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The Role of Academic Confidence and Epistemological Beliefs on Syllogistic
Reasoning Performance

In its simplest form, syllogisms are deductive reasoning problems consisting
of two related statements (premises) and a conclusion. A popular example of a
syllogism is:

All men are mortal.

Socrates is a man.

Therefore, Socrates is mortal.
To engage in syllogistic reasoning one must understand the concept of groups
(sets), and set memberships. In this example, Socrates belongs to the set “men”,
which in turn, belongs to the set “mortal”; based on these two set memberships,
we can validly conclude that “Socrates is mortal”. Syllogisms, like the above
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example, contain quantifiers such as “all”, “some”, “none” and “most”. In
everyday life, people utilize and are exposed to shorter forms of syllogistic
reasoning where a premise is often implied rather than stated (Kirby &
Goodpaster, 2007). For example, a Canadian citizen might claim that:
Michaélle Jean is the Governor General of Canada.
Therefore, she deserves respect.
The complete syllogism for this claim would be:

All Governor Generals of Canada deserve respect.

Michaélle Jean is the Governor General of Canada.

Therefore, she is a person who deserves respect.

We use syllogistic reasoning to evaluate the truthfulness of individual
statements, to interpret the relationship between statements, and to determine
whether a proposed conclusion is valid. In the real world, syllogistic reasoning is
necessary for understanding societal rules and regulations, and for critically

analyzing information from the news, media, and advertisements (Skuy & Mentis,
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1999). In short, we require syllogistic reasoning skills for determining the validity of
everyday assumptions, assertions, and conclusions.

From elementary school to university, educators are aware of the positive
link between formal logic skills and academic performance (Halpern, 1997).
Although this link is known, the domain of formal logic is not taught in North
America until undergraduate university. Syllogistic reasoning is at the heart of
critical or logical thinking in academic courses. Acquiring formal thinking skills is
required for success in mathematics, sciences, and humanities as it allows
students to formulate and test hypotheses from which specific conclusions can
be deducted. Altogether, the idea that these disciplines are a form of syllogistic
reasoning may be too strong, but certainly academic success involves different
levels of syllogistic reasoning.

From the 1970s to the 1990s, cognitive psychologists examining individual
differences in syllogistic reasoning have mostly focused on information-
processing frameworks such as the mental model theory (Johnson-Laird, 1983),
the formal rules theory (Rips, 1994), and the probability heuristics model (Chater
& Oaksford, 1999). Such research has assisted in identifying cognitive variables
associated with optimal syllogistic reasoning (Bara & Bucciarelli, 1995). For
example, Bara and Bucciarelli (1995) found that working memory and ability to
identify similar objects within figures explained 39% of the variance in syllogistic
reasoning performance among children, adolescents, and adults. While these
studies were helpful in discovering cognitive variables related to syllogistic
reasoning, they did not entirely explain why some individuals reason or think
better than others. Jensen (1998) found that the correlation between IQ (a
standardized measure of cognitive ability) and academic performance is
approximately 0.50 which translates to 25% of the variance in academic
performance being accounted for by IQ. Hence, 75% of the variance in

academic achievement remains to be explained by other variables. These
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additional variables may be characterized as non-cognitive, personal, or social
constructs or traits that influence academic achievement.

Richard E. Snow (1936-1997), an eminent psychologist in educational
assessment, posited a multi-systems theory for understanding individual
differences in academic task performance (Shavelson et al., 2002). Snow
believed that academic performance is a dynamic process involving a
contfinuous interplay between the characteristics of the individual and the
learning or testing situation. For example, a student has certain resources
(mental/emotional aptitudes, domain knowledge, instructional experiences,
etc.) that interact with an academic setting to produce a certain kind of
learning and test performance. Snow outlined three aptitudes that students
may bring into an academic situation: (1) “cognitive” (e.g., verbal,
quantitative), (2) “affective” (e.g., temperament, emotion), and (3) “conative”
(e.g., motivation, volition) processes (Shavelson et al., 2002). Affective and
conative variables are also known as “motivational” processes (Kupermintz,
2002). While Snow’s multivariate approach was developed to improve the valid
interpretation of achievement test scores, his ideas can be applied to
understanding academic achievement in general.

In line with Snow's multi-systems theory, educational researchers are
constructing “local” theories of self-related variables including affective and
conative proclivities that influence syllogistic reasoning (e.g., Blanchette &
Richards, 2004; Smith & Levin, 1996; St. B.T. Evans, 2003). Their studies focus on
student-centred variables such as need for cognition (Smith & Levin, 1996),
belief biases (St. B.T. Evans, 2003), and emotions (Blanchette & Richards, 2004).
These studies demonstrate that assessing self-related variables (in addition to
cognitive aptitudes) are critical for explaining academic learning and
achievement. Based on Snow's multivariate model, understanding the
dynamics between students’ aptitudes and the learning/testing climate in

which these aptitudes function is important for predicting academic outcome.
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Furthermore, Snow's approach suggests that outlining the relationship among
conative variables is also critical. The idea that conative variables interact with
each other may be applied to the formal logic domain—that is, by investigating
how conative variables fogether produce different levels of logical reasoning,
we stand a better chance of creating effective educational programes.

To our knowledge, no research has been conducted on the role of
conative variables such as academic confidence and epistemological beliefs
on performance in formal logic courses. Since formal logic is first taught at the
undergraduate level in North America, we extended research on academic
confidence and epistemological beliefs into this domain. These two conative
variables were found to have a strong, positive link with academic performance
(e.g., Pajares, 1996; Schommer, 1994). To set the context for our present study,
we review research findings in academic confidence and epistemological
beliefs, and how they may relate to the acquisition of syllogistic reasoning skills.
Academic Confidence

Bandura (1986, 1993) defined self-confidence or self-efficacy as a belief in
one’s ability to successfully perform an action or achieve a certain goal. Self-
confidence can originate from the mastery of skills, vicarious experiences, social
invitations, and social/emotional support (Britner & Pajares, 2006; Madewell &
Shaughnessy, 2003; Pajares, 2000). Self-confidence is tied to academic agency,
effort, motivation, and initiating and pursuing academic goals (Pajares, 2000).
Furthermore, a positive relationship exists between confidence and academic
performance (Pajares, 2000), in addition to academic resiliency (Martin & Marsh,
2006).

Creating academic goals, applying learning strategies, and monitoring
the learning outcome are inherent processes of self-regulated learning (Butler &
Winne, 1995; Winne, 1997, 2005). Pintrich and De Groot (1990) showed that a
greater sense of academic confidence is related to higher levels of self-

regulation by middle school students in mathematics and in English.
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Furthermore, higher levels of confidence significantly correlated with effective
learning strategy use (Pintrich & De Groot, 1990; Zimmerman & Martinez-Pons,
1990). Hence, confidence (such as expectations of high achievement) and self-
regulated learning (such as monitoring the outcome of using certain learning
strategies) are positively associated with one another.

Academic confidence and social confidence were also found to
positively correlate with academic performance by high school students (Tavani
& Losh, 2003). A meta-analysis uncovered that confidence predicted
academic performance and persistence across disciplines, particularly for high
school and university students (Multon, Brown, & Lent, 1991). Some investigators
have looked at the role of confidence in language arts programs where
confidence in one’s writing abilities was positively related to writing performance
by undergraduate students (Pajares & Johnson, 1993). Confidence is also
positively related to performance in undergraduate courses such as biology
(Lawson, Banks, & Logvin, 2007). Furthermore, research suggests that domain-
specific measures of confidence tend to predict and explain academic
outcomes better than more domain-general measures (Pajares, 1996).

Based on the above research, we can state, overall, that academic
confidence is related to setting and achieving school-related goals by high
school and university students. Results, however, are mixed in terms of the
connection between academic confidence and cognitive abilities on
scholastic performance. One study found that IQ scores and level of
confidence were uncorrelated, and that IQ was the best predictor of academic
achievement (Gagne & St. Pere, 2001). In contrast, another study found that
while cognitive ability was the strongest predictor of science achievement,
confidence predicted science achievement variance above and beyond
cognitive ability (Lau & Roeser, 2002).

The finding by Gagne and St. Pere (2001) that cognitive ability and

confidence level are independent, and that cognitive ability is the best
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predictor of academic achievement does not necessarily mean that
confidence cannot help to predict academic performance. It would be
difficult to believe that students with similar IQ scores but different confidence
levels (e.g., one student with a high level of confidence, the other with a low
confidence level) would perform similarly on academic tasks. Moreover, as
noted by Gagne and St. Pére, their findings may be due to brighter students
being less motivated as a result of an unchallenging high school curriculum;
hence, in their study, the brighter students were able to highly achieve with little
motivation. Overall, we agree that cognitive ability needs to be addressed
when examining the impact of conative variables on academic performance.
Our present study was conducted with the hypothesis that confidence is an
important contributor to logical thinking (syllogistic reasoning) performance, in
addition to cognitive abillity.

For this study, we hypothesized that student confidence would be
positively affiliated with syllogistic reasoning performance. Based on Snow'’s
multidimensional model, we were also interested in how student confidence
might interact with other conative variables in predicting syllogistic reasoning
performance. That is, we were aware that a high level of confidence does not
necessarily result in greater academic achievement. For example, Zhang and
Richarde (1999) found that additional student-related variables such as
adequate academic preparation, adjustment to instructional styles and the
college environment, and ability to prioritize learning are also necessary. The
finding that other conative variables are required for academic success
suggests that confidence might also be tied to other variables such as
epistemological beliefs for optimal learning.

Epistemological Beliefs

Similar to academic confidence research, the area of personal

epistemology suggests that conative variables can help or hinder classroom

learning and performance. That is, a student’s epistemological beliefs about
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the nature of knowledge and knowledge acquisition are strongly connected to
one’'s academic achievement (Schommer, 1994). Four epistemological beliefs
identified through research are: (1) a belief about the ability fo learn (ranging
from innate to acquired ability), (2) a belief about the structure of knowledge
(ranging from simple, isolated facts to complex, integrated whole), (3) a belief
about the speed of learning (ranging from quick to gradual learning), and (4) a
belief about the stability of knowledge (ranging from static to dynamic
knowledge) (Schommer-Aikins, 2002). Epistemological beliefs can be domain-
specific or domain-general (Duell & Schommer-Aikins, 2001; Hofer, 2006; Muis,
Bendixen, & Haerle, 2006).

Educational researchers (Davis, 1997; Hofer & Pintrich, 1997; Lonka &
Lindblom-Yl&nne, 1996) claimed that epistemological beliefs play an important
role in academically-related behaviours. In particular, such beliefs are viewed
as influencing the use of study techniques (Hofer & Pintrich, 1997). For example,
students who believe that the structure/content of knowledge consists of
unrelated pieces of information may use memorization as a study technique
instead of a “deeper” process such as elaboration or integration. It was found
that students who viewed science as stable and unchanging tended to
memorize scientific facts; in contrast, students who viewed science as dynamic
attempted to understand the information (Davis, 1997). Moreover, students who
believed that understanding was the best learning strategy performed better on
a final exam compared to students who believed memorization was the best
technique (Davis, 1997). Individuals who believed in quick, all-or-none learning
also used less effective problem-solving strategies in mathematics (Schoenfeld,
1983).

Another study examining the epistemological beliefs and learning
approaches of university students found that students who viewed knowledge
as a set of absolute truths in medicine were more likely to characterize learning

as a passive intake of information compared to students who had a
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constructivist idea of knowledge in psychology (Lonka & Lindblom-Yl&nne,
1996). The adoption of mastery- versus performance- oriented goals is also
related to epistemological beliefs (Braten & Stromso, 2004, 2006). Braten and
Stromso found that university students who believed that learning occurs quickly
were less likely to possess mastery objectives; similarly, university students who
believed that knowledge is stable and transmitted through authority had less
mastery-oriented goals. Hence, understanding the role of epistemological
beliefs is necessary for helping students to use effective learning strategies and
to achieve their academic goals.

Epistemological beliefs are tied to academically-related perceptions at
the middle school level (Klacyznski, 2000; Schommer-Aikins, Duell, & Hutter,
2005). For example, middle school students who believed that the ability to
learn is innate, and that learning occurs quickly underestimated the effort
needed to successfully problem-solve in mathematics, and for understanding
the usefulness of this domain (Schommer-Aikins et al., 2005). It was also found
that middle school students who held a belief in the uncertainty of knowledge,
the importance of scrutinizing their personal beliefs, and the need for logical
data analysis were able to subordinate their initial opinions concerning social
issues in order to evaluate information objectively (Klaczynski, 2000). Moreover,
these students were able to reduce reasoning biases and prevent their personal
opinions from becoming polarized (Klacyznski, 2000). These studies suggest that
students who developed more sophisticated epistemological beliefs tend to
have perceptions that are more amicable to learning and critical/logical
thinking than students who possess more naive beliefs.

At the high school level, epistemological beliefs are also related to
educational attitudes, performance, and grades. High school students who
believed that the ability to learn is innate were more likely to undervalue
education (Schommer & Walker, 1997). The less high school students believed in

quick learning, the higher academic scores they earned (Schommer, Calvert,
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Gariglietti, & Bajaj, 1997). After controlling for measured intelligence, the
strongest predictor of grade point average (GPA) by high school students was
the belief that learning occurs slowly or quickly; in other words, a higher GPA
score was tied to a stronger belief that learning happens gradually (Schommer,
1993).

At the university level, it was found that students who believed in simple
knowledge structures had more difficulty understanding mathematics
(Schoenfeld, 1983), scientific concepts (Songer & Linn, 1991), and foreign
languages (Horwitz, 1988). The belief that knowledge is either right or wrong by
university students was tied to poorer monitoring of one’'s comprehension (Ryan,
1984). University students who were less likely to believe in simple knowledge
structures performed better on a statistical comprehension task, which involved
a large amount of integration; furthermore, these students were more accurate
at assessing their comprehension level of the statistical text (Schommer, Crouse,
& Rhodes, 1992). Similarly, a belief in quick learning predicted lower text
comprehension by university students; in addition, “quick learning” beliefs were
tied to overestimating performance on the comprehension task by the students
(Schommer, 1990). A firmer belief in simple and certain (stable) knowledge
structures related to poorer performance on ill-defined tasks by university
students (Schraw, Dunkle, & Bendixen, 1995). Altogether, these research findings
point to the importance of epistemological beliefs—particularly, beliefs about
the structure of knowledge (information as simple/discrete versus
complex/integrated) and how quickly learning should occur (gradual versus
quick)—for university students.

Personal epistemology, like academic confidence, has not been
examined for how it relates to intelligence (IQ). However, two recent studies
(Trautwein & Ludtke, 2006; Weinstock, Neuman, & Glassner, 2006) suggested
that epistemological beliefs influence cognitive performance even when IQ

level is held constant. Trautwein and LUdtke (2006) found that a belief that
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knowledge is certain correlated significantly and negatively with IQ and final
school grade; furthermore, students high on certainty beliefs showed lower
academic achievement even when controlling for IQ. Weinstock, Neuman,
and Glassner (2006) also found a significant difference in IQ among students
with different epistemological levels. Specifically, students with an evaluativistic
view of knowledge (the belief that knowledge consists of subjective and
objective aspects that can be evaluated and integrated) and learning
demonstrated higher IQs than students with an absolutistic view of knowledge
(the belief that knowledge is objective and absolute); in turn, students with a
multiplistic view (the belief that knowledge is subjective and relative) had similar
IQs to those who were evaluativistic. These epistemological beliefs accounted
for the ability to identify informal reasoning fallacies even when controlling for
IQ. Hence, there is evidence to suggest that, in addition to IQ, conative
aptitudes such as epistemological beliefs can inform how individuals will perform
on cognitive tasks.

While two studies (Schommer, 1990; Schommer-Aikins, Duell, & Hutter,
2005) suggest a relationship between academic confidence and
epistemological beliefs, there has yet to be a study which examines how these
conative variables together predict academic performance. Therefore, the
purpose of the current study was to observe whether the relationship between
confidence and epistemological beliefs affect learning and performance within
the formal logic (syllogistic reasoning) domain, as they do in other academic
disciplines. Confidence may govern the extent to which epistemological beliefs
influence syllogistic reasoning performance or alternatively, epistemological
beliefs may determine how confidence influences syllogistic reasoning.

In order to investigate the effect of academic confidence and
epistemological beliefs on syllogistic reasoning performance, *“moderation” and
“mediation” pathway analyses were conducted. According to Baron and

Kenny (1996), a “moderator” significantly increases the predictor variable’s
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influence on a criterion variable while a *mediator” allows for a predictor
variable to influence the criterion variable. Hence, our goal was to pinpoint
whether academic confidence and epistemological beliefs acts as moderators
or mediators in explanatory models of syllogistic reasoning performance.

Since relevant literature does not provide information as to how
confidence and epistemological beliefs may work together to affect formal
logic reasoning, four possible relationships between these two variables were
investigated in the present study. By focusing on confidence and
epistemological beliefs as potential variables that predict how university
students perform on syllogistic tasks, we attempt to identify the possible
temporal ordering of these conative variables in formal logic reasoning. In furn,
we hoped that our findings could not only be used to improve instruction in
formal logic courses for university students but also the ways in which academic
performance is understood.

Methods

In this section, we describe: (a) the participants, (b) the study booklet
containing the syllogistic reasoning task and epistemological questionnaire, and
(c) administrative procedures for the study booklet.

Participants

Seventy-one students (37 males; 33 females; 1 unidentified) were recruited
to participate from a first-year course in formal logic at a large research-
intensive university in Canada. The mean age of students was 21.7 years with a
range of 18 to 37 years. For potential correlational analysis, we also collected
data regarding the number of mathematics, computer, and formal logic
courses taken by the students, and their expected grade for the course;
however, these were not included in the final analyses. At the end of the study,
students received $20 for their participation.

Materials and Procedures

17
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A study booklet containing (a) a syllogistic reasoning task, and (b) an
epistemological questionnaire was administered to the participants.
Syllogistic Reasoning Task

For the syllogistic reasoning task, participants were given three types of
questions that involved: (a) identifying from a set of five Venn diagrams, the
ones that correspond to a given quantified proposition, (b) determining whether
a set of two premises has a single representation or multiple representations, and
(c) identifying the necessary conclusion of a given syllogism from a list of five
potential statements. These questions were used to assess the participants’
understanding of categorical syllogisms.

Question set 1 (Venn diagrams). For the first set of questions (adapted
from Ceraso & Provitera, 1971), participants were given a quantified statement
or proposition (using the words or phrases “all”, “some”, “some...not", or “not”),
and asked to identify potentially five correct representations based on the
information presented in the proposition, and not on reality. For instance, one
question was “The proposition All Accountants are Beekeepers could refer to
which of the following relations” followed by five Venn diagrams (see Figure 1).

To obtain full points for this question, a participant had to identify the
correct representations by choosing the first and second diagrams and leaving
blank the other three. Partial points were given when some of the correct
diagrams were chosen and some of the incorrect diagrams were left blank. For
example, if a participant chose diagrams one, two, and three then he or she
received four points for correctly identifying diagrams one and two, and for
leaving blank diagrams four and five; however, a point was deducted for
choosing diagram three. Hence, the participant would receive a score of 80%
(4 out of 5) for this question. After each question, participants rated how
confident they were of their answer using a scale from 0 to 100 (0=no

confidence to 100=absolute confidence). Altogether, there were four questions
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with Venn diagrams measuring participants’ knowledge of quantifier
propositions.

Question set 2 (single representation vs. multiple representations). For the
second set of questions, participants were given two premises, for example
“Some Actors are Bankers, No Bankers are Consultants”, and asked whether it
supports a single possible representation or multiple possible representations.
Participants then rated how confident they were of their response (scale from O
to 100). These questions were scored dichotomously; that is, participants
received a one for the correct answer or zero for the incorrect answer.
Altogether, there were four questions in this format.

Question set 3 (necessary conclusion of a syllogism). The third set of
questions (adapted from Johnson-Laird & Bara, 1984) involved selecting a
necessary conclusion in response to a syllogism. For example, the participant
would select a conclusion for “Some Actors are Bankers, No Bankers are

Consultants” from the following statement options:

a. No Actors are Consultants

b. There is no necessary conclusion
C. All Actors are Consultants

d. Some Actors are Consultants

e. Some Actors are not Consultants

After selecting a conclusion, participants gave a confidence rating for their
response on a scale from 0 to 100. These questions were also scored
dichotomously. Altogether, there were three questions of this format.
Presentation of the set of syllogistic reasoning tasks and epistemological
questionnaire (described next) was counterbalanced to avoid an effect due to
ordering.
Epistemological Questionnaire

The epistemological questionnaire for undergraduate students was

designed to assess knowledge-related beliefs and learning preferences at the
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postsecondary level (Schommer, 1998). This questionnaire consists of sixty-three
items which are phrased such that higher scores denote less sophisticated
epistemological beliefs. Items with positive valences (28 items) reflect more
naive beliefs while items with negative valences (35 items) reflect less naive
beliefs about knowledge. Scores on items with negative valences were later
coded so that all sixty-three scores had positive valences. Students used a 5-
point rating scale (1=strongly disagree to 5=strongly agree) to choose how
much they agreed/disagreed with a particular item.

According to Schommer (1998) who designed the questionnaire, each
item belongs to one of 12 subsets, which were later used as variables in a factor
analysis (see Table 1). As an example, the subset *"AVOID INTEGRATION”
includes the items “You will get confused if you try to infegrate new ideas from a
textbook with knowledge you already have about a topic” (positive valence)
and “Areally good way to understand a textbook is to re-organize the
information according to your own personal scheme” (negative valence).
Similarly, the subset “SEEK SINGLE ANSWERS"” contains the items “Most words
have one clear meaning” (positive valence) and “You never know what a book
means unless you know the intent of the author” (negative valence).

Data collection and analysis. At the beginning of the 2006 academic
year, the investigators invited students, enrolled in the undergraduate logic
course, to participate in the study at the end of the term. During the final
examination period, students were given a consent form and the study booklet,
along with the final examination booklet. Students who were interested in
participating filled out the study booklet after the exam, and returned it to the
investigators along with the signed consent form. The investigators remained in
the lecture room to answer any study-related questions.

After data collection, we analyzed the results of the epistemological
questionnaire to determine whether our sample produced the same four beliefs

obtained in Schommer’s (Schommer, 1990; Schommer et al., 1992) research with
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undergraduate students. We then conducted moderation and mediation
analyses (Baron & Kenny, 1996) of (a) students’ epistemological beliefs, (b) their
level of confidence on the syllogistic reasoning task, and (c) their syllogistic
reasoning performance. As stated earlier, because of the lack of research on
the interrelationship between academic confidence and epistemological
beliefs, we were unable to rely on past research to determine which variable
should be designated as predictor, moderator, or mediator. Hence, we
conducted a set of analyses in which academic confidence and
epistemological beliefs were cast as moderators and mediators in explanatory
models of syllogistic reasoning performance.

First, we analyzed academic confidence as the predictor variable for
performance on the syllogistic reasoning tasks with epistemological beliefs as
the moderator variable. Second, we maintained academic confidence as the
predictor variable but designated epistemological beliefs as the mediator
variable. Third, we repeated the first analysis but assigned epistemological
beliefs as the predictor for syllogistic reasoning performance and confidence as
the moderator. Finally, we maintained epistemological beliefs as the predictor
but designated confidence as the mediator.

Results

In this section, we describe the factor analysis for the epistemological
beliefs, and the moderation and mediation analyses for the three variables of
interest.

Factor Analysis of the Epistemological Beliefs

According to Schommer’s (Schommer, 1990; Schommer et al., 1992)
research with undergraduate students, the sixty-three items, which fall into
twelve subsets, load onto four factors describing the extent to which students
believe in (a) certain knowledge, (b) simple knowledge structure, (c) fixed
ability, and (d) quick learning. In line with Schommer’s research, we used a

factor analysis (i.e., principal component analysis with orthogonal varimax
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rotation) to investigate the pattern of epistemological beliefs by our
undergraduate sample.

In the current study, we obtained four factors or constructs of
epistemological beliefs similar to those outlined in Schommer's research with
some variation. Such variation is not uncommon in empirical studies on
epistemological beliefs. For example, in one study (Schommer, 1990), the items
under the subset “ABILITY TO LEARN IS INNATE” loaded onto the factor for fixed
ability while in another study (Schommer et al., 1992) they loaded onto the
factor for quick learning. Similarly, the items under the subset “DON'T CRITICIZE
AUTHORITY"” loaded onto the factor for simple knowledge in one study
(Schommer, 1990) but loaded onto the factor for certain knowledge in another
study (Schommer et al., 1992). Hence, some variation may occur depending on
the participant sample. Table 2 shows how the subset dimensions loaded onto
the four factors or epistemological beliefs.

Because there was some variation between Schommer's and our current
sample, we used the epistemological beliefs from our data to investigate how
they may relate to academic confidence and performance on the syllogistic
reasoning task. By doing this, we wanted to maintain the psychological
structure of our sample’s epistemological beliefs. To reiterate, the results of our
study were obtained by first analyzing academic confidence as the predictor
variable with epistemological beliefs as the moderator and mediator. We then
analyzed the same data using epistemological beliefs as the predictor with
academic confidence as the moderator and mediator. For each analysis,
performance on the syllogistic reasoning task was the criterion variable.
Treating Academic Confidence as the Predictor

Our first set of model analyses designated confidence as the predictor
with epistemological beliefs as a moderator then as a mediator.

Epistemological beliefs as moderators. To determine whether confidence

is a potential predictor of syllogistic reasoning performance, first we conducted
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correlational analyses between each confidence measure and its
corresponding syllogistic reasoning measure (Barry & Kenny, 1986). As shown in
Table 3, the confidence measure for the second set of questions was positively
related to the performance measure for this question set (r=.32, p<.01) while the
confidence measure for the third set of questions was positively related to its
corresponding performance measure (r=.39, p<.01). The confidence measure
for the first set of questions was unrelated to its performance measure (r=.20,
p>.05).

As a reminder, the second set of questions required students to identify
whether two premises result in a single possible representation or multiple
possible representations while the third set of questions involved selecting the
necessary conclusion for the two premises from a list of five possible alternatives.
Finally, the first set of questions required students to identify Venn diagrams, in a
set of five representations, corresponding to a quantified premise. Because
neither moderation nor mediation can be present in the absence of a
significant correlation between the predictor and criterion, further analyses were
limited to the second and third set of questions of the syllogistic reasoning task.

According to Barry and Kenny (1986), moderation is indicated when the
interaction between a predictor variable and a potential moderator can be
shown to significantly increase the predicted variance of the criterion variable.
To check if epistemological beliefs are moderating the relationship between
confidence and performance on identifying a single representation or multiple
representations for a set of premises, hierarchical linear regression was
conducted. In the first step of the regression, performance on identifying single
or multiple representations was regressed onto confidence and epistemological
beliefs. This served to control for the predictor (confidence) and moderator
(epistemological beliefs). In the second step, single versus multiple
representation performance was regressed onto the interaction term

(confidence x epistemological beliefs). If the change in R is significant from the
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first step to the second, the interaction term is predicting a significant amount of
the variance in single versus multiple representation performance and
moderation can be said to exist (Barry & Kenny, 1986).

A hierarchical regression analysis was conducted for each factor of
epistemological belief (i.e., certain knowledge, simple knowledge, fixed ability,
and quick learning) to determine whether any of the epistemological beliefs
functioned as a moderator. Table 4 shows that a significant change in R2 was
not found for any of the beliefs. According to these results, none of the
interaction terms for each of the epistemological beliefs led to a significant
change in R2. Therefore, it appears that none of the epistemological beliefs
moderates the relationship between confidence and single versus multiple
representation performance.

In order to check if the four epistemological beliefs are moderating the
relationship between confidence and performance on selecting the necessary
conclusion for a set of premises, the same hierarchical regression analysis
described previously was performed with performance on selecting the
necessary conclusion functioning as the criterion. Table 5 shows that one type
of belief led to a change in R2.

According to these results, it appears that a belief that knowledge is
certain moderates the relationship between confidence and performance on
selecting the necessary conclusion. Figure 2 illustrates the moderation model
that can be constructed based on the above analyses.

Next we conducted a mediation analysis of epistemological beliefs for the
relationship between confidence as the predictor and performance on
selecting the necessary conclusion for a set of two premises.

Epistemological beliefs as mediators. To reiterate, moderation refers to an
interaction effect between two variables while mediation suggests that in the
absence of the mediator, the criterion outcome would not occur (Frazier, Tix, &
Barron, 2004).
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The first requirement to perform meditational analysis is to identify two
predictor variables that predict a common criterion variable. In this study the
two predictor variables of interest were confidence and epistemological beliefs.
As was shown in Table 3, confidence is related to performance on selecting the
necessary conclusion (r=.39, p<.01). If epistemological beliefs are mediating this
relationship, one of the four types of beliefs should correlate with selecting the
necessary conclusion performance. Table 6 shows the correlations between
epistemological beliefs and this syllogistic reasoning performance.

From Table 6, it is apparent that only the belief in simple knowledge
significantly correlates with selecting the necessary conclusion performance (r=-
24, p<.05). Therefore, mediation analyses were conducted to determine
whether the relationship between confidence and this kind of performance is
mediated by the belief that knowledge is simple.

According to Barry and Kenny (1986), statistical analysis for a continuous
predictor variable and a continuous mediator involves three regression
equations:

1. regress the mediator onto the predictor;

2. regress the criterion onto the predictor; and

3. regress the criterion onto both the mediator and the predictor.
To confirm mediation, the predictor must be related to the mediator in equation
1, the predictor must be related to the criterion in equation 2, and the mediator
must be held to the criterion in equation 3. If these conditions hold, the effect of
the predictor on the criterion in the third equation will be less than in equation 2.
Finally, although meeting the previously listed conditions results in a lower effect
of the predictor on the criterion, this effect must go from being significant to
being non-significant in order for complete mediation to be present. If the
effect of the predictor on the criterion remains significant after accounting for

the mediator, only partial mediation is said to exist. Table 7 shows the results
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from checking whether the belief that knowledge is simple meets the
requirements for mediation as defined by Barry and Kenny (1986).

Table 7 shows that all of the conditions for mediation have been met but
complete mediation has not been found; that is, while the effect of confidence
(as predictor) and the belief that knowledge is simple (as mediator) is lower in
step 3 (r=.35) than in step 2 (r=.39), the relationship between confidence and
selecting the necessary conclusion performance is still significant. Figure 3 shows
the path model that can be constructed based on these findings.

From Figure 3, it appears that confidence affects selecting the necessary
conclusion performance directly and indirectly through the belief that
knowledge is simple; however, the mediation effect is only partial between
confidence and selecting the necessary conclusion performance when belief
that knowledge is simple is placed “inbetween” the predictor and criterion
variables. We now look at the results for having epistemological beliefs as the
predictor and confidence as the moderator or mediator for logic performance.
Treating Epistemological Beliefs as the Predictor

In this set of analyses, confidence is investigated as a possible moderator
or mediator for the relationship between epistemological beliefs and logic
performance. Table 8 shows the correlations between each type of
epistemological belief and performance measure of the logic task.

From Table 8 it is clear that only the belief in simple knowledge relates to
performance on the questions requiring the identification of Venn diagrams for
a given quantified premise, and the identification of the necessary conclusion
for two premises of the logic task. Because neither moderation nor mediation
can be present in the absence of a main predictor effect, further analyses is
limited to the set of questions which required our participants to identify the
Venn diagrams, and necessary conclusion.

Confidence as a moderator. To check whether confidence is moderating

the relationship between the belief in simple knowledge and logic performance,
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hierarchical linear regression was performed. In the first step, logic performance
is regressed onto epistemological beliefs and confidence. In the second step,
logic performance is regressed onto the interaction term (confidence x
epistemological beliefs). If the change in R? is significant from the first step to the
second, the interaction term can be said to predict a significant amount of the
variance in logic performance and moderation is shown to exist. Table 9 shows
the change in R? after checking whether confidence moderates the relationship
between epistemological beliefs, and performance on identifying the Venn
diagrams, and the necessary conclusion.

According to these results, none of the interaction terms for each of the
confidence measures led to a significant change in R2. Therefore, it appears
that confidence does not moderate the relationship between the belief in
simple knowledge, and identifying the Venn diagrams or the necessary
conclusion performance. Next, we looked at confidence as a potential
mediator between simple knowledge beliefs and identifying the Venn diagrames,
and necessary conclusion performance.

Confidence as a mediator. As demonstrated previously, the first
requirement for conducting meditational analysis is to identify two predictors
that predict the same criterion. In this study, the two predictors are confidence
and epistemological beliefs. As was shown in Table 8, the belief in simple
knowledge correlated significantly with performance on identifying the Venn
diagrams and the necessary conclusion (r=-.420, p<.01, and r=-.237, p<.05,
respectively). If confidence is mediating these relationships, the correlation
between confidence and performance for each set of questions should be
significant. As was shown in Table 1 above, confidence did not predict
performance on identifying Venn diagrams (r=.204, p>.05) while confidence did
predict performance selecting the necessary conclusion (r=.389, p<.01).
Therefore, mediation analysis can be done to investigate whether confidence

mediates the relationship between the belief in simple knowledge and the
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ability to select the necessary conclusion that logically follows from two premises
for a given categorical syllogism.

As was the case in the previous set of analyses, when confidence acted
as the predictor, in order to confirm mediation, the predictor must predict the
mediator (equation 1 in step 1), the predictor must affect the criterion (equation
2 in step 2) and the mediator must affect the criterion (equation 3 in step 3). If
these conditions hold and the correlational value of the third equation is non-
significant, then mediation is confirmed. Table 8 shows the results from analyzing
whether confidence meets the requirements for mediation as set out by Barry
and Kenny (1986).

Table 10 shows that all of the conditions for mediation have been met
and complete mediation was found. Figure 4 shows the path model that can
be constructed based on these findings.

From Figure 4, it is clear that the belief that knowledge is simple affects
performance on selecting the necessary conclusion only indirectly through
confidence. Hence, confidence is a mediator of the relationship between
epistemological beliefs (i.e., simple knowledge) and selecting the necessary
conclusion performance.

Discussion

The need for further investigation into the unique conative aptitudes that
students bring to the formal logic domain led us to examine the potential effects
of academic confidence and epistemological beliefs on categorical syllogistic
reasoning. Through moderation and mediation analyses, we found that these
aspects do influence syllogistic reasoning but in different ways.

Two path models depict how confidence and epistemological beliefs
together influence syllogistic reasoning: (1) belief in certain knowledge
moderates the relationship between confidence and reasoning, and (2)
confidence mediates the relationship between belief in simple knowledge and

reasoning. Moderation analyses uncover an interaction between two variables
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which predicts a criterion outcome. In the current study, we found that students
with higher confidence levels and more sophisticated certainty beliefs predict
greater reasoning scores. Students with lower confidence levels and more naive
certainty beliefs predict poorer reasoning scores. Finally, individuals with higher
confidence levels and more naive certainty beliefs, and individuals with lower
confidence levels and more sophisticated certainty beliefs predict intfermediate
reasoning scores.

Mediation analyses uncover a mechanism (mediator variable) through
which a predictor variable causes a criterion outcome. For the present study,
we found that confidence significantly mediates between a belief in simple
knowledge and logic performance. Students who believe less in simple
knowledge perform better on the logic task due to their higher level of
confidence or self-efficacy beliefs. Similarly, students who believe more in
simple knowledge perform worse on the logic task due to lower level of
confidence.

For both the moderation and mediation models, confidence and
epistemological beliefs only affected performance on questions involving the
selection of necessary conclusions. These questions were the most difficult since
students had to understand the relationship between two quantified premises in
order to derive the necessary conclusion. In other words, for this set of questions,
students were actually performing categorical syllogistic reasoning. In contrast,
questions with Venn diagrams were the least difficult since participants were
required to understand one quantified premise (e.g., “All Accountants are
Beekeepers”). Questions involving single versus multiple representations were
intermediate in difficulty since participants needed to identify whether two
premises had a single representation or multiple representations. Hence, we
found that conative processes significantly affected performance for the

difficult set of questions. In other words, confidence and epistemological beliefs

oy



Role of Academic Confidence and Epistemological Beliefs

may be most critical when students are faced with actually solving categorical
syllogisms.

The finding that epistemological beliefs of our undergraduate students
somewhat varied from those of Schommer’s students needs to be addressed.
This variation may suggest that the students have different underlying constructs
of epistemological beliefs. If we recall that for our sample the belief in certain
knowledge consisted of items from the subsets “seek single answers” and
“depend on authority”, it may be that our students did not have a belief in
certain knowledge per se but rather a belief in seeking single answers. The
belief in simple knowledge by our students, however, may continue to be
interpreted as such since the subsets could still be argued to reflect a construct
of “simple knowledge” belief (i.e., “avoid integration”, “avoid ambiguity”,
“knowledge is certain”, *don't criticize authority”, and “learning is quick™). The
finding that epistemological beliefs may slightly or significantly differ depending
on the sample implies that further research needs to be done on what
constitutes “epistemological beliefs” (for example, personal epistemology may
differ based on gender, culture).

In general, the results of our study suggest that, as educators, we need to
be aware that conative aptitudes (in addition, to cognitive ones) can
significantly influence whether students learn and perform optimally within the
formal logic domain. While teaching formal logic concepts, rules, and
procedures is important, it is also critical to help students develop higher levels of
self-confidence and more sophisticated epistemological beliefs. As our study
reveals, conative aptitudes become important when students engage in more
complex tasks. Through similar kinds of research, we would like to help students
do well in their formal logic courses at the university level. Furthermore, we

would like to see students utilize their acquired logic skills in their daily lives.
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Table 1

Role of Academic Confidence and Epistemological Beliefs

Factors or Beliefs, Subset Dimensions, and Number of Items (Schommer, 1990)

Factor or belief

Subset dimension (sample item)

Number of items

Certain knowledge

Simple knowledge

Fixed ability

Quick Learning

KNOWLEDGE IS CERTAIN (“Truth is unchanging.”)

AVOID INTEGRATION (“You will get confused if you fry to
integrate new

ideas from a textbook with knowledge you already have
about a fopic.”)

AVOID AMBIGUITY (“It is annoying to listen to a lecturer who
cannot seem to make up his mind as fo what he really
believes.”)

DON'T CRITICIZE AUTHORITY (“People who challenge
authority are over-confident.”)

DEPEND ON AUTHORITY (“Whenever | encounter a difficult
problem in life, | consult with my parents.”)

SEEK SINGLE ANSWERS (“Most words have one clear
meaning.”)

ABILITY TO LEARN IS INNATE (“The ability to learn is innate.”)

SUCCESS IS UNRELATED TO HARD WORK (“The really smart
students don't have fo work hard to do well in school.”)

LEARN THE FIRST TIME (“Almost all the information you can
learn from a textbook you will get during the first reading.”)

CAN'T LEARN HOW TO LEARN ("Self-help books are not
much help.”)

CONCENTRATED EFFORT IS A WASTE OF TIME (“If a person
tfries too hard to understand a problem, they will most likely
end up being confused.”)

LEARNING IS QUICK (“If you are ever going to understand
something, it will make sense to you the first fime you hear

11

3!



Role of Academic Confidence and Epistemological Beliefs 3¢

it.")




Role of Academic Confidence and Epistemological Beliefs  3;

Table 2

Four Factors or Beliefs, Subset Dimensions, and Factor Loadings

Factor or belief  Subset dimension Factor loading
Certain DEPEND ON AUTHORITY 76
knowledge

SEEK SINGLE ANSWERS 75
Simple AVOID INTEGRATION .69
knowledge

AVOID AMBIGUITY 76

KNOWLEDGE IS CERTAIN 43

DON'T CRITICIZE AUTHORITY 77

LEARNING IS QUICK 61
Fixed ability ABILITY TO LEARN IS INNATE va

SUCCESS IS UNRELATED TO HARD WORK .77

Quick learning LEARN THE FIRST TIME .66
CAN'T LEARN HOW TO LEARN 82

CONCENTRATED EFFORT IS A WASTE OF .81
TIME




Table 3

Correlations between Confidence and Performance on Venn Diagrams, Single

Role of Academic Confidence and Epistemological Beliefs

and Multiple Representations, and Necessary Conclusions

Predictor

Criterion

Correlation (r)

Confidence on Venn
diagrams

Confidence onsingle
and multiple
representations

Confidence on
necessary
conclusions

Performance on Venn
diagrams

Performance on single
and multiple
representations

Performance on
necessary conclusions

204

319**

389**

*0<.05, **p<.01
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Table 4
Moderation Analysis of Epistemological Beliefs for the Relationship between

Confidence and Performance on Single and Multiple Representations

Moderator R? change

Belief that ability is fixed .000

Belief that knowledge is
simple .001

Belief that learning is quick  .013

Belief that knowledge is
certain .001

*0<.05, **p<.01
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Table 5
Moderation Analysis of Epistemological Beliefs for the Relationship between

Confidence and Performance on Necessary Conclusions

Moderator R? change
Belief that ability is fixed .005

Belief that knowledge is simple .001

Belief that learning is quick .000

Belief that knowledge is certain 119**

*0<.05, *p<.01
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Table 6

Correlations between Epistemological Beliefs and Performance on Necessary

Conclusions
Correlation with
Mediator performance on
necessary
conclusions
Belief that ability is fixed 0.169

Belief that knowledge is simple -0.237*
Belief that learning is quick 0.034

Belief that knowledge is certain 0.103

*0<.05, **p<.01



Role of Academic Confidence and Epistemological Beliefs 47

Table 7
Standardized Regression Coefficients for Belief that Knowledge is Simple as

Mediator between Confidence and Performance on Necessary Conclusions

Step  Step
Mediator Step1 2 3
Belief that knowledge is
simple -.352*%  389** .349**

*0<.05, **p<.01



Table 8

Role of Academic Confidence and Epistemological Beliefs

Correlations between Epistemological Beliefs and Performance on Venn

Diagrams, Single and Multiple Representations, and Necessary Conclusions

Predictor Correlation Correlation with  Correlation with
with performance on performance on
performance single and necessary
on Venn multiple conclusions
diagrams representations

Belief that ability is fixed -.160 -.169 169

Belief that knowledge is -.420** -.075 -.237*

simple

Belief that learning is quick -.185 -.160 034

Belief that knowledge is -.052 -.086 103

certain

*0<.05, **p<.01
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Table 9
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Moderation Analysis of Confidence for the Relationship between the Belief in

Simple Knowledge, and Performance on Venn Diagrams, and Necessary

Conclusions

Moderator

Criterion R? change

Confidence on Venn
diagrams

Confidence on necessary
conclusions

Performance on Venn
diagrams .000

Performance on necessary .001
conclusions

*0<.05, **p<.01
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Table 10
Standardized Regression Coefficients for Confidence as a Mediator for the
Relationship between Belief in Simple Knowledge and Performance on

Necessary Conclusions

Step  Step
Mediator Step1 2 3

Confidence on necessary  -.352** -237* -114
conclusions

*0<.05, **p<.01
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Figure 1. Example of question with Venn diagrams.

e

A = Accountants
B = Beekeepers
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Figure 2. Moderation model for the belief that knowledge is certain with
academic confidence as the predictor and syllogistic reasoning performance

(selecting the necessary conclusion) as the criterion.

Predictor Criterion

variable variable
(Academic (Syllogisﬂc
confidence) reasoning)
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variable
(Belief that
knowledge is
certain)
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Figure 3. Partial mediation model for belief that knowledge is simple with
academic confidence as the predictor and syllogistic reasoning performance

(selecting the necessary conclusion) as the criterion.
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Figure 4. Mediation model for academic confidence with the belief that

knowledge is simple as the predictor and syllogistic reasoning performance

(selecting the necessary conclusion) as the criterion.
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