
Respondents also have more positive attitudes toward sci-
ence when they believe scientific knowledge is uncertain,
and when they believe knowledge derives from authority.
Interpretations of these findings and implications for future
research are discussed.
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Attitudes toward science are an important aspect of stu-
dents’ persistence in school science and interest in pursuing
science careers (Osborne et al. 2003). Unfortunately, prior
research has shown that students’ attitudes toward science
generally decline over the middle and high school years
(George 2000) and that female students have traditionally
had less positive attitudes toward science than did male
counterparts (Weinburgh 1995). Therefore, helping to
bolster students’ attitudes toward science is an important
goal of science education, as it can help contribute to the
broadening of scientific literacy for more students.

As part of achieving this goal, it is essential that the field
explores the various factors that may influence students’
attitudes toward science, thus uncovering the factors that
may prove tractable or intractable as a lever for affecting
science attitudes. Prior research on students’ attitudes
toward science has explored the ways that attitudes toward
science are linked to students’ experiences with science in
school (e.g., Basl 2011; Maltese and Tai 2011) and out of
school (e.g., Hazari et al. 2007; Maltese and Tai 2010), and
their perceptions of science as difficult, useful, and having
a potential match with one’s self (e.g., Aschbacher et al.
2010; Buck et al. 2009; Deacon and Hajek 2011; Hazari
et al. 2007; Masnick et al. 2010; Taconis and Kessels
2009).

Despite this wealth of research, little research has
explored the extent to which students’ attitudes toward
science are affected by their epistemological beliefs,
despite the noted importance of epistemology in the
development of a scientifically literate citizen (Kolsto
2001; Sandoval 2005). Students’ epistemological beliefs
involve their core views about the forms and sources of
knowledge. Furthermore, epistemological beliefs may be
related to students’ willingness to accept uncertainty, to
question or accept knowledgeable authority, and their
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openness to new ideas. Indeed, prior research on epistemic
beliefs has demonstrated that they can influence political
and economic viewpoints and actions (Calogero et al.
2009; Chirumbolo et al. 2004), as well as reasoning about
scientific phenomena (e.g., Fulmer 2011; Hogan and Ma-
glienti 2001; Zeineddin and Abd-El-Khalick 2010). Other
prior research has explored the relationship of under-
standing basic epistemological aspects of science with
students’ explanations of scientific phenomena (Schauble
et al. 1995), as well as the role of epistemological belief in
students’ understanding of authority and uncertainty (Lin
et al. 2012). However, there has been scant attention to
epistemological beliefs and their relationship with stu-
dents’ attitudes toward the subject matter. This dearth of
attention belies the potentially influential role that beliefs
about knowledge and knowledge-building may influence
students’ attitudes toward science.

The present study seeks to bridge this gap between the
literature on epistemological beliefs and students’ attitudes
toward science through a large-scale survey study of
undergraduate students. It examines epistemological
beliefs and perceptions of science as predictors of attitudes
toward science, after controlling for students’ gender and
prior course-taking. In so doing, the study may contribute
to the broader effort to understand the factors that can
support or hinder raising students’ attitudes toward science.

Literature Review

This study builds on the literature in science education on
individuals’ perceptions and attitudes and on their episte-
mological beliefs. This section begins with presentation of
the theoretical framework of lay epistemic theory (Kru-
glanski 1989). It then moves on to discussion of individ-
ual’s attitudes toward and perceptions of science, before
continuing to a review of epistemological beliefs.

Theoretical Framework

This study is based on lay epistemic theory (Kruglanski
1989; Kruglanski et al. 2009), which posits that knowledge
is itself a form of belief and that one’s knowledge develops
continually through an ongoing cycle of calls to evidence
and subsequent conclusion-making. Evidence may be fac-
tual statements, experiences of natural phenomena, social
interactions, views of oneself, and prior beliefs. An indi-
vidual does not necessarily have to accept a belief to know
it: One may know about the concept of a flat earth by
believing that ancients believed in it in the past. Among the
prior beliefs upon which an individual may call to judge
evidence are his or her epistemological frames, attitudes,
and cognitive needs.

Lay epistemic theory draws upon common psychologi-
cal bases with persuasion (Petty and Cacioppo 19864, b) as
both concepts are developed from prior work on individ-
uals’ need for cognition (Kruglanski 1989). The lay epi-
stemic theory is, in a sense, an overarching theory that
incorporates the elements of persuasive communications,
cognitive dissonance, attitude, and self-concept through the
lens of belief assessment and decision-making (Kruglanski
1989). Through this integration, it can support models of
attitude and behavior that seemed conflicted in previous
research (Shrigley 1990), but which the lay epistemic
theory considers as varied forms of belief—including
beliefs about oneself, one’s attitudes and interests, one’s
“typical” behaviors, and beliefs about the credibility and
authority of others making a persuasive communication.
Because it enables consideration of self-concepts, percep-
tions, attitudes, and knowledge statements, it has much
potential as a framework through which to understand the
interrelations among students’ perceptions, beliefs, and
attitudes toward science.

Under the lay epistemic theory, two important aspects of
individuals’ epistemological beliefs are their perceptions of
epistemic authority and their need for certainty. Epistemic
authority is the extent to which a source of information is
considered authoritative on a particular topic (Kruglanski
1989). In educational settings, this could be a teacher,
parent, other student, or oneself. Previous research on
epistemic authority demonstrates that views of authority
influence how students respond to instruction that either
emphasizes external authority such as the teacher or
emphasizes their own authority (e.g., Ellis and Kruglanski
1992; Quiamzade et al. 2009). Need for certainty focuses
on the extent to which individuals are or are not willing to
accept uncertainty about knowledge or about sources of
knowledge (Kruglanski 1989) and shares similarities with
the motivation for individuals to accept familiar explana-
tions to escape the discomfort of uncertainty without con-
sidering evidence for or against the proposed explanation
(e.g., House et al. 2004). Previous research on lay episte-
mic theory has focused primarily on individual’s reasoning
about social situations such as their political beliefs, per-
sonal beliefs, and related propositional knowledge state-
ments (e.g., Calogero et al. 2009; Chirumbolo et al. 2004;
Jost et al. 2003; Webster and Kruglanski 1994). The
present study extends this framework by applying the lay
epistemic theory to relationships between epistemological
beliefs and attitudes toward science, focusing on the roles
of certainty and authority.

Attitudes Toward and Perceptions of Science

Attitudes toward science are the positive or negative
opinions that individuals have about science, based on their
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perceptions of science—as a school subject, as an aspect of
society, and as a human endeavor. In their review of atti-
tudes toward science, Osborne et al. (2003) show that the
attitude research consists of an amalgam of constructs that
continue to be popular in recent literature, including
interests, such as preferences for science as a school subject
or a career (e.g., Bge 2012); motivation, such as the desire
and/or ability to continue engaging in science (e.g., Glynn
et al. 2011); pleasure, such as enjoyment or other positive
emotions when engaging in science (Lin et al. 2012); and
competence, such as a sense of ease in learning science,
feeling a sense of achievement in science, or (conversely)
fear of failure in doing science (e.g., Beghetto 2007). Other
researchers have also considered behavioral aspects of
attitudes, which are infentions to engage in behaviors
(though not measures of behaviors themselves), such as
spending time reading books or doing projects about a
science (Cheung 2009; Eagly and Chaiken 1993). This
constellation of related constructs contains a great deal of
variation in definition and application, so measuring the
entire set of interrelated constructs is a challenge.

Attitudes are related to students’ performance in science
and their retention in science majors. For example, Hazari
et al. (2007) found that attitude has a positive relationship
with students’ performance in introductory physics cour-
ses. Yet, as Shrigley (1990) and Shrigley and Koballa
(1992) argue, the particular relationship among attitudes,
intentions, and behavior can be complex and either medi-
ated or moderated by individual differences for students as
well as contextual variables in the classroom and any other
social situations. This calls for efforts to explore the con-
nections between students’ attitudes and their behaviors
while accounting for such complexity. For example, Singh
et al. (2002) report on analysis of the effects of interest and
motivation on students’ mathematics and science
achievement. Their findings showed no direct effects of
interest or of motivation on achievement, but did find that
both attitude and motivation significantly predicted the
amount of time that students spent on academic work,
which yielded higher achievement. Likewise, Singh et al.
(2005) identify a positive relationship between attitudes
toward science and course-taking patterns. So, attitudes
toward science may have indirect relationships with sci-
ence achievement or other behaviors, with intermediary
effects via their engagement and motivation or their per-
sistence with academic study of science.

Corroborating this view of intermediary variables
relating to attitudes, prior work indicates an important role
of students’ identity and experiences—both in school and
out of school—in developing positive attitudes. Within
school environments, Basl (2011) shows that students’
experiences in school have an effect on their reported
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attitudes toward science. Likewise, undergraduate students
who perceive science as a fit with their self-identify con-
sider it one of their favorite subjects also have higher
expectations of success and more positive self-concepts
of their ability to engage in advanced academic studies
(Enman and Lupart 2000). Outside of the school environ-
ment itself, students’ early interests in science and per-
ceptions of the usefulness of science are predictive of their
future science studies (Maltese and Tai 2011). Students
with a stronger sense of family support and expectations
tend to perform better in science (Hazari et al. 2007).
Similarly, Aschbacher et al. (2010) find that students
benefited from science-related experiences with people and
places outside of school time, and this helped them develop
the idea of a science-related identity.

The development of instruments to measure attitudes
toward science has, like the definitions of attitudes, drawn
upon many different aspects of attitude. Many if not all
previously developed instruments have included items
addressing individuals’ perceptions of science. Blalock
et al. (2008) reviewed the instrument validity and reli-
ability data for 66 attitude instruments published between
1935 and 2005, finding that the great majority of instru-
ments were used only in a single study and that few of the
instruments were reported with complete information on
their validity and reliability. Among those that have been
used in multiple studies, one of the more frequently used is
Cobern’s (2000) Thinking about Science Survey Instru-
ment (TSSI). The particular areas it addresses include
science-related emotions and aesthetics; perceptions of
science’s inclusiveness; economic, societal, and personal
usefulness; and beliefs regarding science and religion. The
TSSI has been recognized for its broad applicability (Heath
et al. 2010) and further validated in later studies by Cobern
(e.g., Cobern and Loving 2002) and other researchers (e.g.,
Stewart et al. 2009).

Drawing upon the reviewed literature, it seems clear that
having positive attitudes toward science—along with the
host of related perceptions and experiences that go into
such attitude—contributes to students’ motivation for and
persistence in school science. Thus, while direct and
immediate outcomes of attitude may seem limited, attitude
can have meaningful influences on students’ intentions and
behaviors over time, making it a worthwhile focus of study
as a stepping stone to student performance in addition to
being an outcome in its own right. Furthermore, previous
findings indicate that students’ perceptions of science can
have important relationships with their attitudes toward
science. Drawing on these findings, the present study will
focus on measures of students’ attitudes toward science, as
well as the role of their perceptions of science as being
inclusive or as being in conflict with religion.
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Epistemological Beliefs

Epistemological beliefs have been the subject of much
interest in cognitive science, educational psychology, and
science education. The lay epistemic theory that undergirds
the present study is one example of the broad interest in
epistemological beliefs (Kruglanski 1989). For science
education in particular, students’ epistemological beliefs
are an essential part of gaining a deeper understanding of
scientific inquiry, the scientific process, and the nature of
science (Sandoval 2005). There have been a variety of
ways that epistemology has been conceptualized and
measured. Duell and Schommer-Aikins (2001) review the
various conceptualizations of epistemological beliefs and
their respective measures. They identify a progression in
the theorization of epistemological belief from a simple,
unidimensional construct toward a multidimensional model
of related constructs. The multidimensional models vary in
the specific aspects that are highlighted. In one example,
Schommer (1990, cited in Duell and Schommer-Aikins
2001) includes views of knowledge structure, knowledge
stability, and ability to learn. Another example comes from
Kuhn et al. (2000, cited in Duell and Schommer-Aikins
2001), which includes value judgment, views of facts about
the social world, and views of facts about the physical
world. One of the more commonly used multidimensional
frameworks—and associated instrument—comes from
Schraw et al.’s (2002) Epistemic Belief Inventory (EBI)
and its five subscales: Simple Knowledge, Certain
Knowledge, Omniscient Authority, Quick Learning, and
Fixed Ability.

Epistemological beliefs have also been the subject of
study in relation to other constructs of interest in science
education. In a study of the relationship between episte-
mology and reasoning about socio-scientific issues, Liu
et al. (2011) found that students with views of scientific
knowledge as changing and tentative were more likely to
have reservations about authority in the decision-making
process. However, relatively little previous study has
examined the relationships between science attitudes and
epistemological bases. Some exceptions include Enman’s
and Lupart’s (2000) study of undergraduates’ achievement
motivations, finding that students for whom science is a
favorite subject agree more strongly with the idea that
individuals have fixed intellectual ability (a belief about the
nature of one’s ability to know) and science majors agree
more strongly with the idea that knowledge is a simplistic
set of distinct facts (a belief about the set of scientific
knowledge).

Drawing upon the previous literature in science educa-
tion on epistemological beliefs and the lay epistemic the-
ory, the present study focuses on students’ beliefs about
epistemic authority and about knowledge certainty. The

present hypothesis is that after accounting for other fac-
tors—gender, prior coursework in science and mathemat-
ics, and perceptions of science as inclusive and non-
religious—epistemological beliefs in authority and cer-
tainty will be negatively related to attitudes toward science.

Methods

The purpose of the study is to identify the role of episte-
mological beliefs in predicting students’ attitudes toward
science. To do so, it is first necessary to distinguish the
attitudes toward science from the perceptions of science.
This allows analysis of the effect of epistemological beliefs
after controlling for perceptions of science, and for back-
ground demographic variables.

Participants and Setting

Data come from students at a large, public university in the
eastern United States who participated in the study as part
of a standard data collection system in exchange for extra
credit. The university is the flagship campus for the state’s
university system but is not considered an “elite” school.
Students completed a series of questionnaires on their
attitudes, beliefs, and epistemologies. Complete data for
582 students were collected. The sample is 67 % of
females, and 95 % of respondents are between the ages of
18 and 21. The sample participants’ ethnic backgrounds are
66 % Caucasian, 12 % Asian or Asian American, 10 %
Black or African American, and 5 % Hispanic or Latino.
These values are similar to the demographics for the stu-
dent population overall, according to the Forbes online
information service (2012), with Caucasian students only
slightly overrepresented in the sample. The majority of
students in the sample are psychology majors (55 %); the
next largest group is of students majoring in a science,
technology, engineering, or mathematics (STEM) field
(20 %). The remaining 25 % of students in the sample have
majors in the humanities or other social sciences or have
not declared a major. The students in the sample had, on
average, taken between four and five STEM-related cour-
ses at the university, with a range of 0-30 previous courses.
Taken together, the sample is relatively well representative
of undergraduates at the institution. Therefore, the sample
provides insight into the perceptions, beliefs, and attitudes
of undergraduate students including both those who have
chosen to study a STEM field and those who have not.

Instruments and Data Preparation

Measures for the present study include the Epistemic Belief
Inventory (EBI; Schraw et al. 2002) and the Thinking about
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Science Survey Instrument (TSSI; Cobern 2000). These
instruments have been studied previously with participants
of similar age to the current sample, making the instru-
ments well suited for the present study (Liu 2012). For both
EBI and TSSI, the full instrument was used in data col-
lection. After data collection, clusters of items, or sub-
scales, were created from the participants’ responses. The
data are first prepared for analysis by identifying the sub-
scales and then creating estimates of students’ measures on
these subscales using the Rasch measurement model (Liu
2010). Although some items adapted from the EBI were
included in a Rasch analysis of epistemic beliefs (Van
Strien et al. 2012), the present study is the first known work
to examine both the EBI and TSSI using a Rasch mea-
surement model. Fitting with the goals of the study, the
subscales identified represented key areas of focus for the
research—attitudes toward science, perceptions of science,
and epistemological beliefs of authority and certainty. The
estimates on these variables are then used for further
analysis.

The Rasch model allows estimation of both item diffi-
culty and student ability for a test, whether items are coded
dichotomously or in a rating scale (Andrich 1978). Only
scales that show acceptable model fit and reliability are
retained. In Rasch modeling, items are compared by
examining the degree of fit between the observed student
response data and the values predicted by the model, using
weighted statistics, or infit, and unweighted statistics, or
outfit (Bond and Fox 2007). Items are generally considered
to have acceptable fit if the infit and outfit have mean-
square values within the range of 0.7-1.3, and if the
respective z scores for infit and outfit have magnitude less
than 2 (i.e., if Izjpad < 2 and lzousd < 2). The WINSTEPS
software program (Linacre 2007) is used for all Rasch
model estimation.

Rasch analysis of the TSSI and EBI instruments reveals
that the overall scale was not unidimensional, but that
items did cluster around functional dimensions as expected.
Only subscales with acceptable item functionality are
described and used for the remainder of the paper. Three
subscales are developed from the TSSI. The first TSSI
subscale includes items that were about positive attitudes
toward science, such as “There are many good things we
can do today because of scientific knowledge.” This scale
is labeled science-positive. This variable is a measure of
students’ positive attitudes toward science. It is used as the
dependent variable in later analyses. The second TSSI
subscale includes items about the inclusiveness of science,
such as “African Americans and other minority people are
just as welcome in the scientific community as are white
people.” This variable is a measure of students’ percep-
tions of science as inclusive and open to minorities and to
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women. The third TSSI subscale includes items about the
perceived discrepancy between scientific and religious
knowledge, such as “Science is a more important source of
knowledge than religion”; so, it is called non-religious.
This scale measures the extent to which individuals per-
ceive science to be discrepant with religion or even at odds
with it.

The EBI analyses result in two subscales with accept-
able fit. The first EBI subscale focuses on the concept of
certainty. It consists of items describing belief that scien-
tific knowledge is certain and clear-cut, such as “If two
people are arguing about something, at least one of them
must be wrong.” The second EBI subscale focuses on the
concept of authority. It consists of items such as “Children
should be allowed to question their parents’ authority”
(this item is reverse coded).

The instrument item reliabilities and average infit mean-
square statistics are shown in Table 1. Though the reli-
abilities of the measures of persons are only moderate for
some of the scales, the values indicate good fit between the
measurement model and the students’ responses. This
supports the use of the Rasch model for scale preparation.
The scale reliabilities may be improved in a subsequent
study by developing additional items for each scale, as
more items generally increase reliability in measurement
(Crocker and Algina 1986). Table 2 presents the descrip-
tive statistics and correlations of the variables. The values
for the Rasch-scaled measures (science-positive, certainty,
authority, inclusiveness, and non-religious) are in logits,
the log of the odds ratio for responses (Bond and Fox
2007). The logit values can range from negative infinity to
positive infinity. Positive values indicate more of the
measured trait, and negative values indicate less of the
measured trait.

Data Analysis

After data preparation, the subscale scores are analyzed
using multiple-regression analysis. The dependent variable
is science-positive (TSSI-1), which is the extent to which
students have positive attitudes toward science. The
demographic independent variables are entered first: stu-
dents’ gender and number of previous STEM courses.
These are included as control variables, as previous liter-
ature has shown differences in attitude based on gender and
course-taking patterns. The next independent variables
entered are inclusiveness and non-religious. Finally, the
two epistemological belief variables of certainty and
authority are entered. Lastly, two-way interactions of cer-
tainty and authority with the other independent variables
are entered. Nonsignificant interaction terms are not
reported to conserve space.
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Table 1 Rasch subscale names, source instrument and items, and measurement model information

Subscale name Source instrument and items

Mean (MNSQ) Reliabilities

Infit Outfit Item Person
Science-positive TSSI (8 items): 2, 4, 5, 7, 8, 10, 22, 23 1.01 1.02 0.99 0.75
Inclusiveness TSSI (4 items): 18, 19, 20, 21 0.99 1.00 0.99 0.53
Non-religious TSSI (5 items): 11, 12, 13, 15, 16 0.99 1.01 0.99 0.64
Certainty EBI (5 items): 2, 6, 23, 25, 31 1.03 1.02 0.99 0.52
Authority EBI (4 items): 4, 20, 27, 28 0.99 1.01 0.99 0.54

Reliabilities are based on the reliability of distinctions among items or persons, respectively; item reliabilities are typically much higher. MNSQ
is the mean-square fit statistic; ideally it should be about 1 for both infir and outfit

Table 2 Correlations and descriptive statistics for study variables
(n = 582)

Table 3 Results of regression of demographic and epistemological
variables on science-positive attitudes (n = 582)

Variable 1 2 3 4 5 6 7
name

Correlations

Courses (1) 1.00

Gender (2) 0.03 1.00

Science- 0.02 -0.20 1.00

positive (3)

Certainty (4) —0.05 —-0.03 -0.17 1.00

Authority (5) —0.04 —0.02 0.21 0.07 1.00
Inclusiveness 0.03 —-0.10 0.22 0.15 0.27 1.00

Q)

Non-religious —0.07 —0.11 0.31 0.09 0.26 028 1.00
@)

Descriptive statistics

Mean 490 0.67 2.17 —-1.68 027 031 022
SD 4.35 0.47 1.67 1.36  0.61 0.56 0.50

Correlation coefficients greater than 0.15 are statistically significant at
the p < .01 level, after Bonferroni correction. The values for courses
(variable 1) ranged from O to 30

Results

This study examines the effects of undergraduates’ episte-
mological beliefs regarding certainty and authority on their
attitudes toward science, after accounting for control vari-
ables. The results of the analysis for science-positive atti-
tudes are presented in Table 3. Regarding the students’
gender, the findings show that women have a significantly
less positive attitude toward science than did men (b =
—0.610, p <.001), which is consistent with previous
research. There are no significant interactions between
gender and the epistemic belief scales (p > .05), indicating
that any observed effects for the epistemic belief scales are
equivalent for male and female students. Regarding the
number of university STEM-related courses previously
taken, there is not a significant effect (b = 0.013, p > .05),
indicating no relationship between students’ science and
mathematics course experience and attitudes toward science.

Source Estimate
Intercept 1.714%*
Courses 0.013
Gender —0.610%*
Certainty —0.269%*
Authority 0.403%%*
Inclusiveness 0.348*
Non-religious 0.697%**

*p <.0l; ** p <.001

Students’ perceptions of science are significantly related
to their attitudes toward science. There is a significantly
positive effect of perceiving science as inclusive
(b = 0.348, p < .01). That is, students have more positive
attitudes toward science when they perceive science as
inclusive of women and minorities. Additionally, there is a
significantly positive effect of perceiving science as non-
religious (b = 0.697, p < .001). Thus, students have higher
attitudes toward science when they perceive it as being
non-religious or even as standing in opposition to religious
belief.

After controlling for gender, previous courses, and
perceptions of science, there remain significant relation-
ships between attitude and epistemological beliefs. There is
a statistically significant, positive effect for the belief that
knowledge derives from authority (b = 0.403, p < .001).
This indicates that students have greater attitudes toward
science when they believe that knowledge can derive from
authority. There was also a significantly negative effect of
believing that scientific knowledge is certain on students’
attitudes toward science (b = —0.269, p < .001). There
were no significant interaction terms between these epis-
temological beliefs and the control variables or perceptions
of science (p > .05). This indicates that the main effects of
authority and certainty are consistent for both male and
female students and are consistent regardless of percep-
tions of science.
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Discussion

Overall, the findings demonstrate that there is a relationship
between students’ attitudes toward science and their epis-
temological beliefs about certainty and authority, as pro-
posed under the lay epistemic theory (Kruglanski 1989).
This supports the importance of measuring these episte-
mological variables as possible predictors of students’
attitudes toward science, above and beyond the variables
that have been the subject of prior study (e.g., Deacon and
Hajek 2011; Weinburgh 1995). Consistent with previous
research, men have higher overall attitudes toward science.
Furthermore, both men and women have more positive
attitudes when they perceive science as inclusive of women
and minorities, and scientific knowledge is more reliable
than religious knowledge. After accounting for these fac-
tors, there is a statistically significant effect of epistemo-
logical beliefs: Students have more positive attitude toward
science when they believe that knowledge can derive from
authority, and when they believe that knowledge is
uncertain.

The finding that attitudes are positively related to
authority and non-religious, but negatively related to cer-
tainty, requires some further consideration. At first glance,
one may expect that certainty and religiosity should align
with authority—considering the cultural role of religious
institutions as sources of authority and seminal work that
shows positive relationships between religiosity and
acceptance of authority (e.g., Rigby and Densley 1985).
However, as the present data are collected among univer-
sity students, the referent for the respondents’ views on
epistemic authority may be their university faculty rather
than epistemic authorities outside of the academic setting.
In such a situation, university faculty may be perceived as
deriving authority from their secular, academic accom-
plishments. Thus, students’ attention to epistemic authori-
ties in this case may support views that (1) knowledge can
be uncertain and (2) scientific knowledge is incongruent
with religious knowledge. Additional research is needed to
pursue this conjecture further.

Contrary to expectation, there is not a significant effect
of number of previous STEM courses on attitudes toward
science. At face value, this finding may seem somewhat
conflicting, because one may typically assume that stu-
dents’ attitudes toward science should be correlated with
their science and mathematics coursework. However, prior
work has suggested that there are important contextual
factors that may influence the effect of coursework on
students’ attitudes (Machina and Gokhale 2010). Further-
more, the perceptions of science and epistemological
beliefs that are included in the present study may also serve
as important alternative factors affecting attitudes, but that
are not included in the previous studies that have found an
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association between attitudes and course-taking experi-
ences (e.g., Singh et al. 2005).

Limitations and Implications for Future Research

The present study’s findings point to the value of episte-
mological beliefs as a factor that may influence students’
attitudes toward science. However, the study was limited as
it consists of a single, large survey. Thus, it cannot estab-
lish a causal relationship between epistemological belief
and attitudes—and which would be the cause or the effect.
Additional work is needed to determine whether increasing
understanding of scientific uncertainty leads to higher
attitudes, whether higher attitudes lead to understanding of
scientific uncertainty, or whether there are yet other vari-
ables that influence both.

The present study’s findings also have implications for
future research. Other extensions of the current study could
examine the relationship of epistemological beliefs with
other constructs of importance. For example, future studies
could examine students’ epistemological beliefs and their
views of the nature of science (NOS; Lederman 1999). As
one of the key aspects of NOS is that scientific knowledge
is tentative, views of NOS will likely correlate with stu-
dents’ beliefs in knowledge certainty. Likewise, as another
aspect of NOS is that science is a social endeavor, views of
NOS may correlate with beliefs about epistemic authority.

Another direction for future study is to pursue the pos-
sible conflicts in the directionality of the relationships of
attitudes with authority, certainty, and non-religious.
Additional research is needed to examine qualitatively the
varying aspects of students’ perception of epistemic
authority and its relationship to beliefs and attitudes toward
science. Furthermore, future studies should pursue this
question in a broader variety of settings, such as primary or
secondary education, as well as among members of the
public, to give a broader understanding of the extent to
which epistemological beliefs relate to attitudes toward
science.

Implications for the Teaching and Learning of Science

There is an ongoing effort to increase students’ attitudes
toward science and interest and persistence in science in
primary and secondary school, through university educa-
tion, and into everyday life. The present findings at the
undergraduate level suggest promising directions for
development and testing of instructional materials that
could raise students’ attitudes toward science, although the
causal relationships still need to be examined. For example,
the findings suggest that helping students see science as
inclusive could increase their positive attitudes toward
science. Additionally, helping students understand the
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scientific process and the nature of uncertainty in scientific
knowledge may also lead to more positive attitudes toward
science. Thus, efforts to help students understand the sci-
entific enterprise and the processes of creating and cri-
tiquing scientific knowledge may also raise their attitudes
toward the subject overall.
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