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Assessing Gains in Science Teaching Self-Efficacy After Completing
an Inquiry-Based Earth Science Course

Kyle Gray'?

ABSTRACT

Preservice elementary teachers are often required to take an Earth Science content course as part of their teacher education
program but typically enter the course with little knowledge of key Earth Science concepts and are uncertain in their ability to
teach science. This study investigated whether completing an inquiry-based Earth Science course for preservice elementary
teachers improved their self-efficacy beliefs toward science teaching using the Science Teaching Efficacy Belief Instrument
(STEBI-B). The results were compared against the number of years the students had been undergraduates. All students
improved their science teaching self-efficacy (including the freshmen) but only the juniors and seniors experienced significant
gains in outcome expectancy. The observed gains in self-efficacy were likely due to increases in cognitive content mastery—
the process of successfully learning new material, and the gain in outcome expectancy were probably influenced by the
number of field experiences within their teacher-education program. Geoscience departments should, therefore, offer inquiry-
based Earth Science content courses designed specifically for preservice elementary teachers to improve their self-efficacy and
content knowledge, thus, meeting the needs of this critical student population. © 2017 National Association of Geoscience

Teachers. [DOL: 10.5408/14-022.1]
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INTRODUCTION

Many geoscience departments offer content courses
specifically designed for preservice elementary teachers.
These students often avoid science courses (Rice and
Roychoudhury, 2003), enter our classes with little back-
ground in geoscience (Tosun, 2000b), and feel unqualified to
teach Earth Science concepts (Plourde, 2002), yet many of
them will become the first science teachers our children
encounter. The importance of this issue is exacerbated by the
increased role of the geosciences (Wysession, 2012) in the
Next Generation Science Standards (NGSS) (NGSS Lead
States, 2013). Therefore, it is imperative that preservice
elementary teachers not only learn geoscience concepts but
also feel comfortable with teaching the subject matter.

Self-efficacy is defined as one’s confidence toward
completing a given task (Bandura, 1977), and during the
past 4 decades, educational researchers have applied this
construct to various aspects of teacher education. High levels
of teacher self-efficacy have been linked to improved student
learning (Ross, 1992; Caprara et al., 2006) and teacher job
satisfaction (Brouwers and Tomic, 2000; Caprara et al., 2006).
Teachers who have a strong sense of self-efficacy also persist
longer when working with students who struggle academ-
ically (Gibson and Dembo, 1984) and are open to innovative
pedagogies (Ghaith and Yaghi, 1997; Tschannen-Moran et
al., 1998). In this light, it is imperative that those geoscience
educators who work with preservice teachers establish a
curriculum that both addresses student-content needs and
fosters improved teacher self-efficacy. This study investigat-
ed the effect of an inquiry-based, Earth and Space Science
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content course on science-teaching self-efficacy among
preservice elementary teachers.

LITERATURE REVIEW

Self-efficacy is a perception that is not dependent on
one’s actual ability to achieve the stated task (Bandura,
1984). This means it is possible for someone to believe that
they can achieve a given task yet be incapable of doing so.
We observe such behavior in the classroom when students
believe they earned a high grade on an exam yet actually
received a low score. Given that self-efficacy is an internal
belief, it can only be measured by asking the participant to
evaluate their own ability and cannot be externally observed
or measured.

Self-efficacy is also context dependent and domain
specific (Pajares, 1996; Klassen et al., 2011). Because
judgments of self-efficacy are directly tied to task achieve-
ment, researchers must clearly define which actions the
participants are being evaluated for. Pajares (1996) noted
that a balance must be struck between assessing an ill-
defined sense of general self-efficacy and investigating the
construct on such a microscopic level that the results lose all
practical meaning,.

Sources of Self-Efficacy

Bandura (1977) cited four sources that affect a person’s
self-efficacy beliefs. Two sources center on successful
completion of the target task. During mastery experiences
(called performance accomplishments by Bandura), a person
actively engages in the target task and experiences success,
but during vicarious experiences, the person watches a third
party successfully complete the target task. The remaining
sources focus on factors that motivate a person to
successfully complete a given task. Verbal persuasion consists
of spoken encouragement by a third party, whereas
emotional arousal occurs when a person’s emotions strongly
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influence his or her ability to compete the given task.
Research on the relative strength of these four constructs
consistently show that mastery experiences hold the greatest
influence on self-efficacy with vicarious experiences, verbal
persuasion, and emotional arousal contributing a small or
nonsignificant influence on self-efficacy (Bandura, 1997;
Mulholland and Wallace, 2001; Britner and Pajares, 2006;
van Dinther et al, 2011). It is hypothesized that, after
successfully completing a task, students reevaluate their
attitudes toward the target subject and adjust their confi-
dence toward that task (Usher and Pajares, 2008). However,
positive experiences alone do not guarantee improvements
in self-efficacy. Students must cognitively process those
experiences in light of personal and environmental factors
(Britner and Pajares, 2006), and cultural and social factors
may also influence the level to which mastery experiences
improve self-efficacy (Usher and Pajares, 2006, 2008).

More recently, Palmer (2006b) argued that preservice
teachers tap into additional forms of mastery experiences
that in turn influence the student’s science teaching self-
efficacy. He defined cognitive content mastery as “mastery
experiences in understanding new content” (p. 339) and
cognitive pedagogical mastery as learning new ways to teach a
given topic. Research on the relative strengths of these
additional sources of self-efficacy suggests that both
cognitive content mastery and cognitive pedagogical mastery
directly improve student self-efficacy toward teaching, with
cognitive pedagogical mastery being the most influential
(Palmer, 2006b; Bender, 2007, Bautista, 2011; Zundans-
Fraser and Lancaster, 2012). These findings suggest that
learning new science content can improve teaching self-
efficacy, and the findings are consistent with other studies
that found a strong relationship between content knowledge
and teacher self-efficacy (Muijs and Reynolds, 2002; Cantrell
et al, 2003; Palmer et al, 2015). Given that many
undergraduate students have had limited Earth Science
experiences in their K-12 education (Tosun, 2000b) and are
apprehensive toward teaching Earth Science (Plourde, 2002),
learning new material in this subject may greatly influence
their teaching self-efficacy.

Self-Efficacy and Science Content Courses

Most studies on science-teacher self-efficacy have
focused on students enrolled in courses on science teaching
methods near the end of their undergraduate program
(Watters and Ginns, 1995; Huinker and Madison, 1997;
Palmer, 2006b; Bleicher, 2009; Bautista, 2011). In contrast,
few studies have investigated the influence of undergraduate
courses in science content on science-teaching self-efficacy
(Posnanski, 2007; Avery and Meyer, 2012; Palmer et al,
2015). Other studies have found that preservice teachers
who complete more undergraduate science courses possess
higher levels of science-teaching self-efficacy (Enochs and
Riggs, 1990; Ramey-Gassert et al., 1996). Luera and Otto
(2005) assessed gains in self-efficacy for students taking
three inquiry-based, science-content courses and found that
self-efficacy did not significantly increase until students had
completed two such courses. However, other studies have
not found a link between science-content courses and self-
efficacy (Tosun, 2000b; Morrell and Carroll, 2003; Bleicher
and Lindgren, 2005). One possible explanation may lie in
how those courses were taught. Morrell and Carroll (2003)
compared the levels of self-efficacy of students taking a
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science methods course to students taking lecture-based
content courses and found that the students taking the
lecture courses did not improve their science-teaching self-
efficacy, whereas both Posnanski (2007) and Luera and Otto
(2005) found that science content courses built on a
constructivist pedagogy did improve student science-teach-
ing self-efficacy.

More recently, several studies have investigated courses
that mix lecture and inquiry-driven pedagogies. Palmer et al.
(2015) found that students improved their science-teaching
self-efficacy after taking a lecture-based course with a
weekly tutorial comprising hands-on activities, and Baldwin
(2014) found the same for a traditional lecture course with a
laboratory section designed specifically for preservice teach-
ers. However, Avery and Meyer (2012) included open-ended
laboratory investigations with lectures and found that nearly
one-third of their students did not improve their self-
efficacy.

Despite this clear connection between science-teaching
self-efficacy and the number of undergraduate science
courses, caution must be taken when attributing the
observed gains to the number of science courses taken. For
example, the Morrell and Carroll (2003) data on science-
content courses came from freshmen and sophomore
preservice teachers, but data from methods assessed juniors
and seniors. Similarly, Baldwin (2014) aggregated the
students as a single group even though they ranged from
freshmen to juniors. As will be discussed below, the number
of science courses may correlate with the number of years a
student has been at a university. Freshmen are unlikely to
have more than one prior course, and seniors have had more
opportunities to complete additional science courses. Studies
on self-efficacy that include the student university year as a
variable are rare. Aydin and Boz (2010) found that seniors
hold slightly greater self-efficacy beliefs than do freshmen,
sophomores, or juniors, and Bayraktar (2011) found that
seniors held significantly greater self-efficacy beliefs than did
freshmen.

However, when taken together, all these studies on the
link between content courses and self-efficacy found that
hands-on, inquiry-based courses were more likely to
improve student self-efficacy than were straight lecture and
traditional “cookbook” confirmatory laboratories. These
studies illustrate the need for science-content courses to
address the issue of self-efficacy among preservice elemen-
tary teachers, especially in light of those students often
entering our classes with low science-teaching self-efficacy,
which, in turn, motivates them to avoid teaching science as
in-service teachers (Palmer, 2006a)

Preservice Teachers in Geoscience Courses

Within the geosciences, few studies have investigated
the relationship between Earth Science content courses and
improvements in science-teaching self-efficacy, but the
results generally indicated that taking undergraduate geo-
science-content courses improved self-efficacy. A few
studies (Posnanski, 2007; Slater et al., 2008; Gosselin et al.,
2010; Baldwin, 2014) have reported improvements in self-
efficacy after students took geoscience courses that used a
constructivist pedagogy. Posnanski (2007) also found that
self-efficacy did not improve for those students who
completed traditional, lecture-based courses. Finally, Stone
(2016) analyzed open-ended responses, from 54 students
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who also participated in the study reported here, and found
that students taking an inquiry-based content course
attributed their level of self-efficacy to their content
knowledge. Furthermore, these students cited an increase
in content knowledge as a major factor in their improved
self-efficacy beliefs.

PURPOSE

Even though self-efficacy is a well-studied construct,
there still remains a lack of studies from science content
courses. Studies such as Luera and Otto (2005) did not
collect data from preservice teachers when they were
taking a science course but, rather, collected data from a
science-methods course. Others such as Morrell and
Carroll (2003) did collect data from preservice teachers
taking a science course, but only collected data from
traditional lecture courses and did not include data from
inquiry-based, content courses specifically designed for
preservice teachers.

Within the geosciences, a few studies have assessed
student self-efficacy when they were taking content
courses, but a gap remains in understanding the effect of
such courses on self-efficacy. Slater et al. (2008) collected
data from an inquiry-based science course for preservice
teachers, but the course only covered concepts in astron-
omy, and changes in self-efficacy were not reported.
Gosselin et al. (2010) described a professional-development
workshop for in-service teachers that included seven
preservice teachers. It is not known whether those seven
students had taken any science-content courses before the
study. Students, reported on in Baldwin (2014), completed
a traditional introductory geology course with a laboratory
section specifically designed for preservice elementary
teachers. Lastly, Posnanski (2007) investigated the effect
of a reformed Earth Science content course on student self-
efficacy, but the small sample size (n = 49) resulted in
insufficient power to confidently detect the observed effect
sizes. In addition, it is not known whether those students
had completed any other undergraduate science-content
courses, and it appears that the course used as the
treatment in that study included 3 h of lecture and 2 h of
laboratory. This is in contrast to the course taught in the
current study, which was taught entirely in a laboratory
setting, with minimal lecture. Although studies like these
suggest that Earth Science content courses using reform-
minded pedagogies do improve teacher self-efficacy, the
literature is lacking in data to verify that claim, especially
when compared with the numerous studies that consis-
tently demonstrate the relationship between science
teaching-methods courses and gains in science-teaching
self-efficacy. Furthermore, a gap exists concerning the
effect that other undergraduate science content courses
may have on student self-efficacy. Put another way, do
students who have taken several undergraduate science
content courses show the same gains in self-efficacy as
students who have completed few or no science courses?
The purpose of this study was to fill this gap by collecting
self-efficacy data within an undergraduate course and
comparing the results to the number of science courses
that the students had previously competed.
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RESEARCH METHODS
Study Context

Since the late 1980s, the University of Northern Iowa
has offered science-content courses specifically designed for
elementary education majors. These courses have evolved
from activity-based to inquiry-based curricula that empha-
size process skills and best teaching practices. These are not
methods courses but do address best teaching practices by
modeling hands-on, student-centered, science teaching
from a constructivist perspective. We currently offer three
such courses that cover content in life science (Inquiry into
Life Science), physical science (Inquiry into Physical
Science), and Earth/Space science (Inquiry into Earth and
Space Science [LESS]). All elementary and early childhood
majors are required to complete this three-course sequence.
Initially, iESS was an optional course to obtain a teaching
license, but the state of lowa has mandated that, starting in
2015, all applicants for a K-8 teaching license must include
science content in physical, life, and Earth/space science
(Iowa Board of Educational Examiners, 2011). Consequently,
an Earth Science course, such as iESS, is now required for
all students majoring in elementary education and early
childhood education. Because of this policy change, the class
demographics shifted in the fall of 2013 from predominately
freshmen and sophomores to predominately juniors and
seniors. To meet this increased demand for Earth Science
courses, elementary education and early childhood educa-
tion majors can also take one of the three lecture-based
introductory Earth Science courses offered by the Earth
Science Department; however, few students have taken
those courses.

Each section of LESS meets for 5 h/wk, and enrollment
is capped at 28 students to ensure significant teacher—
student interactions. Lectures are kept to a minimum, and
students work with in collaborative groups to complete a
series of conceptually based, guided-inquiry projects and
activities. For example, in the unit on groundwater, the
students develop a class-wide protocol for calculating the
porosity of various Earth materials (sand, gravel, sand +
gravel, and clay), make predictions for each material, and
develop a protocol to determine the porosity of each
material. When the sand and gravel yielded similar results,
students developed an explanation for that discrepant event
and discussed their explanations with the class as a whole.
As a follow-up activity, the students were presented with a
scenario of a contaminated monitoring well to reinforce the
concept of rapid groundwater flow via poorly consolidated
sediment. Through such activities, students personally
interacted with a variety of Earth and Space concepts that,
in many cases, involved analysis of real-world data. Such an
approach was similar to that described by Posnanski (2007)
but did not include an open-ended inquiry component, such
as the one used by Avery et al. (2012). Even though TiESS is
not a methods course, the lessons in the course modeled
teaching practices that are consistent with recent reform
initiatives, such as the NGSS (NGSS Lead States, 2013), and
connections between this course and K-12 education were
regularly made. Such an approach aligns with calls to
support science-teacher self-efficacy by including construc-
tivist pedagogies in content courses (Schoon and Boone,
1998; Bleicher and Lindgren, 2005; Liang and Richardson,
2009) and supports the goals taught in the science methods
courses.
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The subjects covered in this course were originally
aligned with Iowa’s core standards for K-5 elementary
science classes (lowa Department of Education, 2012) and
included material from astronomy, geology, and meteorol-
ogy. With lowa’s recent adoption of the NGSS, we are in the
process of revising [iESS to align with those new standards.
Students interested in teaching middle-school or upper-
elementary science are encouraged to earn a basic science
minor, which includes a second Earth and Space Science
content course that expands upon the concepts taught in
[ESS and introduces new concepts more typical of a middle-
school or high-school course.

Research Questions

Given the predominance of studies on science-teaching
self-efficacy that report data from science methods courses,
and the paucity of data from science content courses, this
study sought to answer the following research questions
within the context of iESS.

1. Does the science-teaching self-efficacy of preservice
elementary teachers improve after taking an inquiry-
based Earth Science content course?

2. Does science-teaching self-efficacy significantly vary
according to the student’s undergraduate year
(freshman, sophomore, etc.) after taking an inquiry-
based Earth Science content course?

3. Does the number of undergraduate science content
courses affect the science-teaching self-efficacy of
preservice elementary teachers after taking an
inquiry-based Earth Science content course?

Data Instruments

For this study, I used the Science Teaching Efficacy Belief
Instrument (STEBI-B) (Enochs and Riggs, 1990; Riggs and
Enochs, 1990) to measure science teaching self-efficacy. This
instrument contains 23 statements using a five-point Likert
scale, which ranges from strongly disagree to strongly agree.
Each statement asks participants to rate their confidence
toward various activities associated with teaching science.
The STEBI-B is written for preservice teachers, so all
responses are written in future tense, and results are scored
by assigning one point for a strongly disagree response to five
points for strongly agree and then adding the scores together
to obtain a total self-efficacy score that ranges from a low of
23 to a high of 115. Ten of the 23 questions are worded such
that a person with a high level of self-efficacy would select
strongly disagree, so answers to those questions must be
reverse-coded before scoring.

The STEBI-B is divided into two subscales. (See Table I
for sample questions from each subscale.) Thirteen questions
assess Personal Science Teaching Efficacy (PSTE), which is
the belief in one’s ability to teach science. Possible scores on
the PSTE scale range from a minimum of 13 to a maximum
of 65. In most studies, pretest scores are in the mid- to
upper-40s (Morrell and Carroll, 2003; Posnanski, 2007;
Liang and Richardson, 2009), and posttest scores are in the
low- to mid-50s (Bleicher, 2009; Bautista, 2011), although
several studies have reported posttest scores in the high 40s
(Watters and Ginns, 1995; Tosun, 2000b; Finson, 2001). The
remaining 10 questions measure Science Teaching Outcome
Expectancy (STOE), which is the understanding that good
teaching practices directly influence student learning.
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TABLE I: Sample questions from the STEBI-B arranged by
subscale.

Personal Science-Teaching Efficacy

I know the steps necessary to teach science concepts
effectively

I will typically be able to answer students” science questions

When a student has difficulty understanding a science concept, I
will usually be at a loss as to how to help the student
understand"

Science Teaching Outcomes Expectancy

The teacher is generally responsible for the achievement of
students in science

When a student does better than usual in science, it is often
because the teacher exerted a little extra effort

Increased effort in science teaching produces little change in
students’ science achievement

"Note: Questions in italics are examples of items that must be reverse coded
before scoring.

Possible scores on the STOE subscale range from a
minimum of 10 to a maximum of 50 points and published
results typically range from the low to upper 30s (Watters
and Ginns, 1995; Bleicher and Lindgren, 2005; Bautista,
2011) with a few studies reporting scores in the 20s (Cantrell
et al., 2003; Mulholland et al., 2004) or 40s (Lumpe et al.,
2000; Gosselin et al., 2010).

Studies using the STEBI-B consistently report significant
gains in PSTE for students taking science teaching-methods
courses (Huinker and Madison, 1997; Bleicher and Lindgren,
2005; Bautista, 2011) and inquiry-based content courses
(Luera and Otto, 2005; Posnanski, 2007; Palmer et al., 2015)
but not from lecture-based, science-content courses (Morrell
and Carroll, 2003; Posnanski, 2007). Morrell and Carroll
(2003) also noted that results from the STEBI-B might
contain a ceiling effect because students with high PSTE
pretest scores have less room for improvement than do
students who score low on the pretest. In contrast, results
from the STOE subscale are mixed. Several studies have
found no significant improvement after completing a science
content course (Utley et al., 2005; Bleicher, 2009; Liang and
Richardson, 2009). Those studies that have reported
significant gains in STOE have only come from science
methods courses (Finson, 2001; Bautista, 2011). Luera and
Otto (2005) have noted that STOE is resistant to change and
suggest that factors beyond science content knowledge affect
that construct.

Both subscales were demonstrated to be valid and
reliable by Enochs and Riggs (1990) with Cronbach’s-a of
0.90 (PSTE) and 0.76 (STOE). Subsequent studies have
reported similar values (Bleicher and Lindgren, 2005;
Bayraktar, 2011, Palmer et al., 2015). Bleicher (2004)
reanalyzed the STEBI-B and found that rewording two
questions improved the overall reliability of the STOE
subscale. That revised instrument was used in this study.
The data from this study were consistent with published data
for PSTE (0.80) but was low for STOE (0.63).

Since its introduction, the STEBI-B has been widely used
to measure preservice science teacher self-efficacy (Ginns et
al., 1995; Cakiroglu et al., 2005; Schoon and Boone, 1998;
Tosun, 2000a; Gencer and Cakiroglu, 2007; Hechter, 2011). It
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has also been successfully implemented in a variety of
international settings, including Australia (Mulholland and
Wallace, 1996, 2001; Mulholland et al., 2004), South Africa
(Kiviet and Mji, 2003; Mji and Kiviet, 2003), Turkey (Tekkaya
et al., 2004; Cakiroglu et al., 2005; Gencer and Cakiroglu,
2007), Denmark (Andersen et al., 2003), Jordan (Wesah,
2012), and Singapore (Ng, 2011). In all cases, the STEBI-B
has proven to be a valid and reliable instrument across these
varied populations and has yielded similar results; however,
Cakiroglu et al. (2005) noted that cultural differences might
explain observed differences in STEBI-B scores. These
findings suggest that the STEBI-B is a robust instrument
with a high degree of validity and reliability that can be
applied in a variety of settings.

Data Collection and Analysis

Between fall 2011 and spring 2014, students enrolled in
[iESS completed the STEBI-B during the first and final weeks
of each semester. Besides data on self-efficacy, the students
provided demographic data and informed consent. The
results were tabulated into a spreadsheet and analyzed using
the SPSS v.21 statistical software package (IBM Corporation,
Armonk, NY).

Given that some studies have identified a positive
relationship between the number of undergraduate science
courses taken and science-teaching self-efficacy (Ramey-
Gassert et al., 1996; Bleicher, 2004; Luera and Otto, 2005), it
is possible that any observed gains in self-efficacy were due
to differences in the number of undergraduate science
courses completed by the students before taking LESS. To
address that issue, the students listed the number of
undergraduate science courses they had completed before
that semester, and those data were included in the overall
analysis.

Furthermore, it could be argued that gains in self-
efficacy were generated by experiences in teacher education
courses, such as a science methods course and not from
experiences in [iESS. Elementary education majors at the
University of Northern lowa are required to complete a four-
level professional sequence. Each level requires in-class field
experiences that begin with basic observations (Level I),
creating and teaching a lesson (Level II), developing and
implementing a short unit (Level III), and student teaching
(Level IV). Levels I-III require more than 80 h of in-class
teaching experience, and students must have completed all
required courses before they can become student teachers,
and the Level III experience includes a week-long immersion
experience. Given that program, students enrolled in [IESS
would not yet have begun their student-teaching experi-
ences. Typically, students complete Level I during their
freshman or sophomore year and Level III during their
senior year, just one semester before student teaching. Level
Il courses include both a science methods course and a
week-long immersive teaching experience, during which,
the students are absent from any other university courses
(such as IiESS). Direct data on which level each student had
completed would have led to a more-robust study; however,
it should be noted that few students (typically zero but no
more than two) completed their Level III field experience
each semester. Given the lack of students with a week-long
absence, it is very likely that few students in this study had
completed a methods course. Therefore, student undergrad-
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uate year (freshman, sophomore, etc.) was used as a proxy
for progress through the teacher education program.

Data analysis consisted of within-subjects, repeated-
measures, mixed analysis of variance (ANOVA) (Stevens,
2009), with the number of undergraduate science courses as
the between-subject, independent variable and scores on the
two STEBI-B subscales as the dependent variables. Within-
subject designs combine the data collected multiple times
from all participants rather than analyzing the differences
between a pretest and posttest. Such an approach is
preferable to a one-way ANOVA because participant self-
efficacy is measured more than once, which reduces
measurement error (Stevens, 2009). The repeated-measures
design treats time (the pretest and posttest answers to the
STEBI-B) and individual students as independent variables
(Weinfurt, 2000), thus, providing a method for assessing
growth in self-efficacy for the entire class rather than
comparing self-efficacy scores between two or more groups.
The results reported below consist of within-subjects
analyses that assessed whether scores on the STEBI-B varied
with student undergraduate year, and subsequent between-
subjects analyses then assessed whether students from
different undergraduate years yielded different scores on
the STEBI-B. Additional post hoc analyses further assessed
whether each measure varied between the pretest and
posttest. With all of these analyses, the level of significance
was set at p = 0.05.

To account for the Morrell and Carrol (2003) ceiling
effect, individual student normalized-gain scores (Hake,
1998) were evaluated against both independent variables
using a one-way ANOVA. Many authors calculate those
normalized gain scores from course- or group-level data and
use the results to describe the magnitude of change between
student groups (Hake, 2002; Lunsford, 2004; Kortz et al.,
2008). Others have conducted inferential statistics on
normalized gains calculated for individual students (Cheng
et al., 2004; Coletta and Phillips, 2005; Knight and Wood,
2005) Recently, Marx and Cummings (2007) adjusted Hake’s
formula to minimize negative outliers in the data by
calculating negative gains differently than positive gains.
This new metric (called normalized change) is a nonlinear
function and, therefore, cannot be compared using inferen-
tial statistics. Given the need to compare normalized gains
among groups of students, Hake’s original formula was
used.

The results from this study also contained sufficient
power to detect medium to large effect sizes. Cohen (1988)
defined the effect size for a t-test (called the d-value) as the
mean difference divided by the standard deviation of the
sample and provided estimates for values of d corresponding
to small (0.20), medium (0.50), and large (0.80) effect sizes.
Thus, d measures the number of standard deviations that
separate the two means. As reported below, the 180 students
included in this study provided sufficient data for analysis,
and the tables provided by Cohen indicate that setting the
power at 0.80, with a sample size of 180 students, allowed
detection of effect sizes larger than 4 = 0.29.

RESULTS
Demographics

Between fall 2011 and spring 2014, 189 students enrolled
in eight sections of Inquiry into Earth and Space Science
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TABLE II: Number of participants in each university year.'
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University Year

Semester Section n Freshman Sophomore Junior Senior
Fall 2011 1 26 15 5 2 4

2 25 14 5 3 3
Spring 2012 1 22 3 15 4 0
Fall 2012 1 26 13 3 9 1

2 20 2 7 3
Fall 2013 1 21 5 8 6

2 21 3 9 6
Spring 2014 1 19 5 3 5
Totals 180 64 43 45 28

'Note: Data from Spring 2013 not available.

(iESS), consented to participate in this study and provided
all required data. Nine of those students were excluded from
the study, even though they provided a complete suite of
data. One student had already graduated with a bachelor’s
degree, and six students had completed more than two
undergraduate science courses. Those seven students were
demographic outliers and provided an insufficient sample
size to create an additional category for any subsequent
analysis. An inspection of the normalized gain scores
revealed that two students had outlying gain scores of
—275 and —300, each of which were more than 10 z-scores
below the mean, whereas the data from the remaining
students produced gains that were less than 4 z-scores from
the mean. Very low normalized gain scores occur when a
student scores very high on the pretest but much lower on
the posttest. Including the two students with anomalous
normalized gain scores changed the significance of all
subsequent analyses, and they were, therefore, removed
from the study. However, removing any additional students
did not noticeably alter the final results, so only students
with normalized gain scores less than —100 were removed.
The resulting data pool consisted of 180 students from nine
sections (Table II), who were predominately female (92%)
and less than 24 y old (98%). Most (60%) were freshmen or
sophomores; however, in fall 2013, the number of juniors
and seniors were higher than their younger counterparts
(Table II). This shift in demographics corresponded to an
increased demand for the course generated by changing
state licensure requirements (Cervato et al., 2013).

For the number of previous science courses, most
freshmen and sophomores had completed few courses,
whereas juniors and seniors had completed at least one
course. Almost half of the students in the study (42%) had
never taken an undergraduate science course, but 72% of
those students were freshmen and 82% were freshmen or
sophomores. In contrast, only 22% of the students had
completed one science course (65% were freshmen or
sophomores) and 36% had completed two courses. Of the
64 students who had competed two science courses, 18 were
sophomores and one was a freshman. The exact nature of
those other science courses is not known, but given that all
elementary education majors were required to complete
both Inquiry into Life Science and Inquiry into Physical
Science, it is likely that these other courses were inquiry-
based content courses designed for this student population

rather than traditional lecture courses. However, it cannot be
ruled out that some of the students in this study completed a
lecture-based course from another institution. This conclu-
sion is also consistent with anecdotal observations made by
instructors from all three inquiry courses.

None of the 180 students in this study provided data on
their progress through the teacher education program;
however, the 61 students from the 2013-2014 academic
year did provide such information. Those students were
predominately juniors or seniors (61%) who had taken two
science courses (53%). However, only one student had
completed a science methods course before taking LiESS,
and two students took their methods course concurrently
with [iESS. This suggests that, unlike most studies that used
the STEBI-B, the students in this study had not completed a
science methods course. Even though these students
represent only 34% of the sample population, this trend is
consistent with observations from the previous sections,
especially given that earlier sections had higher percentages
of freshmen and sophomore students.

Other demographic variables, such as sex, parent
education, or high school size, did not yield significant
differences across any of the study’s dependent variables,
and no systematic differences were observed between those
students included in this study and those that were excluded.
In addition, preliminary repeated-measures, mixed AN-
OVAs found no significant difference between course
section and PSTE [Fz172 = 1.15, p = 0.332] or STOE
[F7172y = 0.88, p = 0.527]. The lack of any significant
differences between sections suggested that the data were
uniform over the length of the study and could be
aggregated for all subsequent analyses.

Overall Changes in Self-Efficacy

Before comparing the results from the STEBI-B to the
two research questions, the results were analyzed for all 180
participants combined (Table III). Mean student PSTE scores
were between 29 and 61 on the pretest and were 32-64 on
the posttest. A PSTE score of 39 represented the midrange
score on this scale and corresponded to answering all
questions with the midpoint not sure value. Very few
participants scored below that threshold (pretest = 29,
posttest = 11), with five students scoring low on both
occasions. The mean increase of 4.0 points was significant,
with a moderate effect size [t¢, 1799 = 10.96, p < 0.001, d =
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TABLE III: Mean pretest, posttest, and normalized gain values for PSTE and STOE compared with student undergraduate year.

Pretest Posttest Paired t-Test' Normalized Gain®
Undergraduate Year Mean SD Mean SD 4 d Mean SD
Personal Science Teaching Efficacy (PSTE)
Freshman 448 6.6 49.9 4.9 <0.001 0.88 20.8 25.0
Sophomore 45.4 5.9 49.2 51 <0.001 0.68 16.9 24.7
Junior 46.4 6.6 49.6 6.6 <0.001 0.49 16.1 27.0
Senior 46.0 7.0 49.3 7.7 0.002 0.46 17.2 29.3
All students 45.6 6.5 49.6 5.9 <0.001 0.65 18.1 26.0
Science Teaching Outcome Expectancy (STOE)
Freshman 37.1 3.7 375 3.5 0.353 — -11 26.3
Sophomore 35.0 3.4 35.1 4.4 0.837 — 0.5 19.6
Junior 34.8 3.6 35.9 3.9 0.021 0.30 6.3 20.4
Senior 34.9 5.1 37.1 4.9 0.001 0.45 13.0 21.6
All students 35.7 4.0 36.5 4.2 0.001 0.18 3.3 23.0

IStatistically significant p-values are in bold (p < 0.05).
*Normalized-gain values calculated using the formula from Hake (1998).
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FIGURE 1: Mean pretest, posttest, and normalized-gain
scores for the STEBI-B compared with student under-
graduate year. Normalized-gain scores used the formula
from Hake (1998). Significance of the paired t-tests for
each undergraduate year is indicated by the p-values.

0.65]. The associated normalized-gain scores (Hake, 1998)
ranged from 83.3 to 75.0, with 33 students earning a negative
score, and an overall increase of 18.1%.

For STOE, the scores ranged from 25 to 48 on the pretest
and 27 to 49 on the posttest. Eight students scored below the
midrange STOE score of 30 on the pretest, but 13 scored
below that value on the posttest. Four of the students with
low pretest scores also scored low on the posttest, and two
additional students scored 30. Across all students, the STOE
score only improved by 0.8 points, although a two-tailed,
paired t-test found that small increase significant but with a
very small effect size, which was below the detection limits
of this study [tp,1799 = 3.33. p = 0.001, d = 0.19]. The
normalized-gain scores ranged from 52.2% to —87.5%, with
65 students earning negative scores, but overall, the student
scores improved by 3.3%.

The two independent variables in this study (university
year and number of prior science courses) significantly
correlated (p < 0.001, r = 0.600) with one another, which
suggests that both variables may be measuring progress
through the university and teacher education system. The
results from the STEBI-B were compared against both
variables, but the results for university year provided a
clearer understanding of the observed variations than did the
number of prior science courses. For that reason, the data and
conclusions for university year are presented below. The
STEBI-B data and results compared against the number of
science courses are presented in the supplemental materials
(available in the online journal at http://dx.doi.org/10.5408/
14-022s1).

Self-Efficacy and Undergraduate Year

The results comparing PSTE to student undergraduate
year (Fig. 1 and Table III) indicate that all four groups of
students improved their scores, with the freshmen and
sophomores showing slightly larger gains than the juniors
and seniors had. The within-subjects, repeated-measures,
mixed ANOVA tested whether students who had been in
school longer experienced different gains in PSTE and
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produced no significant difference among students from
different undergraduate years [F3176) = 1.60, p = 0.192]. The
between-subjects analysis compared PSTE values among the
different years of schooling and also found no significant
differences [F3176) = 0.17, p = 0.918]. Like the results for the
number of science courses, there was a significant difference
between the pretest and posttest PSTE scores [F1176) =
101.96, p < 0.001, ngartia1:0.367], and paired t-tests indicated
that students from all grade levels produced significant
gains. The effect sizes for these gains decreased with time in
school, with the freshmen posting the largest gain and effect
size and the seniors showing the smallest gain and effect
size. The normalized data yielded a similar trend. The
freshmen had the largest raw and normalized gains, and a
one-way ANOVA showed that the normalized gains were
not significantly different among students from different
undergraduate years [F17¢) = 0.36, p = 0.784].

The STOE data (Fig. 1 and Table III) revealed that the
freshmen and sophomores had minimal increases in
outcome expectancy with sophomores posting lower pretest
and posttest scores than the freshmen. By contrast, the
juniors and seniors gave similar pretest scores, but produced
higher posttest scores. In addition, the pretest scores were
highest for the freshmen and declined to a near constant
level for the sophomores, juniors, and seniors. The posttest
scores were also high for the freshmen and lower for the
sophomores, but scores improved for the juniors and
seniors. Both the within-subjects [F(1176) = 3.440, p =
0.018, ngamalzo.OSS] and between-subjects [F 176 = 4.152,
p = 0.007, néartia1:0.066] analyses found significant differ-
ences in STOE scores among the four grade levels. Similarly,
the pretest and posttest values were significantly different
[Fa1,176) = 15.918, p < 0.001, néartia1:0.083], but unlike PSTE,
not all students showed significant gains. Paired t-tests
demonstrated that outcome expectancy did not significantly
improve for either the freshmen or sophomores but did
significantly improve for the juniors and seniors, with the
seniors posting a larger effect size than the juniors had
(Table III). In addition, pairwise Bonferroni post hoc analyses
for the combined pretest and posttest scores found that the
freshmen scored significantly higher than the sophomores (p
= 0.012) and juniors (p = 0.040) did. The normalized gains
clearly show that trend, with the freshmen scoring the
lowest (a negative score) and the seniors scoring the highest.
A one-way ANOVA detected a significant difference [F(3176)
=299, p = 0.033] in those normalized-gain scores, but the
Bonferroni post hoc analyses found that the scores among
students from different years were not significantly different,
except when comparing the freshmen to the seniors (p =
0.041, d = 0.58).

DISCUSSION

The results from this study indicate that taking an
inquiry-based, Earth Science content course can improve
both student PSTE and STOE; however, the magnitude of
that improvement varies as students progressed through
their undergraduate years. As noted above, the correlation
between university year and number of science courses
strongly suggests that both variables measured changes in
the same construct. Therefore, the following discussion
centers on the relationship between university year and both
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PSTE and STOE; a brief discussion on the number of science
courses taken is available in the supplemental materials
(available in the online journal at http://dx.doi.org/10.5408/
14-022s1).

Overall Changes in Self-Efficacy

The significant increases indicated by the paired t-tests
and between-subjects analyses indicate that students taking
the LESS course improved both their science-teaching self-
efficacy (PSTE) and their outcome expectancy (STOE). The
moderate effect size for PSTE and double-digit normalized
gain suggests that the student self-efficacy improved while
taking the course, but the small effect size and the
normalized gain for outcome expectancy suggest that
students experienced little or no gain in that construct. As
discussed below, this lack of meaningful significance may be
driven by the observed differences between freshmen and
seniors.

Changes in PSTE

The significant increases in PSTE scores from pretest to
posttest indicate that these students left the course with
greater confidence about teaching science but the lack of a
significant difference in the within-subjects analysis indicates
that those differences were uniform regardless of one’s year in
school. The significant differences in the paired t-tests and
moderate to large effect sizes suggest that the observed gains
in self-efficacy did, in fact, occur and were not an artifact of
the instrument. Those gains were similar in magnitude to
published results from upper-level science-methods courses
and indicate that the students taking the iESS course made
similar gains to upper classmen taking a science-methods
course. In addition, the fact that these gains were similar
across all four university years suggests that the observed
increase came from student experiences in this course, rather
than from their teacher-education courses (Huinker and
Madison, 1997; Morrell and Carroll, 2003; Moseley and Utley,
2006). That was especially true for those freshmen who took
LESS during the fall of their freshmen year. However, the
scores were lower in magnitude than many published results,
which often report mean posttest scores in the low 50s (Liang
and Richardson, 2009; Settlage et al.,, 2009; Bautista, 2011).
The lower scores from this study most likely stem from the
fact that many of the students were freshmen or sophomores
and had just begun their teacher education program. The
normalized gains further support this conclusion. The lack of
any significant difference between different years indicates
that the students from all levels experienced similar gains.
This suggests that the improved PSTE values were a result of
this course and not a result of experiences in methods or
teaching field experiences. Even though the exact number of
teaching experiences for each students is not known, it is
highly unlikely that the freshmen had completed any
experiences, and it is highly likely that the seniors had started
the teacher-education courses. The nonsignificant results for
both the raw data and the normalized gains further validate
the conclusion that students of all ages improved their science
self-efficacy.

As discussed below, freshmen had the greatest gains in
PSTE, so it is possible that the observed differences in effect
size were due to factors related to the freshman experience.
More research is needed in this area to determine the
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contribution made by taking additional science courses to
student PSTE.

Changes in STOE

Unlike the data for PSTE, not all students taking an
inquiry-based content course improved their STOE scores.
The minimal gains by freshmen and sophomores contrasted
with the significant gains by the juniors and seniors. The
gains by the upperclassmen contrasted with the results from
other studies that found no gain in outcome expectancy after
completing a science content course (Posnanski, 2007; Liang
and Richardson, 2009; Baldwin, 2014) but aligned with
studies that assessed juniors and seniors taking a science
methods course (Finson, 2001; Bleicher and Lindgren, 2005;
Bautista, 2011). The observed trend is best explained by the
experiences those students brought to LESS. Gains in
outcome expectancy are generally attributed to direct
teaching experiences within a school setting (Ginns et al.,
1995; Cantrell et al., 2003; Bleicher, 2007). The minimal raw
gains by the freshmen and sophomores may reflect their lack
of experience teaching in an actual classroom, whereas the
juniors and seniors had multiple opportunities in their Level
I 'and Level II courses to experience the complex dynamics of
teaching. This is consistent with the known demographics of
the participants. Of the 61 students with known levels with
the teacher education program, 42% of the freshmen and
sophomores (10 of 24) had not yet taken any education
courses, whereas only 5% (2 out of 37) of the juniors and
seniors had not yet started that program. Similarly, only one
freshman or sophomore had completed his or her Level II or
III field experiences, but 22 of the juniors and seniors (59%)
had done so. Even though these numbers represent only
one-third of the total sample, they yielded the same results
as the larger sample and support the claim that few
freshmen and sophomores had completed more than their
Level I observations.

The freshmen had larger pretest scores than the other
groups had and larger posttest scores than all but the
seniors. These findings are similar to those of Aydin and Boz
(2010), who suggested that freshmen had not yet experi-
enced the difficulties of teaching. It is likely that a similar
dynamic occurred with the students taking LESS. The
freshmen (especially those in the fall semesters) had not
yet taken any education courses, so their responses were
more likely dictated by their youthful exuberance over
starting a new chapter in their lives, rather than an accurate
estimation of the teaching abilities or what it takes to
succeed as a teacher.

Using Normalized Gain to Assess Self-Efficacy Beliefs

This study used the Hake (1998) normalized-change
metric to account for possible ceiling effects (Morrell and
Carroll, 2003), and the results accurately illustrated the
changes in student self-efficacy and outcome expectancy.
However, caution should be used when applying normal-
ized change to student-attitude data, such as the STEBI.
First, the formula for normalized change can generate
negative outliers. If care is not taken, including these values
will alter the conclusions from the study. In this investiga-
tion, a cutoff threshold of —100 was selected because that
roughly corresponded to four standard deviations from the
mean; however, data from other studies might find that
that value too low. Using the Marx and Cummings (2007)
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normalized change metric would solve that problem, but
the discontinuous nature of their formula limits its use. The
second reason for caution relates to the original intent of
the formula. Most studies use normalized change to
evaluate how well their students learned key course
concepts (e.g., Cheng et al., 2004; Kortz et al.,, 2008), and
those studies often use a standardized instrument, such as
the Force Concept Inventory (FCI) (Hestenes et al., 1992).
In this situation, most student scores would be expected to
improve; after all, that is the purpose and goal of teaching.
Coletta and Phillips (2005) found that fewer than 2% of the
2,735 students they assessed produced negative normalized
gain scores. By contrast, 33 students (18.3%) had negative
normalized PSTE gains and 65 students (36.1%) had
negative normalized STOE gains in this study. The high
percentage of negative scores was likely due to the nature
of the STEBI. Studies on the use of personal response
systems in science lecture courses have consistently found
that 5%-6% of students give incorrect responses after
initially providing correct answers (Crouch et al, 2001;
Steer et al., 2009). They attributed those decreases in
learning to guessing or random data entry. The few
negative scores on such instruments as the FCI probably
had a similar source; however, unlike the FCI, the STEBI
measures student beliefs about their own teaching ability,
so negative values cannot be explained by random error.
After all, there are no incorrect responses on a belief
instrument, so the negative gain scores indicate a decrease
in a student’s belief in his or her ability to teach. In this
case, it may be likely, although uncommon, that students
experienced a large decline in self-efficacy over the course
of a semester (especially for freshmen or sophomores).
Therefore, using normalized gain to evaluate data from
instruments like the STEBI will likely result in a large range
of scores, including negative scores, which can unduly
influence any inferential statistics. The lesson learned is
that normalized-gain scores can be used in this context but
with caution and attention to the magnitude of negative
values.

Sources of Observed Changes in Self-Efficacy

Prior studies from methods courses have credited
positive teaching experiences (mastery experiences) for
observed increase in self-efficacy (Posnanski, 2007; Bautista,
2011). It is unlikely that is the reason for the increases in
PSTE observed in this study. Many of these students were
freshmen and sophomores, who were just beginning their
teacher education courses and had very few in-class teaching
experiences. In fact, for the fall semesters, the freshmen were
just a few months removed from high school, so it seems
unlikely that those students would have engaged in
significant classroom teaching over the course of their first
semester on campus. It is far more likely that the students
improved their science-teaching self-efficacy because they
better understood concepts they had not learned in high
school. This conclusion agrees with the Stone (2016)
qualitative study that found that students taking the iESS
course attributed their improved self-efficacy to gains in their
Earth Science content knowledge. It is likely that those
students entered the course knowing very little about Earth
Science topics and left the course with a better understand-
ing of geology, meteorology, and astronomy.
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The Palmer (2006b) cognitive content mastery theory is
a more likely source for the observed increases in PSTE.
From that perspective, the students improved their self-
efficacy through positive learning experiences of new
content material rather than from having positive experi-
ences mastering the art of teaching, which may be especially
true for an Earth Science course such as IiESS because
students often enter the course with little or no formal
training in Earth Science (Tosun, 2000b). Stone (2016) found
that those students often cited the newfound knowledge as a
major reason for improving their self-efficacy. It is possible
that the Earth and Space subject matter covered in this
course was new to the students, so they may have derived
greater perceived satisfaction from the course, which led to
significant increases in self-efficacy.

IMPLICATIONS FOR TEACHING

The results from this study have several implications
related directly to preparing preservice elementary teachers.
First, the findings from this study align with comments by
Wenner (2001) and Bender (2007) that preservice elementary
teachers greatly benefit from science content courses that
use a constructivist/inquiry pedagogy rather than traditional
lectures. This case is further strengthened by studies from
methods courses that include a significant content compo-
nent (Palmer, 2006b; Liang and Richardson, 2009), and
others who have called for content courses to explicitly
address issues related to self-efficacy (Schoon and Boone,
1998) and pedagogy (Hechter, 2011). Geoscience depart-
ments should consider offering inquiry-based content
courses designed explicitly for preservice elementary teach-
ers. Only in such courses can instructors weave issues such
as pedagogy and self-efficacy with content material. Doing
so not only improves the content knowledge of these future
teachers but also makes them better prepared to teach
science in the classroom.

A second implication from this study is the link between
science content courses for preservice elementary teachers
and adoption of reform-minded pedagogies. Numerous
studies have documented that people teach the way they
were taught, which is often via lecture, confirmatory
laboratory courses, and “busy work” (Stuart and Thurlow,
2000; Phelps and Lee, 2003; Choi and Ramsey, 2009). These
attitudes are carried into teacher-education programs and
beyond. Breaking that cycle requires multiple experiences
with inquiry teaching beyond a well-planned methods
course. Content courses such as [iESS can support methods
courses by providing an additional layer of experiences in
which the students learn firsthand the utility of this
pedagogy (Weld and Funk, 2005). By embedding sound
teaching practices within a science-content course, preser-
vice teachers are shown both the effectiveness of inquiry
teaching as well as the methods needed to teach in that
manner. Subsequent methods courses can then build on the
context provided by these earlier experiences.

This study has demonstrated that significant growth in
student self-efficacy toward teaching science can be fostered
in content courses as well as in methods courses. In addition,
the results from this study suggest that taking multiple
science courses does not significantly improve self-efficacy.
Yet this study took place within the context of an Earth
Science course, so further research is needed to clarify
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whether similar gains in self-efficacy would occur in a
physical or life science course or whether students make
incremental gains after taking more than one course.
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