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Two motivational factors—self-efficacy and interest—may be especially relevant to deepening students’
understanding of astronomy. We examined the relationship between students’ self-efficacy for, interest in
learning about, and changes in their knowledge of stars, as measured by the Star Properties Concept
Inventory (SPCI). Approximately 700 undergraduate students taking introductory astronomy responded to
surveys at the start and end of their semester-long course. A sequential multiple regression analysis showed
that self-efficacy post explains an appreciable percentage of variance in SPCI posttest scores, more than
twice the percentage explained by all the pretest variables (SPCI, self-efficacy, and interest) combined.
Knowledge and self-efficacy improved significantly over instruction; interest did not. Follow-up analyses
revealed that instructors whose classes increased in self-efficacy also had the greatest increases in
knowledge scores. Interviews with these instructors suggest they provide their students with more
opportunities for mastery experiences with elaborated, performance-related feedback, as well as strong
positive verbal persuasion and vicarious experiences through peer instruction. Through increased
understanding of the relationship between motivational constructs (e.g., self-efficacy, interest) and
knowledge, we can both improve our models and better inform instruction.
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I. INTRODUCTION

As college science courses are reconceptualized to better
facilitate student understanding, researchers and instructors
are paying increased attention to the motivational factors
that impact both (a) the initial acquisition and construction
of knowledge and (b) the reconstruction of knowledge from
naïve to more sophisticated ideas (often referred to as
conceptual change). Research on knowledge change, in
particular, began by assuming a primarily rational, cogni-
tive approach, but has grown to include a variety of
motivational constructs [1–3]. One of these constructs,
self-efficacy, is a person’s perception of his or her capability
to carry out the actions required to accomplish a given task
[4]. Self-efficacy is thought to be domain or even task
specific [5,6], thus research on self-efficacy in a variety of
domains is warranted. Another motivational construct
addressed in some conceptual change models is interest.
Sometimes equated to a sense of curiosity about a topic,

interest can impact attention, goals, and learning; see
Ref. [7] and references therein. Self-efficacy and interest
can affect a student’s engagement with a topic and, when
high, may facilitate conceptual change [1].
Beginning with the cognitive reconstruction of knowl-

edge model (CRKM) [1], which posits that motivational
factors could have a strong influence on knowledge change,
we specifically examined self-efficacy and interest as two
motivational factors that may have particular relevance in
the astronomy classroom. To characterize self-efficacy, we
rely on Bandura’s [8] social cognitive theory; for interest,
we base the construct on Hidi and Renninger’s [7] model of
interest development.
To date, little research has been conducted on self-

efficacy or interest, or their impacts on changes in knowl-
edge, within astronomy [9–11]. Undergraduate astronomy
provides a unique context in which to investigate these
topics: It is taken by many students across the U.S. [12],
including a large fraction who may become teachers in the
future [13]. Astronomy is often taken by nonscience majors
to satisfy broad science requirements [14,15], perhaps more
so than some other fields such as physics or chemistry. The
broad applicability across university students is an impor-
tant aspect for science education research, as the implica-
tions may hold promise in other disciplines as well. A core
concept within astronomy is stars—they are the building
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blocks of stellar systems and of galaxies and are among the
most commonly included topics in an astronomy syllabus
[16], thus providing a relevant and popular topic for study.
The present study was designed specifically to look at

the interaction of self-efficacy, interest, and knowledge
about the topic of stars. Although we have used knowledge
reconstruction (i.e., conceptual change) as a theoretical
basis for the selection of the variables self-efficacy and
interest, these factors are important in learning situations
involving simple construction of knowledge, and also a
combination of knowledge construction and reconstruction.
We therefore begin with a review of the relevant conceptual
change literature that informs our work, before continuing
with self-efficacy and interest within astronomy education.
We next describe the methods of the present study,
followed by the results, discussion, limitations, and con-
clusions (including future research and implications).

II. BACKGROUND

In this section we will identify and discuss the back-
ground research relevant to our study. First we discuss the
three pertinent constructs (conceptual change, self-efficacy,
and interest) by exploring the terms and then discussing
each in the context of astronomy education research. We
next address the use of concept inventories as a measure of
knowledge change in astronomy. This is followed by a
discussion of instructional strategies in astronomy that have
been designed or used to elicit knowledge change.

A. Conceptual change

Educators have long been concerned with students’
naïve conceptions about scientific content, and more
specifically, how we can help students move from naïve
ideas to a more robust scientific understanding. Conceptual
change is often involved in this transition of understanding.
Conceptual change researchers investigate, among other
things, various change processes, the factors that influence
the degree to which change occurs, and the instructional
methods and environments that facilitate change [17].

1. Cognitive reconstruction of knowledge model (CRKM)

Conceptual change models initially incorporated only
rational, cognitive processes [18]; such models were later
referred to as “cold conceptual change.” These models
stated or implied the change process involved active
engagement by the learner. Specifically, the learner would
explicitly compare existing understanding to a new idea
and choose between them. Criticisms of such models, and
subsequent revisions, demonstrated that conceptual change
may not occur in an explicit manner [19–21]. Pintrich et al.
[2] described how motivational and affective constructs
could affect a student’s ability to undergo conceptual
change. This started a “warming trend” [3] because

researchers consider motivation and affect to be extra-
rational (i.e., “hot”) constructs.
Dole and Sinatra [1], in response to the call for the

inclusion of hot constructs, developed the CRKM, combin-
ing elements of conceptual change models from cognitive
psychology, science education, and social psychology. The
CRKM posits that conceptual change is influenced by far
more than previous models had included, identifying five
major potential factors. The first factor is characteristics of
the learner’s prior conceptions—what is it that she already
knows? The extent to which a prior conception is robust
(i.e., how strong it is, how coherent it is, and the learner’s
commitment to it) will influence the likelihood of con-
ceptual change. The second factor is a learner’s motivation
to change. The CRKM includes multiple motivational
constructs, including the learner’s dissatisfaction with their
prior conceptions, the social context in which the potential
conceptual change may take place, the learner’s need for
cognition, and the personal relevance of the issue. Dole and
Sinatra [1] consider self-efficacy and interest to be critical
components of personal relevance.
The third major factor relates to the characteristics of the

message itself, i.e., the newconception that is to be learned.A
new conception is unlikely to take hold if it is not compre-
hensible to the learner; likewise, it should be coherent and
plausible. Additionally, the message should be rhetorically
compelling (“convincing and persuasive”; [1], p. 120). These
learner andmessage characteristics interact with one another
but are filtered through the fourth major factor: the level of
cognitive engagement with which the learner interacts with
the message. Finally, a peripheral cue (the fifth major factor)
may further influence the learner’s cognitive engagement, in
either a positive or negative manner. Peripheral cues, as
described in prior research and maintained in the CRKM,
might include “an attractive, credible, or trustworthy source;
…a pleasant context… a simple message that [students]
understand easily” [1], (p. 117).
The factors described by Dole and Sinatra [1] interact in a

dynamic manner; unlike some other models, the conceptual
change process is understood here to be nonlinear. Dole and
Sinatra also acknowledge that the motivation factor, in
particular, may be broader than what they describe.
Pintrich et al. [2], in their description of hot conceptual
change, indicate they “believe that, in terms of individual
conceptual change in the classroom,… the actual content of
students’ theories and models is influenced by personal,
motivational, social, and historical factors” (p. 170), and
include self-efficacy and personal interest as two of these
factors. Before we turn to a discussion of self-efficacy and
interest, we will look at the treatment of conceptual change
within our selected subject of astronomy.

2. Conceptual change in astronomy

Astronomy has been used as a context for conceptual
change research for more than 20 years; see, e.g.,
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Refs. [21–23] and references therein. Many of these studies
have taken place within elementary classrooms with
relevant topics, such as the cause of the day-night cycle,
apparent motions of celestial objects, and lunar phases.
Research on conceptual change in undergraduate
astronomy is growing, though it often uses a different
approach than the K–12 investigations [10]. For example,
research at the undergraduate level has focused on the
development and testing of specific assessments, such as
concept inventories, to measure knowledge change [24–27]
or on using such assessments to compare the results of
different instructional strategies [28–32].
Most conceptual change studies in undergraduate

astronomy, such as those described above, take the cold
conceptual change approach, largely based on the con-
ceptual change model proposed by Posner et al. [18], rather
than warmer models such as the CRKM [1]. The explora-
tion of different CRKM learner and message characteristics
is an active research area in education, but inquiries into
motivational constructs (such as self-efficacy and interest)
within astronomy are rare. Studies addressing these issues
in an introductory general education college course are
nearly nonexistent, and to our knowledge, no study has
addressed both of these constructs in this context in the
same study [10]. Thus, there is a need to explore how the
findings of prior research regarding the importance of
motivational constructs play out in tertiary astronomy
courses.
Existing research in other contexts provides some

evidence that instructional interventions designed to foster
conceptual change may concurrently impact motivational
and affective factors as well as knowledge. For example,
Broughton et al. [33] found that 5th and 6th grade students
demonstrated shifts in both emotion and conceptual under-
standing about Pluto’s reclassification following a targeted
intervention. Likewise, Cordova and colleagues [34,35]
found that in addition to conceptual change, undergraduate
education majors exhibited changes in self-efficacy and
confidence about that knowledge following an intervention
about the cause of seasons. Although these studies offer
evidence that motivational beliefs may shift after an
instructional intervention, we know of no research that
has investigated changes in self-efficacy and interest
simultaneously within the context of undergraduate
astronomy. The next two sections will further describe
each of these facets and discuss their presence in astronomy
education research.

B. Self-efficacy

1. Defining self-efficacy and its sources

Bandura’s [36] behavioral theory states self-efficacy “is
the conviction that one can successfully execute the
behavior required to produce” specified effects (p. 193).
High self-efficacy can guide a person toward putting effort
into certain activities, whereas low self-efficacy can lead

individuals to avoid activities they do not believe they are
capable of doing. Subsequently, high self-efficacy may lead
to greater cognitive engagement, which Dole and Sinatra
[1] suggest is a mediator between the learner, the message,
and the degree of conceptual change.
What factors can cause changes (particularly improve-

ments) in self-efficacy? Bandura [4] discusses four main
sources of self-efficacy: (a) mastery experiences, (b) vicari-
ous experiences, (c) verbal persuasion, and (d) physiologi-
cal and affective states. Bandura considered mastery
experiences—the actual successful completion of tasks—
the most important factor affecting self-efficacy, “because
they provide the most authentic evidence of whether one
can muster whatever it takes to succeed” [4], (p. 80).
Successful performance of a task can increase self-efficacy,
whereas performance failure—especially early on—
potentially lowers it. Subsequent research, however, has
shown that mastery experiences may not be the most
influential source of self-efficacy for women as it often
is for men (see, e.g., Ref. [37] and references therein); for
example, vicarious experiences were more important for
women in passing introductory physics [37]. The vicarious
experience (sometimes also called modeling), in contrast to
mastery, refers to seeing someone else, with whom one can
identify, successfully completing the same task. The com-
parison of one’s own performance with others’ or the
prediction of future performance in this way can influence
self-efficacy in amanner similar tomastery experiences. The
third source, verbal persuasion, refers to encouragement or
discouragement from another, with discouragement likely
lowering self-efficacy and encouragement having the poten-
tial to increase self-efficacy. Positive verbal persuasion can
“mobilize greater effort and sustain it” toward an activity or
task [4], (p. 101). Finally, physiological and affective states
relate to one’s interpretation of the physiological cues they
experience (e.g., emotional responses to classroom events,
such as anxiety and/or nervousness) and may also impact
self-efficacy. Physiological factors tend to have greater
influence for tasks that involve physical activity, health
functioning, stamina, and the like. Any change in self-
efficacy is determined not only by the presence of a source
itself (i.e., mastery experience, vicarious experience, verbal
persuasion, or a physiological factor) but also by how the
individual internalizes and interprets information that arises
from that source.

2. Domain-specificity: Self-efficacy in astronomy

Research on self-efficacy’s impact covers a wide variety
of topics, associated with numerous academic settings [5].
However, several researchers theorize that self-efficacy is
largely domain and even task specific [5,6,38], making
measurement of self-efficacy more challenging. Britner and
colleagues have looked at levels of self-efficacy for middle
school [39] and high school students [40] and what
differences might exist between science domains. Other
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self-efficacy research focuses on college courses, including
domains such as physics [37,41,42], or focuses on the self-
efficacy for teaching science rather than learning science
[43–46]. Investigating self-efficacy in different domains
will help researchers understand the nature of this complex
variable, and can lead instructors toward understanding
how self-efficacy in their own content areas might be
improved.
Self-efficacy for astronomy learning has received little

attention, despite recent efforts to increase students’ cog-
nitive engagement through the inclusion of learner-centered
curricular materials and instructional strategies. In the few
cases where self-efficacy has been examined within an
astronomy course, researchers often measured self-efficacy
for general science learning (or science teaching), rather
than specifically for astronomy learning (or astronomy
teaching). Carter [47] investigated sources of self-efficacy
toward an astronomy laboratory for undergraduate non-
science majors through a mixed-methods research design.
She found through interviews that the labs appeared to
contribute to self-efficacy in astronomy primarily through
verbal persuasion, but did not affect general science self-
efficacy as measured by a survey. Straits and Wilke [32]
observed a decrease in general science self-efficacy after an
activities-based introductory astronomy course, as deter-
mined by a subset of survey questions. Slater et al. [48]
investigated changes in content knowledge, attitudes, and
self-efficacy during an astronomy course for preservice
elementary teachers, using in part the Science Teaching
Efficacy Belief Instrument, Form B (STEBI-B) [49].
Although the preservice teachers’ content knowledge
improved significantly, their self-efficacy toward (general)
science teaching and attitudes toward science did not. All of
these studies involved instructional designs intended to
facilitate high cognitive engagement, and two [32,47]
measured knowledge change through the Astronomy
Diagnostic Test, a multiple-choice measure of general
astronomy content knowledge [50]. However, none of
these researchers made any explicit connections to warm
conceptual change using a model such as the CRKM [1].
Cordova and colleagues [34,35,51] have taken the

domain and task specificity of self-efficacy into account,
by investigating the roles of self-efficacy and confidence in
prior knowledge on conceptual change about the cause of
seasons with undergraduate education students. In this
work, participants responded to questions relating to
specific academic tasks (e.g., reading) within the context
of learning about seasonal change. The researchers found
that participants classified as having medium self-efficacy
showed significantly greater pre-to-posttest gains in under-
standing of the content compared to either the high or low
self-efficacy groups [51]. There was also a significant
interaction among all three variables (self-efficacy, con-
fidence in prior knowledge, and time) on the number of
alternative conceptions present in participants’ posttests,

suggesting the relationship among these factors may be
complex [35]. This research relating to task-specific self-
efficacy for learning about a particular astronomy topic
influenced the design of our study and informed the
development of our research questions.

C. Interest

1. Defining interest

Interest, like self-efficacy, is a component of motivation
that can lead to higher cognitive engagement [7] and,
subsequently, facilitate stronger conceptual change [1].
“Interest refers to a learner’s predisposition to reengage
particular disciplinary content…over time and the psycho-
logical state that accompanies this engagement” [52],
(p. 106). With respect to the CRKM, interest may directly
influence the level at which the learner engages with the
incoming message, and so may be an important motiva-
tional characteristic. Interest is often measured through
self-report instruments using Likert-scale items, where
participants rate their level of interest on given topics or
tasks, and may be used to predict participants’ behaviors
[38]. The connection between interest and conceptual
change is an active area of research (see, e.g.,
Refs. [53,54], and references therein). Like self-efficacy,
interest is a domain-specific construct, directed toward an
object or topic, and so exploration of interest in new
domains is warranted.

2. Domain-specificity: Interest in astronomy

To date, the research focus for interest in astronomy has
also been at the K–12 level, with both students and
teachers. Reis, Atamian, and Renzulli [55] studied 10
students in a gifted and talented program (grades 5–7)
who were given binoculars, telescopes, and a self-directed
astronomy unit for study at home with the help of their
parents. The researchers found that not only did the
students experience growth in the skills targeted by the
instructional unit, most also demonstrated increased inter-
est in astronomy. Two studies have also investigated the
interests of secondary students relating to astronomy. The
first involved approximately 3000 15-year olds in Northern
Ireland, who completed a Likert-scale interest survey about
various subtopics from astronomy, biology, chemistry, and
physics, before and after instruction on the “Earth in Space”
portion of the National Curriculum [56]. Astronomy sub-
topics received the highest interest ratings both pre and
postinstruction, although the authors did not report sig-
nificance testing of differences over time or between topics.
The second study surveyed 152 Canadian ninth graders
about their interests in topics relating to astronomy and
space science [57]. Both boys and girls indicated the
strongest interest in black hole formation, extraterrestrials
or unidentified flying objects (UFOs), and living in space.
Whereas these studies help us understand something about
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students’ interest in astronomy topics, they do not tell
us anything about how these interests interact with stu-
dents’ understanding or their self-efficacy for learning
about the topics.
In the early 1990s, three graduate theses documented the

study of inservice teachers’ interest in (and in some cases
knowledge about) astronomy. Shore [58] found that a
dozen Grade 2 teachers who were teaching a 10-week
astronomy unit significantly increased their interest in
astronomy compared to a control group of Grades 1–3
teachers not teaching astronomy, even when controlling for
prior interest. However, there was no difference between
the groups (teaching vs not teaching) in conceptual knowl-
edge scores, and both groups held similar alternative
conceptions. Rutkowski [59] found that junior high teach-
ers had interest in astronomy, believed students were
interested in it, and felt astronomy was an important part
of the curriculum; at the same time, however, teachers were
reluctant to increase the amount of curricular time for
astronomy. Slater [60] showed that 25 middle and high
school teachers enrolled in a constructivist astronomy and
space science course experienced significant increases in
their attitudes about, value of, and interest in teaching
astronomy, as well as growth in their content knowledge.
Although all three studies discussed knowledge change, the
projects did not examine the specific relations between
interest and instruction.

D. Concept inventories as a measure
of changes in knowledge

For nearly three decades, concept inventories have
provided a way for researchers and instructors to measure
the presence of alternative conceptions and how those
conceptions change as a result of instruction [61,62]. The
development of these instruments typically includes
detailed qualitative data collection, such as through inter-
views and open-ended questions, and analysis prior to the
creation and validation of multiple-choice instruments
[61,63]. Concept inventories have been used extensively
in undergraduate science courses to measure changes in
students’ understanding, whether through knowledge con-
struction or conceptual change, over some instructional
intervention (such as a unit, curriculum, or semester-long
course; in physics, for example, see Ref. [64] and refer-
ences therein).
The key difference between a concept inventory and

some other assessments (e.g., a cumulative final exam) is
that the concept inventory focuses in on a single or narrow
set of concepts, and includes several questions that get at
the same idea. For example, the Force Concept Inventory
(FCI) [65] includes 29 questions around six areas (kin-
ematics, first law, second law, third law, superposition
principle, and kinds of force), all of which relate to
Newtonian mechanics. When used as a whole, a concept
inventory can provide a picture about a students’ likely

understanding of the concept at hand. When used over time,
we can get a sense of how that understanding has changed
(for just a few examples within astronomy and physics, see
Refs. [28,30,31,64,66]).

E. Instruction to elicit knowledge change

Concept inventories have been used as a measurement of
knowledge change as a result of instructional interventions.
In a meta-analysis of physics education reform efforts,
Hake looked at changes in FCI scores across traditional and
what he termed “interactive engagement” courses, and
found that the latter had normalized gain scores (a ratio
of the actual to maximum potential gain) that were, on
average, two standard deviations above those of the former
[66]. Many subsequent studies have found similar results.
But what constitutes interactive engagement strategies,

and how do they facilitate change? There is no single
method for teaching for conceptual change, however some
commonalities can be found. Cognitive conflict is a key
part of several conceptual change strategies, harkening
back to Piagetian-based approaches [67]. Leach and Scott
[68] describe several perspectives on teaching for con-
ceptual change, whereas Jonassen [69] focuses on different
types of modeling and Linn [70] addresses the conflict
between having students “extinguish the ideas that experts
dispute, or… distinguish among normative and personally
constructed views” (p. 694). The Lecture Tutorials for
Introductory Astronomy [71], which have become quite
popular within introductory astronomy courses, were
designed from a constructivist approach and include tasks
that deliberately elicit prior student knowledge (many of
which are known from research to be scientifically inac-
curate) and then help students resolve any conflicts [72].
These and other strategies that create opportunities for the
construction of robust scientific understanding have
become an integral part of the wider reform efforts within
science education, particularly at the undergraduate intro-
ductory level.

III. THE PRESENT STUDY

The CRKM [1] claims that motivational characteristics—
such as self-efficacy and interest—influence the degree
to which a learner experiences conceptual change, but
neither has been investigated sufficiently. When combined
with the suggestion of the domain and task specificity of
these constructs [5,6], research on their interactions within a
context not previously studied is warranted. The context of
astronomy—specifically the topic of stars—is particularly
fruitful because of the popularity of the course at the
undergraduate level [12], suggesting some initial interest.
Another reason for astronomy as a potentially useful context
is that anecdotal evidence suggests students may choose
astronomy over other science courses, such as chemistry or
physics, because they perceive astronomy as being “easier,”
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which might contribute to high pretest self-efficacy ratings.
But how do self-efficacy and interest impact students’
learning of astronomy? To address these issues, we formu-
lated the following research questions:
(1) How does postinstruction self-efficacy for learning

astronomy relate to changes in understanding of star
properties, a topic common to many introductory
undergraduate astronomy courses?

(2) (a) How do understanding of star properties, self-
efficacy for learning about star properties, and interest
for learning about star properties change after semes-
ter-long instruction and (b) how are they affected by
instructional design and implementation?

We hypothesized that postinstruction self-efficacy (com-
pared to interest) would be more strongly related to change
in understanding of star properties over the course of
instruction. Based upon prior research in physics and
astronomy education [41] and the study’s context, we
further hypothesized that all three variables (understanding,
self-efficacy, and interest) would increase significantly over
a semester-long course. We also predicted that an increased
attention to mastery and vicarious experiences within the
instructional designs and implementation could lead to
improvements in these variables over the courses.

IV. METHODS

The present study builds upon previous work [34,35,51]
that investigates students’ self-efficacy for tasks associated
with and interest in learning about seasonal change.
Whereas those studies were completed in an experimental
design setting in which students participated as a way of
satisfying requirements for an educational psychology
course, we combined the focus on motivational variables

with other work around content knowledge and conducted
the study in the natural setting of an introductory astronomy
course. This focus allowed us to investigate how the
relationships between the selected motivational variables
and knowledge change, as theorized in Dole and Sinatra’s
CRKM [1], play out in the type of context that affects a
large number of students in the U.S. [12].

A. Setting and participants

The study included five instructors at four geographi-
cally disparate U.S. institutions. Table I provides a sum-
mary of the characteristics of the participating instructors,
courses, and schools. Each course fulfills some portion of
its respective institution’s requirements for general educa-
tion science content; accordingly, most of the participating
students are nonscience majors. Two courses (those taught
by Nick and Shawn, pseudonyms) are “second tier” or
upper division; however, these are still introductory level
and satisfy general education requirements, and there is no
prerequisite of another astronomy course. The other three
instructors’ (i.e., Olga, Seth, and Jeff; also pseudonyms)
courses are considered introductory (100 level).
The courses’ content varies somewhat, but there are

notable commonalities. Seth’s and Jeff’s courses are
surveys of the whole Universe, including topics such as
the nature of light, our solar system, stars, galaxies,
cosmology, and certain physical principles (e.g., gravity,
Kepler’s laws of planetary motion). This structure is
consistent with many introductory astronomy courses
[16]. Courses taught by Olga and Nick are “stars and
galaxies”—in practice these courses cover the same topics
listed previously except the solar system. Shawn’s course is
called simply “stars” and focuses on this topic in greater

TABLE I. Participating instructor, course, and school characteristics.

Instructor
namea

Approximate
course enrollment Nb

Percent
female

Percent prior
astronomy
coursework

Unique course
characteristics School typec

Olga 5 sections of 25 each 71 70.4% 49.3% Online; “stars
and galaxies”

Public, Associate’s
suburban-serving
multi-campus

Nick 1 section of 100 60 26.7% 21.7% Second-tier (300-level);
“stars and galaxies”

Public, Masters-large

Seth 1 section of 800 375 52.0% 7.5% Concert hall setting;
whole universe

Public, research
university/very highd

Jeff 2 sections of 150 each
plus 1 section of 60

100 58.0% 6.0% Planetarium setting Public, Masters-large

Shawn 1 section of 600 417 54.4% 40.0% Concert hall setting;
second-tier (200-level); “stars”

Public, research
university/very highd

aPseudonyms.
bN here represents the number of students who consented for their responses to be used in the study.
cFrom Carnegie Foundation for the Advancement of Teaching, Institutional Classifications (2010 edition, retrieved 11/2/2012 from

http://classifications.carnegiefoundation.org/lookup_listings/institution.php).
dSeth and Shawn teach at the same institution.
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depth (though still including relevant topics such as the
nature of light). In agreeing to participate in the study, all of
the instructors felt the Star Properties Concept Inventory
(SPCI) [24,73], described below, adequately assessed a
sizable portion of the course content. Several of the
instructors had used the SPCI in the past for their own
purposes and were willing to use it again. We have made a
nonstatistical generalization here [74] that the students in
these courses can be grouped together based on our
knowledge of the schools and courses as well as the pretest
scores (as described further below).

B. Instruments and data collection

We used three instruments to measure participants’
interest in selected astronomy topics, self-efficacy toward
course tasks, and understanding of star properties. We
describe each of these instruments in detail below, pre-
sented in the order administered to participating students as
a single, combined instrument. Item 1 was a question of
informed consent. Although all students in the courses
completed the survey, responses from students who
declined consent were removed prior to any analysis.

1. Student interest in selected astronomy topics

The first instrument was a short survey to investigate
students’ interest in three related topics within the course
(star properties, stellar evolution, and the Sun) as well as a
fourth topic common to introductory astronomy but not
specifically measured by the knowledge instrument (the
solar system). The purpose of this additional topic was to
ascertain whether the participant’s interest was focused
only on the particular subject of stars or included
astronomy more generally. The focus on stars—rather than
simply astronomy—was purposeful, in order to both make
connections to the knowledge instrument and the fact that
one of the participating classes (Shawn’s) concentrated on
this content area. Participants indicated their interest in
each selected topic using a 5-point Likert scale, with 1
representing “not at all interested” and 5 being “very
interested.” The survey was adapted from a self-created
instrument by Cordova et al. [51], which had an original
reliability of α ¼ 0.87. This instrument is labeled “INT” in
the discussion below and is presented in Table II. For the

present study, reliability of INT scores exceeded the
acceptable threshold of 0.7 [75], with Cronbach’s α ¼
0.82 at preinstruction and 0.87 at postinstruction.

2. Self-efficacy for course tasks

The second instrument aimed to measure participants’
self-efficacy about tasks common to general education
courses; it was also adapted from Ref. [51] (original
α ¼ 0.94). The specific tasks selected have a high like-
lihood of appearing in an introductory astronomy course,
such as taking exams or reading about content. The
instrument used a 5-point Likert scale to assess students’
self-efficacy for course tasks, where 1 was labeled “I cannot
do this at all” and 5 was “highly certain that I can do this.”
In the discussion below, this instrument is referred to as
“SE”; it is shown in Table III. For the present study,
reliability of SE scores exceeded the acceptable threshold
of 0.7 [75], with Cronbach’s α ¼ 0.94 at preinstruction, and
0.91 at postinstruction.

3. Student understanding of stars

The SPCI [24,73] measures student understanding about
stars. The SPCI contains items relating to star properties
(such as mass, temperature, and lifetime), star formation,
and the nuclear fusion process that powers stars. The
development process showed that the SPCI could measure
changes in student understanding about these ideas over an
intervention (a unit or course) [24,73]. We used version 3.5
for the present study, containing slight modifications from
the previously referenced version as a result of a larger,
ongoing study. The SPCI v3.5 contains 22 items presented
in multiple-choice format, scored as 1 (correct) or 0
(incorrect), as well as items about gender and prior
astronomy coursework. For the present study, reliability
of SPCI post scores exceeded the acceptable threshold of
0.7 [75], with Cronbach’s α ¼ 0.78. For SPCI pre,
α ¼ 0.69, which is just slightly below the threshold. We
consider this lower reliability value acceptable because of
the relatively low amount of knowledge typically held by
students prior to instruction. Reliability measures are
sensitive to homogeneity within the sample [76], and, at
the pretest, it is likely that many participants are similar in
their lack of knowledge about stars.

TABLE II. Interest instrument, administered as Items 2–5 in the combined survey.

[Instructions] For the following items, choose the number that describes your level of interest in:

Not at all interested Slightly interested Moderately interested Interested Very interested

2. Star properties 1 2 3 4 5
3. Stellar evolution 1 2 3 4 5
4. The Sun 1 2 3 4 5
5. The solar system 1 2 3 4 5
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4. Data collection process: Surveys

Students responded to a total of 35 questions (in order
informed consent, INT, SE, and SPCI). Administration
took place through different methods, depending upon the
unique context of the course: (a) Olga, Seth, and Nick gave
the survey online, outside of any class meeting time;
(b) Jeff administered the survey traditionally, with each
student receiving a copy of the survey and a scannable
answer sheet; and (c) Shawn displayed the questions in
small chunks via electronic slides on the room’s media
screen while each student replied on his or her own
scannable answer sheet. Administration for methods (b)
and (c) took approximately 30 min. Instructors gave or, in
the case of method (a), announced the survey on the first
day of class, immediately after a brief introduction to the
course syllabus. The posttest administration occurred dur-
ing the classes’ final two weeks in the same format as the
pretest. None of the instructors graded the SPCI for
correctness, though some gave participation points for
completion. Those points were given independently of
whether the student consented to be part of the study. Data
screening did not raise any concerns about differences in
test administration type (paper versus electronic) or effort
based upon whether or not the students received partici-
pation points; additionally, the instructors did not recall any
behavioral issues in the administration that would cause
concern over student effort. Hake [66] argued, based on his
data set of more than 6000 FCI pretest and posttest pairs
from multiple institutions, that grade credit did not seem to
influence posttest scores, and that his survey of instructors
and personal experience suggested that pretests were
similarly taken seriously by participating students.
The first author randomly assigned an identification

number to each pretest response, whether electronic or
hard copy. Per human subject regulations, respondents’
names were then removed from the data and the first author
maintained a secure, confidential list matching names to
numbers. We later matched posttest names to the pretest in
order to use the same identification number when possible,
and again removed names from the data. Next, we used
Excel to remove nonconsenting responses and selected for

those participants who completed both the pretest and the
posttest. Analyses were based on this matched data set.

5. Instructor interviews

After initial quantitative analyses were performed
(described below), we observed differences in self-efficacy
for course tasks across instructors that were unexpected and
desired to further investigate the possible causes of them. In
discussing the quantitative results and our knowledge of the
courses themselves, we hypothesized that the instructional
design and implementation might relate to the different
sources of self-efficacy as described by Bandura [4]. At this
point, our focus shifted from the students (their knowledge,
self-efficacy for course tasks, and interest as they relate to
stars) to the instructors (their instructional design and
implementation). We created a retrospective, semistruc-
tured interview protocol to elicit information about poten-
tial sources of self-efficacy; questions related to the nature
of the course, such as the structure of the “lecture” period,
assignments, and grading policies, presence and role of
teaching assistants, and students’ use of office hours. The
first author conducted telephone interviews with each
instructor to better understand their instructional design
and implementation, as well as similarities and differences
across the courses. Interviews were audio recorded and
lasted between 20 and 60 min each.

C. Data analysis

To explore our research questions fully, we conducted
first quantitative analyses on the student-based interest,
self-efficacy for course tasks, and knowledge survey
responses and then a qualitative analysis on the instructor
interviews. Our quantitative analysis strategy consisted of
three major components. First, we screened the data for
outliers. We found no multivariate outliers as measured by
Mahalanobis distance; however, we removed 15 partici-
pants from the analysis because we considered their scores
to be representative of univariate outliers (i.e., z ≥ j3j in
any variable score). We also removed all participants who
indicated they had taken astronomy previously. Preliminary
analysis showed that those participants who had taken

TABLE III. Self-efficacy instrument, administered as items 6–11 on the combined survey.

[Instructions] Please rate how certain you are that you can perform the academic tasks listed below in a class on stars. Rate your degree
of confidence by recording a number from 1 (Cannot do at all) to 5 (Highly certain can do).

I cannot do
this at all

Moderately certain
I can do this

Highly certain
I can do this

6. Understand the readings for a class on stars. 1 2 3 4 5
7. Learn the basic concepts taught in a class on stars. 1 2 3 4 5
8. Understand the material presented by an instructor on stars. 1 2 3 4 5
9. Understand the diagrams and pictures used in a class on stars. 1 2 3 4 5
10. Do well on assignments in a class on stars. 1 2 3 4 5
11. Do well on exams in a class on stars. 1 2 3 4 5

JANELLE M. BAILEY et al. PHYS. REV. PHYS. EDUC. RES. 13, 020140 (2017)

020140-8



astronomy before had significantly higher scores on all
three pretest variables and therefore were not representative
of the larger sample. This resulted in the removal of a little
more than 300 students (leaving n ¼ 692). At this time, we
also checked the data for assumptions of the relevant tests,
such as skewness and kurtosis to gauge normality, and
examined the descriptive statistics of the sample; discussion
of these tests is included in Sec. V.
Second, we performed a sequential multiple regression

analysis (i.e., where we conducted incremental partitioning
of variance to control for preinstruction conditions, and
examined the simple and direct relations between the
predictor and the criterion variables) to determine how
posttest self-efficacy for course tasks predicted postinstruc-
tion understanding (RQ1). At this point in the analysis, we
were looking globally at the group of undergraduate
astronomy students, and so combined the courses into a
single data set. Third, we performed a multivariate analysis
of variance (MANOVA) and relevant follow-up tests about
how each of our three variables changed over the semester
(RQ2a). The follow-up tests also allowed us to look for
instructor differences (RQ2b). We have chosen these
analyses over looking at normalized gain [66] because
of several known problems, such as violations of normality
assumptions inherent within ordinary least squares (OLS)
analyses and bias toward high pretest scores (for more
information, see Refs. [77,78] and references therein). The
analyses chosen can further explain more variance than can
normalized gain and therefore provide greater statistical
power [79].
As described above, the results of the quantitative

analyses led us to conduct interviews with the five
instructors, which we then analyzed qualitatively. The
interviews were transcribed and analyzed by two of the
authors (J. M. B. and J. R. C.). We conducted an a priori
content analysis [80] in which we specifically looked for
evidence of the four sources of self-efficacy as described by
Bandura [4], as well as any other common themes that
might have emerged from the data. We also identified
relevant exemplar statements that could support the analy-
sis and interpretations. The coding process followed
common techniques as described by Creswell [81] or
Seidman [82], such as highlighting in a given color state-
ments made by the instructors that related to a particular
source of self-efficacy and then creating a thematic profile
of the highlighted statements to verify consistency across
the data and the reviewers. The resulting analysis was used
by the researchers to inform the interpretation of the self-
efficacy differences observed. We discuss all results—both
quantitative and qualitative—in the next section.

V. RESULTS

In the next sections, we provide the results of
several different analyses of the data collected. We
start with descriptive statistics for the sample before
moving into the specific approaches to answer the research

questions—sequential multiple regression analysis for
understanding how the independent variables (SPCI, SE,
and INT pre; SE post; and INT post) predict the dependent
variable (SPCI post) and repeated measures MANOVA to
understand how the three constructs changed over time.
We then discuss the qualitative component of the study—
instructor interviews—and how they can enlighten the
quantitative results.

A. Descriptive statistics

After the data screening described in Sec. IV. C, we
calculated basic descriptive statistics for the three measured
variables (INT, SE, and SPCI) at both pre and post-
instruction. This allows us to get a general sense of the
features of the data; these descriptive statistics are
embedded within the inferential statistical analyses as
elaborated below. Table IV shows the pre and post means
and standard deviations for both individual instructors and
an omnibus overall set, and coefficient alpha (i.e., reliabil-
ity) values on overall, for all three variables. We then
calculated bivariate correlations in order to determine the
associative relations between the study variables. As shown
in Table V, the bivariate correlations reveal significant and
positive associations between all the study variables at pre
and postinstruction. However, although correlations were
all significant, most of the associations represent a small to
moderate effect (all Pearson r values ≤ 0.5) [83].

TABLE IV. Descriptive statistics for the study variables.

Preinstruction Postinstruction

Variable n M SD α M SD α

INTa

Overall 692 3.41 0.881 0.821 3.45 0.934 0.867
Olga 36 3.65 0.860 3.52 1.08
Nick 47 3.99 0.740 4.00 0.824
Seth 325 3.37 0.886 3.35 0.931
Jeff 89 3.54 0.735 3.51 0.835
Shawn 195 3.23 0.899 3.44 0.935
SEa

Overall 692 3.86 0.780 0.935 4.03 0.756 0.909
Olga 36 4.02 0.680 3.81 0.836
Nick 47 4.28 0.660 4.11 0.752
Seth 325 3.68 0.749 3.99 0.756
Jeff 89 3.99 0.740 3.84 0.754
Shawn 195 3.97 0.824 4.19 0.711
SPCIb

Overall 692 6.81 2.89 0.687 13.0 4.19 0.781
Olga 36 6.72 2.88 11.9 4.38
Nick 47 9.21 3.24 15.0 3.91
Seth 325 6.48 2.95 13.7 4.08
Jeff 89 6.28 2.65 11.3 3.98
Shawn 195 7.04 2.50 12.3 4.06

aINT (interest) and SE (self-efficacy) scores were each
measured on a 1 to 5 point Likert scale.

bSPCI scores were measured out of 22 possible correct.

MEETING STUDENTS HALFWAY: INCREASING … PHYS. REV. PHYS. EDUC. RES. 13, 020140 (2017)

020140-9



B. Sequential multiple regression analysis

We conducted a sequential multiple regression analysis
[84] to examine how well self-efficacy for course tasks and
interest predicted students’ understanding of star properties
after instruction (SPCI post, the criterion variable); results
are summarized in Table VI. Sequential multiple regression
(sometimes called incremental partitioning of variance)
[85] is a method that accounts for each predictor variable’s
contribution to overall variance (i.e., R2). For the purpose
of examining our first research question, sequential multi-
ple regression provides a parsimonious initial examination
of the predictive relationship and specific contribution of
postinstructional self-efficacy for course tasks and interest
to the variance in post-instructional knowledge.
In the first step of the sequential multiple regression,

SPCI, SE, and INT pretest scores were entered in order to
statistically control for the impact of these variables. SE
post was entered as the second step and INT post as the
third step. The analysis revealed that R2 for the full
regression was significant, Fð5 686Þ ¼ 53.7, p < 0.001,
indicating that 27.6% of the variance in SPCI postscores
was explained by the predictor variables. SPCI pre, SE pre,
and INT pre together accounted for 8.6% of the variance,

p < 0.001, as demonstrated by the first step. SE post
accounted for an additional 19.0% of the variance above
and beyond the pretest measures, p < 0.001. Interestingly,
the variance explained by SE post is more than twice the
influence of SPCI pre, SE pre, and INT pre combined,
representing a very large effect size and strong practical
significance for SE post. INT post did not account for any
additional significant variance, p ¼ 0.22. Because INT
post was an insignificant factor, we did not include this
variable in any subsequent analyses. We will revisit this
finding in Sec. VII.

C. Repeated measures MANOVA

We also conducted a repeated measures MANOVA, with
SPCI and SE scores as the dependent measures, to answer
RQ2. This analysis is designed to test group differences
where there is more than one dependent variable. The
within-subjects variable was time (i.e., pre and postinstruc-
tion) and the between-subject variable was instructor.
Because of our uneven group sizes across instructors,
our analysis did not meet the assumption of equality of
covariance matrices (homoscedasticity), with Box’s
M ¼ 139,p < 0.001. Therefore, we used the more stringent
Pillai’s criterion in our evaluation of significance testing [84].
The repeated measures MANOVA revealed a significant
interaction between time and instructor for the combined
scores of SE and SPCI, Fð122 061Þ ¼ 5.99, p < 0.001,
ηp

2 ¼ 0.034. Follow-up repeatedmeasures univariate analy-
ses of variance (ANOVAs) indicated that the interaction
between time and instructor was statistically significant for
both SPCI, Fð4 687Þ ¼ 9.37, p < 0.001, η2¼0.052, and
SE, Fð4687Þ¼ 8.26, p < 0.001, η2 ¼ 0.046.

1. Simple effects analysis: SPCI

Our follow-up simple effects analyses revealed notable
differences between the instructors (see Table IV for
variable means and standard deviations by instructor).
As shown in Fig. 1, SPCI prescores for Nick’s classes
were significantly greater than all the other instructors’
classes (all pairwise comparison p values < 0.01), with no
significant difference between the other instructors in SPCI
prescores (all p values ≥ .28). For SPCI postscores, there
was no significant difference between Nick’s and Seth’s
classes (p ¼ 0.36); furthermore, both Nick’s and Seth’s
SPCI postscores were significantly greater than Jeff’s and
Shawn’s classes (all p values < 0.01). Nick’s postscore
was also significantly higher than Olga’s (p < 0.01),
however, Seth’s was not (p ¼ 0.11). Finally, Olga’s,
Jeff’s, and Shawn’s SPCI postscores were not significantly
different from one another (all p ¼ 1.0). Seth’s classes
experienced the greatest increase from relatively low
preinstruction scores to levels that were statistically equiv-
alent to the highest SPCI scores at postinstruction.

TABLE V. Correlation Matrix of the Study Variables.

1 2 3 4 5 6

1. INTa-pre � � �
2. INTa-post 0.465b � � �
3. SEa-pre 0.277b 0.167b � � �
4. SEa-post 0.194b 0.340b 0.359b � � �
5. SPCIa-pre 0.161b 0.171b 0.254b 0.274b � � �
6. SPCIa-post 0.145b 0.231b 0.186b 0.491b 0.366b � � �

aINT ¼ interest, SE ¼ self‐efficacy, and SPCI ¼ Star
Properties Concept Inventory scores.

bp < 0.01.

TABLE VI. Sequential multiple regression parameters explain-
ing understanding of star properties after instruction (SPCI post).

R2 ΔR2 ΔF bc βc Δpd

Step 1: 0.086 0.086 22.6
SPCIa pre 0.382 0.263<0.001
SEb pre 0.296 0.055 0.149
INTb pre 0.369 0.078 0.041
Step 2: SEb post 0.276 0.190 181 2.56 0.463<0.001
Step 3: INTb post 0.276 0.002 1.53 0.211 0.047 0.217

aSPCI scores were measured out of 22 possible correct.
bSE (self-efficacy) and INT (interest) scores were measured on

a 1 to 5 point Likert scale.
cb and β represent unstandardized and standardized,

respectively, weighting coefficients that could be used as a
multiplier of an individual’s pretest score to predict their
posttest score.

dΔp is the p value of the partitioned variables.
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2. Simple effects analysis: SE

As shown in Fig. 2, classes taught by two of the
instructors showed significant increases in SE scores over
the semester (Seth, p < 0.001, and Shawn, p < 0.001),
whereas the others had no significant change in SE (all p
values > 0.12). At preinstruction, Seth’s class’s SE pre-
scores were significantly lower than the classes taught by
Nick, Jeff, and Shawn (all p values < 0.01); SE prescores
for Olga’s and Seth’s classes were not significantly differ-
ent from one another (p ¼ .13). On the other hand, SE post
scores for Seth’s classes were not significantly different
from the other instructors’ classes (all p values ¼ 1.0),
except Shawn’s class. In this case, Shawn’s class had
significantly greater SE postscores than Seth’s class
(p ¼ 0.033). This showed that Seth’s class, who had
significantly lower SE scores at preinstruction, experienced
the greatest change in SE scores—leading to scores that
equaled or significantly exceeded the other instructors’

classes at postinstruction except Shawn, who also had an
increase.

D. Instructor interviews

As indicated by the results of the repeated measures
MANOVA, student self-efficacy for course tasks signifi-
cantly increased over the course of instruction under two of
the five instructors and was correspondingly related to
larger gains in knowledge. Therefore, the lead author
conducted semistructured phone interviews with all five
of the instructors to try to understand what differences in
their course design and implementation might help explain
the variation in student self-efficacy for course tasks. The
first author asked instructors to provide more information
regarding their course design, classroom environment,
student opportunities to practice performing the tasks
necessary for course success, the opportunities students
had to witness others like them performing successfully in
the course, and the feedback and verbal persuasion students
received.
Many similarities existed among the instructors’ courses.

For instance, most of the instructors (Nick, Seth, Jeff,
Shawn) relied heavily on lecture, in-class collaborative
lecture tutorials [71], and conceptual questions in a think-
pair-share [86] or peer instruction [87,88] model, which are
designed to facilitate student discussion and reflection on
course content. However, Olga’s class was taught entirely
online and asynchronously, and so had very different
structures in place (e.g., no lectures but more reading of
the textbook and accompanying notes). All five instructors
discussed attempts to create a positive class environment
and most discussed their attempts to increase student
interaction and motivation, as well as student responsibility
for their own learning. For example, Shawn described his
first day of class in this way:

I tell them that I will meet them halfway…What I
promise is that I will make this class accessible. I’m
not going to make it easy because that’s a waste of
time… I am going to explain things in terms that you can
understand so that you can succeed in this class, even if
you have poor math skills. In return, I ask you to
participate. Come to every class, do the assignments on
time, ask questions. If you participate fully, you will
learn something from this class and you’ll also get a
decent grade. It’s my job to make sure I make this class
accessible to you. Your job is to participate. So I ask
them if they will enter into that agreement with me.

However, there were some notable differences between
the two instructors (Seth, Shawn) who saw significant
increases in student self-efficacy for course tasks scores and
the other three instructors (Olga, Nick, Jeff). The
differences identified directly relate to the main factors
theorized to impact self-efficacy [4]. All of the instructors

FIG. 1. Mean SPCI scores by instructor. All postscores are
significantly greater than prescores (p < 0.001). *Nick’s mean
prescore was significantly greater than all other instructors’ scores
(p < 0.01). Bars show standard errors.

FIG. 2. Mean SE scores by instructor. *Seth’s and Shawn’s
posttest scores were significantly higher than their pretest scores
(p ≤ 0.001). †Seth’s pretest score was significant lower than all
other instructors’ (all p < 0.01), except Olga’s (p ¼ 0.13). Bars
show standard errors.
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indicated that they tried to encourage and motivate students
with their words in addition to providing opportunities to
have mastery experiences with the course content.
However, the degree of mastery experiences, type of verbal
persuasion provided, and the opportunities students had for
vicarious experiences of success seemed to differ. This
difference may have, in turn, accounted for the variation in
self-efficacy for course tasks between the instructors’
classes. We should note that our interviews provided little
evidence of the influence of physiological factors on
potential changes in self-efficacy for course tasks, as this
source is based upon the students’ interpretation of their
own physiological response rather than the instructor’s
perception of their response. Therefore, in the following
two sections, we discuss differences in the other three
sources of self-efficacy for course tasks among the instruc-
tors’ classes.

1. Mastery experiences and verbal persuasion

Instructors frequently discussed feedback to students in
the interviews, however, they infrequently differentiated
between performance-related feedback provided on a
mastery experience (e.g., “this answer is correct or incor-
rect”) and more general feedback provided as verbal
persuasion (e.g., “I know you guys can do this”). As a
result, in the subsequent discussion we will highlight
feedback as mastery or persuasion if the inference was
clear to us; in other cases, we will simply use the generic
term feedback.
The two instructors (Seth, Shawn) whose students

demonstrated greater gains in self-efficacy for course tasks,
and subsequently knowledge, appear to provide a combi-
nation of more effective scaffolding (i.e., instructor-
controlled aspects of the task that are initially beyond
students’ capabilities and facilitate students’ successful task
completion [89]) and greater opportunities for practice and
feedback than the other instructors. Based upon the
descriptions of their courses, Seth and Shawn give more
specific direction regarding the actions students need to
perform to master the content and do well in the course, as
well as provide more purposefully planned opportunities
for students to perform those actions. The students also
receive elaborated feedback on their performance, even
before the first exam or quiz. Feedback may help students
recognize and resolve inconsistencies between their actual
performance and the target performance [90]. Because of
the large class size, such feedback was not necessarily at the
individual level but instead more often involved large-scale,
class-based discussion of the in-class activities and think-
pair-share or peer instruction questions. It is possible that
the multiple performance opportunities coupled with
ongoing extensive performance-related feedback and addi-
tional scaffolding may have helped students of Seth and
Shawn become more metacognitively aware of their actual
level of knowledge (as compared to the target knowledge)

and the learning strategies necessary to succeed. The
repeated opportunities for practice and accompanying
performance-related feedback likely helped to increase
the students’ abilities to gauge the accuracy and complete-
ness of their knowledge and adjust their study skills
accordingly, as well as increase the likelihood for future
mastery experiences over the course.
Seth illustrated this point through his discussion of the

strong emphasis he puts on encouraging students to not just
know the right answer when it comes to the think-pair-share
questions, lecture tutorials, etc. (practices that are common
in four of the five instructors’ course lectures), but to be
able to reason through and solve the problems both orally
and in writing. He discussed the many opportunities the
students had to practice or demonstrate the necessary skills
in class and to receive performance-related feedback. He
also stated that they had “repeated opportunities to be
metacognitive, to assess their own understanding, to gain
feedback through whether or not they are able to answer
think-pair-share questions, or fill-in-the-blank in real time,
or make a prediction in real time.” He stated that he
purposely scaffolds the think-pair-share questions starting
with the easier ones to build confidence, and eventually
leads up to the harder ones that then lead into a lecture
tutorial. Shawn also discussed the importance of practice
experiences and feedback in his class. As well as the
opportunities in class, he also gave students opportunities
to reason through problems in both writing and orally
through homework assignments, which were closely
aligned with his weekly quizzes (used in lieu of less
frequent, high-stakes exams). Shawn also stated that he
provided extensive individual feedback on a first draft of a
research paper, as well as automated relevant feedback on
the homework assignments. Therefore, classroom and
homework activities in both Seth’s and Shawn’s classes
supported the development of self-efficacy for course tasks
through mastery experiences.
The three instructors who did not see increases in student

self-efficacy for course tasks, however, gave exams or
quizzes only, or exams or quizzes in conjunction with
homework assignments that received little or no perfor-
mance-related feedback and were not scored for correct-
ness. For instance, Nick said that he emphasizes to his
students “over and over again the extent to which these
group activities and their time spent outside of class, which
I don’t know how much that is, but that the time they spend
going over these materials and studying them is the only
way they can learn.” However, his students are given no
formal homework assignments to practice the necessary
skills and no feedback beyond exam scores unless they
meet with him during office hours. Olga, who teaches
online and has limited resources in terms of time and
assistance, indicated that students have limited opportuni-
ties to practice the necessary tasks, and do not receive
feedback. Therefore, in Olga’s, Nick’s, and Jeff’s classes,
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students were provided fewer opportunities to engage in
mastery experiences than in Seth’s and Shawn’s classes and
received less feedback accordingly.
The two instructors (Seth, Shawn) whose students

achieved greater gains in self-efficacy for course tasks
and higher knowledge made no mention of student failure
experiences. Interestingly, however, the other three instruc-
tors all mentioned student failure as a common theme at the
first exam or quiz. With fewer opportunities for mastery
experiences and feedback before the first exam, and
therefore little metacognitive awareness of the discrepan-
cies between their perceived and actual knowledge upon
taking the first exam, exam failure was more salient. These
instructors indicated that their students are typically sur-
prised when they perform poorly. For instance, Olga
mentioned that students often get discouraged after the
first quiz because their scores are lower than they are used
to getting in other classes; Jeff said that students find the
first exam “very shocking” and that “the normal mode
for the average student is they tend to do poorly on the
first exam”.
Like all the instructors, Jeff tries to provide verbal

encouragement to the students, letting them know that if
they are willing to change their behavior and put in the
effort, they can do better. He stated that after the first exam,
the students are “angry because they feel they studied really
hard and yet they didn’t succeed,” therefore he has what he
calls a “defusing the bomb day.” During this meeting, he
shows them where the commonly missed items were
covered in the previous class materials to show them
“how the exam linked back to the activities we did” and
that they “could have gotten this question correct.”Whereas
the intention to make students responsible for their own
learning (through mastery experiences) and to encourage
them by letting them know that they are capable of
performing successfully with adequate effort (through
verbal persuasion) may be good, it is possible that pointing
out the students’ failure and implied lack of effort, when the
students feel they did put forth effort, may not have had a
positive effect on student self-efficacy for course tasks and
may have instead been quite discouraging.

2. Vicarious experiences

Another difference may relate to the employment of
undergraduate teaching assistants as peer models of success
(used in courses taught by Seth, Shawn, and Jeff), which
increased the degree of vicarious experiences available to
students in these classes. In all three cases, the under-
graduate teaching assistants were students who had pre-
viously taken the introductory course, performed well, and
demonstrated an interest in helping others. Both of the
instructors whose students exhibited increases in self-
efficacy for course tasks used undergraduate teaching
assistants in their courses who may have been perceived
as peer models of success by the students. Although one of

the three instructors (Jeff) without increases in student self-
efficacy for course tasks also used undergraduate assistants,
student teaching assistants may have played a much larger
role in the courses (Seth’s and Shawn’s) where student self-
efficacy for course tasks increased. The teaching assistants
in Jeff’s course (i.e., one without a significant increase in
self-efficacy for course tasks), for example, assisted with
in-class lecture tutorials and did minor clerical work.
However, in addition to assisting in class, the student
teaching assistants in the other two courses (Seth’s and
Shawn’s) held regular office hours for students, providing
another avenue for assistance and interaction with peer
models of success.
Were undergraduate teaching assistants regarded by the

students as peers? In other words, did students view
undergraduate teaching assistants vicariously, or did stu-
dents perceive them as experts (i.e., in much the same way
as a graduate teaching assistant or even the professor is and
so cannot be a vicarious source of self-efficacy)? We do not
have data in this study (e.g., from interviews with students
on their interpretation of the undergraduate assistants’ role)
to know for certain. However, the ways in which both
Seth and Shawn refer to the assistants heavily emphasizes
that they were very recently in the same position as the
students—they completed this same course only the semes-
ter or year before, struggled in the same ways as the current
students will, and so forth. As such, although their support
may also contribute to students’ mastery opportunities, the
structure is designed for them to be seen as knowledgeable
peers rather than experts and so their contributions to
vicarious experiences would be expected to dominate.

3. Summary of qualitative analysis

The main differences between the courses where stu-
dents demonstrated increases in self-efficacy for course
tasks and those that did not seems to be in more oppor-
tunities for mastery experiences (e.g., through scaffolded
instruction); more extensive, purposeful performance-
related feedback on those experiences; differences in the
type and timing of verbal persuasion offered; and more
extensive use of vicarious experiences (i.e., successful peer
models). One possible alternate explanation could be class
size: the two instructors whose students demonstrated
increases in self-efficacy for course tasks happened to
teach extremely large courses (600þ), whereas the other
three instructors’ courses ranged from under 35 up to about
160 students per section. However, we feel this is unlikely
to be related to gains in self-efficacy over the course
because common sense would lead us to believe that larger
classes would result in feelings of anonymity that could, in
turn, reduce self-efficacy. Another possible explanation
could be the nature of the university and/or students. For
instance, two of the three instructors who did not experi-
ence significant increases in their students’ self-efficacy for
course tasks mentioned the unique nature of their students,
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although there is little evidence to support their claims at
least with respect to the variables measured in this study
(i.e., their students’ preinstruction scores were not signifi-
cantly different from those at other institutions). Jeff
indicated that the university he teaches at is more of a
comprehensive college or open enrollment university with a
“half community college, half university crowd” of stu-
dents. Olga also stated that her students were a mix of
associate-level students and those transferring to four-year
universities, with many nontraditional students. However,
we do not believe the nature of the students can account for
the differences, as Jeff’s students exhibited not only
significant gains in knowledge over the course but also
relatively high self-efficacy for course tasks at preinstruc-
tion. We have no reason to believe that student effort made
a difference in pretest scores, which are (with the exception
of Nick’s students in knowledge) statistically the same, as
no class had a high level of nonparticipation vis-à-vis
incomplete or nonsense responses.

VI. DISCUSSION

This study investigated the impact of students’ self-
efficacy for course tasks and interest on their knowledge
about stars in undergraduate general education astronomy
courses. Both of these factors have been included in
conceptual change models such as the CRKM [1] as part
of personal relevance, which may result “from interest,
emotional involvement, [or] self-efficacy” [3], (p. 110).
Using sequential multiple regression, we found that the
combined preinstructional variables of prior knowledge
about stars (SPCI scores) and self-efficacy for course tasks
explained a significant amount of the variance in post-
instruction knowledge about stars—however, self-efficacy
for course tasks postscores explained more than twice as
much of the variance in postinstruction knowledge than the
preinstruction variables combined. We followed up the
sequential regression with a repeated-measures multivariate
analysis of variance (MANOVA) to examine potential
differences between instructors. Whereas all instructors’
classes demonstrated an increase in star knowledge from
pre to postinstruction, only two of the instructors’ classes
showed increases in self-efficacy for course tasks.
Furthermore, the greatest gains in knowledge were related
to this increased self-efficacy for course tasks. This finding
supports earlier research that indicates self-efficacy is
related to motivation, engagement, achievement, and the
use of metacognitive and self-regulatory strategies, as well
as the effort and persistence a learner exhibits when faced
with a difficult task [4,91–94]. The role of self-efficacy in
conceptual change within the CRKM remains an area in
need of study. As a hypothesized by the CRKM, self-
efficacy may have facilitated deeper engagement with the
topic, thereby increasing the likelihood for knowledge
change [1,3]. Furthermore, increases in self-efficacy may

promote persistence in engaging with the topic further [37],
which in turn could deepen understanding.
Based on our qualitative analyses of instructor inter-

views, it seems that specific instructional practices may
help explain the differences in self-efficacy for course tasks
postinstruction and subsequent differences in knowledge
gains among instructors’ students. In addition to the
extensive use of peer models of success, which may
increase vicarious experiences, these instructional practices
include incorporating more purposefully planned oppor-
tunities (both formal and informal) for students to practice
the skills necessary to succeed in the course (mastery
experiences) and receive more detailed feedback regarding
those performances throughout the course (particularly
before any major assessments such as exams take place).
In particular, it seems that continual opportunities to
perform the necessary actions for success while receiving
relevant, ongoing, elaborated feedback may have helped
students become more metacognitively aware of discrep-
ancies between their perceived level of knowledge and
actual level of knowledge while simultaneously continuing
to practice the skills and improve their performance. It is
likely that with ongoing practice and feedback, students
were better able to gauge their actual knowledge or
performance level and adjust learning strategies accord-
ingly, as well as increase their prospects for mastery
experiences throughout the course, which may have had
a positive impact on their self-efficacy for course tasks, and
subsequently, their content knowledge.
Levels of interest did not significantly explain any of the

variance in star knowledge scores at postinstruction. This
apparent disconnect seems contrary to perspectives that
theorize the importance of interest in conceptual change
(see, for example, Ref. [1]). However, our lack of a
significant finding may be due to a limitation in this study,
where we did not resolve levels of interest into finer-
grained categories. Linnenbrink-Garcia and colleagues
found no significant relationship between interest and
conceptual change when participants were combined into
an aggregate whole [95]. It was only when these research-
ers divided participants into specific levels of interest (high,
medium, and low) and specific levels of background
knowledge (also high, moderate, and low) were they able
to find a meaningful connection between interest and
conceptual change, and only at certain combination levels
(i.e., high interest and moderate background knowledge).

VII. LIMITATIONS

This study was conducted in five learning situations
across multiple instructors and institutions. Although we
have argued above that the participants and setting are
sufficiently similar that we can combine the data from the
courses, there may have been differences—whether pre or
postinstructional—not documented here that could influ-
ence the outcomes of this study. For example, some of the
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participating instructors (Jeff and Olga) felt that their
student populations might be different from what they
perceived as typical, but no such differences were noted in
the preinstructional variables (except for knowledge in
Nick’s class). None of the instructors noticed any behav-
ioral anomalies, nor were there noticeable differences
between classes in terms of responses that needed to be
removed for nonparticipation (e.g., “Christmas treeing” the
survey), that might suggest that a given class put forth less
effort than the others. Another potential confound relates to
the method of administration of the data collection instru-
ments. We do not believe this to be a factor given the close
preinstructional scores, but we cannot rule out the pos-
sibility of complications as a result of these differences.
Some might argue that the SPCI, which includes some

items that are low-level knowledge questions, can measure
only knowledge construction rather than conceptual
change. Whereas we agree that individual items cannot
do this, the SPCI—like many other concept inventories—is
specifically designed to measure changes about a single or
narrow group of related concepts. For example, Lindell,
Peak, and Foster identify different concept inventories and
evaluate their design methodology [63]. In doing so, they
note that 11 of the 12 instruments whose detailed design
information was available for analysis contain three or
fewer concepts (as determined by Lindell, Peak, and
Foster). Other data collection methods, such as interviews
or open-ended questions, would allow more detailed insight
into students’ understanding of stars, and such techniques
were used in the SPCI development process [24,73].
Although we believe the SPCI to be an appropriate measure
for the study, we acknowledge that we cannot differentiate
at this time whether students experienced deep conceptual
change, or a more ephemeral change in knowledge.
Our original hypotheses included that interest could

change over an introductory astronomy course, and that
interest could be a predictor of changes in knowledge as
suggested by the CRKM [1]. We found no significant
changes in interest nor any significant variance in post-
instructional SPCI scores explained by interest. One
possible reason for this may be the relatively high (∼4
on a 5-point scale) scores at pretest, particularly because all
of the courses satisfy general education requirements for
science and are therefore chosen by the students over other
science topics. A different data collection strategy—
whether through a modified or alternative instrument or
through interviews with students at various points in the
semester—might provide different insights than what we
observed here, and should be considered for future study.
Identifying the possible causes of changes to self-

efficacy is limited by the data collection, i.e., postinstruc-
tional interviews with the instructors in which they
self-reported on their course design and instructional
strategies. It was not possible to make observations of
the course or collect data from students about these aspects.

However, the first author had previous experience observ-
ing in some of the instructors’ classrooms, and felt that the
instructors’ responses to interview questions were reason-
able reflections of similar past courses. A more in-depth
study of courses, including perhaps an ethnographic
approach to studying the instructional environments, could
provide verification or refutation of our interpretations from
interview data. Additionally, the inferences made about
sources of self-efficacy assume that they apply equally to
men and women, as looking at gender differences was
beyond the scope of this study. Future research should
include opportunities to differentiate between gender to
determine whether the differences observed in, for exam-
ple, physics courses [37] and STEM career persistence
[96,97] are seen in introductory astronomy as well.
We argued in Sec. IV. C. that the analysis method

(specifically, sequential multiple regression analysis)
chosen here has advantages over normalized gain [66]
and better explains the variance of scores. If you were to
look at normalized gain, you would find that Nick’s class
has the second-highest normalized gain score, on par with
Seth’s and noticeably higher than those of Shawn, Jeff, and
Olga. This might suggest that Nick was able to improve
knowledge scores without a corresponding increase in self-
efficacy. Recall, however, that normalized gain is biased
toward higher pretest scores, which Nick had (i.e., his
class’s pretest score was significantly higher than all the
others). It therefore is not surprising that Nick’s class had a
higher normalized gain but not a corresponding significant
improvement in the sequential multiple regression analysis.

VIII. IMPLICATIONS FOR INSTRUCTION
AND FUTURE RESEARCH

Traditionally, self-efficacy has not been a major consid-
eration in the development of undergraduate science
courses, especially those taught in large-lecture format.
We have already seen that active engagement curricular
materials and instructional strategies improve learning
gains over traditional lecture courses. Some of these
materials provide opportunities for students to engage in
mastery experiences; however, it may be necessary to
explicitly identify these opportunities to students.
Additionally, elaborate, performance-related feedback on
the mastery experiences may be critical for such materials
to reach their full potential; if students do not know to what
extent they are succeeding or need more work, their self-
efficacy may not be improved as much as it might otherwise
be. Closely related to this is the broader source of verbal
persuasion. Our results suggest that incorporating positive
verbal persuasion early and often—especially prior to
major assessments such as exams—may improve upon
self-efficacy. Linking mastery experiences with perfor-
mance-related feedback and more general verbal persua-
sion may provide “more bang for the buck.” Finally,
vicarious experiences, such as the successful peer models
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used in some of this study’s courses, may also be beneficial
in promoting higher self-efficacy.
The inclusion of self-efficacy, as part of motivational

characteristics of the learner in a warm conceptual change
model such as the CRKM, may provide some insight into
the mechanisms by students’ knowledge changes are
facilitated. This kind of research, which goes beyond the
simple identification of “what works” and instead tries to
better understand the cognitive factors that influence deeper
learning is lacking in current undergraduate astronomy
education research [10]; for an example in physics, see
Ref. [62]. There may also be implications here for faculty
professional development, whereby faculty may learn how
to better attend to characteristics such as self-efficacy in
order to optimize their students’ changes in knowledge.
Finding ways to bolster self-efficacy in introductory
science courses, especially those for nonscience majors
and which may include many future teachers [13], is a
worthy goal.

Additional research is needed to better understand
the role of self-efficacy in knowledge construction and
reconstruction. For example, future studies could investigate
this issue with a variety of different topics, which may also
contribute to the accumulating evidence for domain speci-
ficity of self-efficacy [5]. Although it did not make a
difference in predicting postinstruction knowledge in this
study, understanding more about students’ interest in
astronomy may be worthwhile given the large population
of students in such courses [12] and the increasing attention
on professional development for astronomy faculty (e.g.,
Refs. [98,99]). Improving our ownmodels of the knowledge
change processes will ultimately allow us to better facilitate
deep understanding for our students.
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