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Development and validation of an astronomy self-efficacy instrument
for understanding and doing
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This paper presents a new astronomy self-efficacy instrument, composed of two factors; one relating to
learning astronomy content, which we call astronomy personal self-efficacy, and the other relating to the
use of astronomical instrumentation, specifically the use of remote robotic telescopes for data collection.
The latter is referred to as the astronomy instrumental self-efficacy factor. The instrument has been tested
for reliability and construct validity. Reliability testing showed that factor 1 had a Cronbach’s «a of 0.901
and factor 2 had a Cronbach’s a of 0.937. Construct validity was established by computing one-way
analyses of variances, with the p value suitably protected, using independent variables peripherally related
to the constructs. These analyses demonstrate that both scales possess high construct validity. The
development of this astronomy specific instrument is an important step in evaluating self-efficacy as a
precursor to investigating the construct of science identity in the field of astronomy.
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I. INTRODUCTION

Improving science education is an imperative goal for
current education systems in order to keep pace with
technological growth and development as well as to address
global issues around health and the environment. Despite
decades of recognition that there are fundamental issues in
science education, and numerous attempts to address these
[1,2], there is still a striking lack of scientific understanding
in the general population in the United States and other
countries [3—5] contributing to societal norms that affect
responses to global crises in such areas as climate change
and viral pandemics [6]. Part of this deficiency could
reasonably be attributed to a lack of interest and/or a lack of
self-efficacy in science leading to low uptake of higher
science courses in both high school and undergraduate
courses as well as low interest in compulsory high-school
science classrooms. Declining interest in science in schools
has been documented numerous times over the past 20 years
[3,7-10] with many studies looking for strategies to
counteract this declining interest [11-14]. Studies on moti-
vation [15-18], attitude [10,18,19], emotional impact [20],
social settings [21,22], classroom environments [23-26],
and other factors are important as they form the basis for the
development of one’s self-efficacy in a given context [27].
This further informs how best to create an education system
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that has real and permanent impacts, to increase personal
self-efficacy for students as well as future development in
the wider communities in science self-efficacy.

In a 2012 report to President Obama [28], the President’s
Council of Advisors on Science and Technology (PCAST)
reported that the United States needed another one million
science, technology, engineering, and mathematics
(STEM) graduates over the next decade in order to retain
its preeminence in science and technology. Specific rec-
ommendations from this report included directives to
“expand the use of scientific research and engineering
design courses in the first two years [of college] through a
National Science Foundation (NSF) program” and to
“expand opportunities for student research and design in
faculty research laboratories.” In order to see higher
enrollments and further pursuit of science in educational
and career paths, students need to both “like” science
(attitudes; [3]) and “think they can do” science (self-
efficacy; [29,30]). Seymour and Hewitt [31] showed that
the most common reason students gave for moving out of
science fields in school was a loss of interest combined with
a sense of lack of relevance to their own lives.

A clear discrepancy exists between student interest in
“science” versus “school science” all the way from
elementary [32] to undergraduate institutions [33-35].
This has also been documented to impact undergraduate
students’ experience of Research Experience for
Undergraduates (REUs). The REU program is defined
by the Council on Undergraduate Research [36] as “A
mentored investigation or creative inquiry conducted by
undergraduates that seeks to make a scholarly or artistic
contribution to knowledge.” Studies have found that often
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the students expect the research experience to be like their
college laboratory experience [37,38]. Early scientific
research experiences, or experiences with research instru-
mentation, have been shown to increase students’ science
self-efficacy as well as their science identity [39-41] and
help retain students in undergraduate science courses
[42-44]. Self-efficacy is also a key mediator in identity
development [39] and therefore this study developed a
specific indicator for astronomy self-efficacy in both
knowledge and user instrumentation.

II. THEORETICAL FRAMEWORK

It is a well-established finding in the education literature
that self-efficacy leads to course persistence [20,45,46]. It
can also have a positive effect on conceptual change [47].
For instance, two of the four facets of motivation for
learning in the cognitive reconstruction of knowledge
model [48] include high self-efficacy within the domain
of personal relevance and the social context of learning.
Carlone and Johnson [49] discuss the dimensions as a
juxtaposition of one’s own beliefs and influence from
others, as well as one’s competency in their performance
as drivers for science identity. Similarly, these beliefs and
competencies are strongly reflected in Bandura’s frame-
work of self-efficacy.

A. Self-efficacy

The notion of self-efficacy is constructed on the two
latent factors of personal self-efficacy beliefs and outcome
expectancies [29,50]. Bandura’s self-efficacy framework
[29] describes strong relationships between various factors
that interact and influence each other. These are explained
through social cognitive theory where mastery experiences,
vicarious learning experiences, social persuasion experi-
ences, and personal physiological states interact. Sawtelle
et al. [51] found that mastery experiences are more
important predictors of success in introductory physics
courses for men than for women. For women, the vicarious
learning experiences were greater predictors of success.
The notion of the development of one’s self-efficacy is
context specific, and therefore would be evident under
various circumstances [52,53]. In this study the context is
participation in astronomy programs, which may or may
not use telescopic instrumentation. Therefore, these pro-
grams provide an avenue for mastery and vicarious learn-
ing, and as they are based on teamwork would also have the
potential to provide the verbal and social persuasion factors
of self-efficacy. Bandura [27] stressed the importance of
mastery experiences “because they provide the most
authentic evidence of whether one can muster whatever
it takes to succeed” (p. 80). Furthermore, research into
teaching self-efficacy has also shown that emotional
arousal is an important factor to allow deep engagement
with the subject material [54,55]. As such, the design and

tutelage of a program is paramount in influencing a positive
outcome of increased self-efficacy to the future use of the
learned material [56]. There is a strong mismatch between
science as taught in a content-focused course and what it
means to “‘do science” in real life. This mismatch can influence
identity development in a negative manner [57-60]. As
Robnett et al. [41] found in their longitudinal study of 251
college students, greater levels of research experience pre-
dicted higher levels of science identity, which was mediated
by an increase in self-efficacy in science.

B. Science identity

Identity can be defined as the collection of self-views
that result from participation in activities and membership
within a particular community [61]. Science identity
involves the desire to be a “science type person” as well
as socialization into the norms and discourse of science
[62]. A student’s science identity is an important precursor
of competence beliefs [63,64]. Interest is thought by some
to be a primary driver of science identity [65] and recently
Colantonio et al. [66] described an astronomy identity
framework with the four dimensions of interest, utility
value, confidence, and conceptual knowledge. Applying
structural equation modeling they found that interest in
astronomy in middle school students has a greater effect on
identity for girls than for boys and that the effect on boys
was mediated through utility value. Additionally, they
found that interest in astronomy, perceived utility, and
identity decrease significantly with increase in grade level.
Hazari and colleagues [67] found that physics identity in
secondary students was exemplified through the use of the
four dimensions of recognition, interest, performance, and
competence. They found the development of identity is
through the complex interplay of one’s ability to identify
self-defining characteristics and experiences, define shared
experiences with others and then place these within a
specific context. These contexts are strongly influenced by
one’s own expectations and perceptions and thus aspects of
one’s identity will be shaped by their own sense of self in
both positive and negative ways. Again, this “sense of self”
influences the construct of self-efficacy.

Identity is also key in determining retention in college
STEM pathways [40]. Lopatto [68] showed through
surveys given to college students and again nine months
later, that participation in science research experiences
increases the chance that students will persevere in a
science education and career pathway. Having students
use the same equipment and techniques as professional
astronomers can provide authenticity for students as they
are participating within a larger community of practice
[69]. As students gain a sense of ownership over their data
and images, they begin to see themselves authentically
participating in scientific research and discourse within the
larger scientific community [70], which enhances their own
sense of identity as a scientist.

010117-2



DEVELOPMENT AND VALIDATION OF AN ...

PHYS. REV. PHYS. EDUC. RES. 18, 010117 (2022)

Astronomical images using telescopes provides vital
scientific information for the development of space explo-
ration and furthering knowledge. Research into the influ-
ence of incorporating art and imagery [71,72] to improve
girls’ science engagement demonstrates the importance for
the use of astronomical imaging technologies to increase
the future success of women in astronomy. A potential
significant outcome in the study of the impact of telescope
use is improving access for women and minorities to the
STEM pipeline [15,21,22,73-77]. Furthermore, empirical
investigations suggest that the culture of science, which
tends to be exclusionary of women and their needs [78] is a
potential cause of the gender gap in science performance,
which first develops during the middle-school years. For
secondary students, explicit discussion of the underrepre-
sentation of women in physics positively impacted physics
identity for female students. As one might expect, it had no
impact on male students’ physics identity [67]. Research
shows the importance of having female role models in
influencing STEM pathways for girls [79,80]. Furthermore,
it has been found that lack of female role models and
identity for women as scientists is a likely cause for the
decline in motivation to pursue science [81,82]. Gonsalves
[83] has reported on the lack of access to resources in
physics and astronomy for women compared with men in
both highly developed and less developed countries [84].
While women make up 35% of astronomy and astrophysics
doctoral program enrollments, they make up only 19% of
the faculty positions in the United States with no change
in this percentage between the 2010 and 2014 surveys
[84,85]. As reported by Barthelemy et al. [86], sexism and
gender microaggressions are part of the cultural environ-
ment in physics that may discourage women from partici-
pating in physics and astronomy. It would be conceivable
that the use of remote telescopes removes the observer
from direct interaction with a telescope operator, thereby
decreasing opportunities for stereotype threat and micro-
aggressions and could help close the gender gap.
Involving young women in astronomy research also helps
to transform their identities as scientists and so provides
an influence in their pursuit of STEM fields [83]. Hazari
et al. [67] found that the strongest predictor of physics
identity among career outcome expectation variables was
a desire to pursue an intrinsically fulfilling career. They
referred to this finding as a “fundamental imbalance”
whereby those who come from circumstances that afford
them knowledge-based motivation may opt into physics
whereas those who are underrepresented often have
socioeconomic motivation to pursue other pathways.
Large-scale access to remote telescopes in large intro-
ductory astronomy classes or online courses has the
potential to remove such negative influences for those
underrepresented in astronomy. Given the desirability
of developing a strong sense of science identity in
such populations and the relationship between it and

self-efficacy, an important first step is to develop a reliable
and valid way of measuring self-efficacy.

III. BACKGROUND

While there have been self-efficacy instruments for
science teaching [20] and astronomy teaching in particular
87]], there are no self-efficacy focused instruments for
“understanding” and “doing” astronomy for students. As
self-efficacy is domain specific, developing a self-efficacy
instrument to measure potential changes in instrumental
and astronomical self-efficacy is needed. There is a general
science self-efficacy factor in the Astronomy and Science
Student Attitudes instrument [49] but no astronomy spe-
cific factor. Bailey et al. [88] used a five item self-efficacy
instrument focused on stars and found that the greatest
knowledge gains measured by the Star Properties Concept
Inventory (SPCI) were related to the measured increase in
self-efficacy for specific course tasks focused on learning
about stars. However, there are no known self-efficacy
instruments specific to general astronomy and telescope use
that have been robustly validated. In general, astronomy
self-efficacy has not been extensively studied.

Part of the motivation for the construction of this
instrument is to probe the effect that research experiences
have on participants self-efficacy for understanding and
doing astronomy. With the recent expansion in interest in
teacher research experiences [89,90] and undergraduate
research experiences [35,37,89] it is crucial to understand
the impacts of these programs and, which components are
creating positive impacts. Wooten et al. [91] provide a
pathway diagram, adapted from Corwin et al. [92], that
presents a complex, hypothetical, flow of how, in particular,
undergraduate research experiences can influence students
in the short, medium and long term. This research is
particularly interested in the medium and long-term out-
comes, summarized in Fig. 1. As one of the key elements of
the model is self-efficacy, it is necessary to have a robust
validated instrument able to probe this construct.

In the context of high school, undergraduate, and teacher
research experiences in astronomy, the most relevant
research technology that is likely to be used is either a
robotic, or remotely accessible, telescope or data that has
been previously collected by such a telescope. In the
context of this study, the use of this technology was of
particular interest as the sample was drawn from courses
that utilize these technologies. Hence the focus was on
astronomy self-efficacy in general and self-efficacy in the
use of the astronomical technology, robotic telescopes. The
other area that would likely be used is data mining in
the field commonly termed “big data,” such as that used in
the NASA/IPAC Teacher Archive Research Program
(NITARP) [49,93,94]. As the population sample did not
interact with big data, a self-efficacy scale for this tech-
nology was not attempted but this is an area that will likely
benefit from a self-efficacy scale in the future.
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FIG. 1.

Diagram of how research experience inputs influence medium- and long-term outcomes for students. Increased self-efficacy

leads to enhanced science identity, persistence in science, and increased STEM career choices.

With the general shift towards online courses, as well as
public health crises mandating online learning, it could be
argued that there is an even greater need for studies
involving remote tools for learning in addition to remote
teaching pedagogies. With the rapid growth of remote
telescope technology and programs for students to use this
technology [95,96], understanding the impact of these on
student outcomes is important. It is a professionally shared,
but as yet not robustly tested, opinion that using a research-
grade telescope during a course improves students’ self-
efficacy and makes them feel like they “can do” astronomy
[44,97,98] albeit when executed with careful focus on
quality educational design [99]. Promising initial work has
shown a correlation between self-efficacy and positive
attitudes in robotic telescope undergraduate courses [43],
however, positive shifts at the high school level have so far
not been measured [100]. It is not yet clear, mainly due to a
lack of explicit studies with robust instrumentation, the
extent to which attitudes shift in such courses. Attitudes to
astronomy, in contrast to self-efficacy, are likely to be a
more difficult construct to shift, having been built up over a
significant length of time over numerous experiences in an
individual’s life course, than more amenable constructs
such as self-efficacy or content knowledge. Research on
attitudes using the “Survey of Attitudes towards
Astronomy” (ATA) [101] have shown a resistance to
change [102,103].

IV. STUDY CONTEXT

Throughout the United States and the rest of the world,
astronomy programs are expanding significantly as evi-
denced by the growing participation in the Las Cumbres
Observatory Global Sky Partners Program [104], as well as
the increased global participation both in the Our Solar
Siblings astronomy research courses [99] and the Institute
for Student Astronomical Research seminars [105].

Astronomy courses are known to play the dual critical
roles of being both a “gateway” science [106] and often the
last science course that undergraduate students experience
in their academic careers [107]. Given the focus in the
literature and the importance of developing the precursor
feelings of self-efficacy in the development of science
identity, the specific aim of this work is to provide a new
self-efficacy instrument targeted to measure the impact of
astronomy programs. This allows for refinement to the
designs of astronomy programs that incorporate the use of
robotic telescopes. The research question at the heart of this
study investigates the validity and reliability of an instru-
ment that probes both astronomy personal self-efficacy
and instrumental (the use of telescope technologies) self-
efficacy as a precursor to developing science identity.

V. METHODS

A. Instrument development

In conducting the literature review of self-efficacy
surveys in science education, we uncovered a number of
STEM-related self-efficacy surveys [108—110], but none
of these were specific to the use of robotic telescopes.
Following Bandura’s Guide to Constructing Self-Efficacy
Scales, [30] the authors used the basis of a widely
used, validated, and reliable survey known as the Science
Teaching Efficacy Belief Instrument (STEBI) [23,111,112].
The STEBI-A and STEBI-B instruments involve two con-
structs, Personal Science Teaching Efficacy, and Science
Teaching Outcomes Efficacy, which are based on a con-
ceptual understanding of one’s own capabilities and, the use
of these in future teaching practices to affect students’
learning. Using these broad general constructs as a guide, we
developed new items that related to students’ efficacy in
relation to their astronomical content knowledge and to their
perceived self-efficacy in being able to learn how to use the
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instrumentation associated with using online robotic tele-
scopes and associated instrumentation. Thus, we developed
a survey containing 27 new items theorized to probe these
two aspects of “astronomy self-efficacy.” Moreover, unlike
the original STEBI instruments, we employed an 11-point
Likert scale of 0 = Strongly Disagree to 10 = Strongly
Agree as recommended by Bandura [30].

The goal was to use the constructs of one’s personal
astronomy conceptual understanding (the personal aspect)
as a basis for the use of telescopic equipment to collect and
analyze data (the outcomes). These new items are based on
both basic astronomy course content and associated
research on the use of robotic telescopes in education
[113-115]. Data collection involved using SurveyGizmo
where the survey was distributed to four undergraduate
astronomy classes at the University of North Carolina,
Chapel Hill in early November 2018.

B. Data collection

Two cohorts of students (cohort A and cohort B)
undertook the survey. Cohort A comprised 252 students
one month into a semester-long astronomy course involv-
ing the use of robotic telescopes. Cohort B comprised 72
students who were undertaking a regular semester-long
astronomy course that did not involve the use of robotic
telescopes. We used cohort B as a comparison group to test
the factor of the “doing” aspect of self-efficacy. Instructors
allowed students to complete the surveys in class.

We examined the raw data from both cohorts to eliminate
any cases with a semblance of pattern marking. In addition,
we removed students from cohort B who reported having
used telescopes in the past as these could invalidate the
assumption that this group had not used this form of
instrumentation. This left a dataset of 243 usable responses
from the lab group and 58 from the nonlab group.

1. Overview of statistical procedures

We employed the Statistical Package for the Social
Sciences (SPSS; v26) to compute both an exploratory
factor analysis (EFA) on the data obtained from cohorts A
and B and also reliability analyses on the suggested
interpretable factors. In addition, we computed the
Cronbach’s a for each of the groups both individually,
that is, for those who had used, and those who had not used,
a robotic telescope, and collectively to establish the internal
consistency of responses to the items in the potential scales.
Before computing the construct validity analyses of the
potential scales identified by the previous two processes,
we extracted a random sample of 58 cases from cohort A to
match the N of cohort B. Although one-way analyses of
variance (ANOVA) is a robust statistical procedure for
different group sizes, we wished to avoid any biases that
could be otherwise controlled. This “balanced” dataset
yielded an N = 116 cases on which we computed two

Eigenvalue

0 —o—o
123 456 7 89 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27
Component Number

FIG. 2. Scree plot of eigenvalues.

one-way ANOVAs to establish the degree of difference for
the two potential scales.

C. Exploratory factor analysis

We computed the EFA using SPSS v26 [116] for all 324
cases from both cohort A and cohort B. The Kaiser-Meyer-
Olkin (KMO) test for sampling adequacy and Bartlett’s test
of sphericity were computed yielding a KMO of 0.926,
which indicates an adequate sample size relative to the
number of test items. Bartlett’s test of sphericity, based on
the Chi-squared value of 5680, can reject the null hypoth-
esis that there is no factor structure among items,
p < 0.0001. We employed a principal components extrac-
tion with oblimin rotation because we hypothesized that the
factors of interest would likely be correlated.

VI. RESULTS

The initial factor solution displayed five (5) potential
factors with eigenvalues greater than 1 explaining 67% of
the variance. The scree plot shown in Fig. 2 clearly
indicates one main factor, with an eigenvalue of 9.823
which is responsible for 36% of the variance. The abrupt
change in the gradient of the scree plot at component 3
suggests that it would be useful to explore a two-, three-,
and four-factor solutions [117-120].

The unconstrained factor analysis suggesting five factors
produced problems in interpretation. For example, compo-
nents 3, 4, and 5 showed loadings scattered across multiple
components. This tends to indicate that they do not exist as
separate constructs. Detailed inspection of the pattern
matrix indicated that there appeared to be only two factors
at play. Subsequent computations were done constraining
the number of factors to 2, 3, and 4.

The computation constraining the analysis to two com-
ponents yielded clearly interpretable factors. Factor 1, with
an eigenvalue of 9.823 is responsible for 36.38% of the
variance. Factor 2, with an eigenvalue of 4.389 is respon-
sible for a further 16.256% of the variance. Table I shows
the output for the two-factor solution. Table I indicates that
both factors are negatively correlated. The correlation
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TABLE I. Pattern matrix from principal component analysis constrained to two factors.
Component

Pattern matrix® 1 2
Q5 After I finish this course, I feel that I can succeed if I take the next level of astronomy class 0.835
Q6 I can explain how spectroscopy works 0.768
Q1 I can do astronomy 0.768
Q8 Most astronomy concepts are easy to learn 0.742
QO I can explain why stars are different colors and brightnesses 0.736
Q10 I feel that I can, with relative accuracy, visualize the universe at all different scales 0.701
Q15 I can do the math needed in an introductory astronomy course 0.680
Q4 T can explain how eclipses occur 0.674
Q17 I would be able to use parallax measurements of objects within our solar system to measure the 0.668

astronomical unit
Q11 I have a good grasp of what objects exist within and around our galaxy 0.665
Q12 The current scientific model of the origin and evolution of the universe is clear to me 0.665
Q2 I can explain how the length of the day changes with latitude 0.659
Q18 I can learn math well enough to be an astronomy major 0.641
Q7 Astronomers have a solid grasp of space and time
Q25 I can show someone how to request an image from a remote telescope using an online portal —0.965
Q24 Selecting different filters for a remote telescope observation is easy —0.955
Q23 T am able to request telescope images through a web-based portal —0.940
Q26 I know how to use remote telescopes —0.900
Q21 Adjusting the brightness and contrast levels in astronomical images is straightforward —0.845
Q27 I can learn how to use a remote telescope —0.738
Q22 I could identify objects that are moving across the sky by examining a series of astronomical images —0.693
Q16 Given appropriate information about standard candles (RR Lyrae, Cepheids or Type la Supernovae), —0.654

I can calculate their distance
Q14 I can measure angles between objects in astronomical images 0.362 —0.620
Q13 I can distinguish between a globular cluster and galaxy in a telescope image —0.524

Q20 Astronomers know how to use telescopes to take images of galaxies and nebula

Q19 Astronomers need to be able to do complex math

Q3 Explaining how variable stars change brightness over time is really challenging

Extraction method: Principal component analysis.
Rotation method: Oblimin with Kaiser normalization.
“Rotation converged in seven iterations.

coefficient of these two factors is —0.264. This negative
correlation is likely since students’ experience of robotic
telescope systems is very limited while, conversely, they
have likely experienced astronomy courses during their
studies at school.

A. Factor interpretation

Factor 1 appears to be related to the construct of
Astronomy Personal Self-Efficacy (APSE). Table II shows

TABLE 1II. The three highest loading items contributing to

factor 1.

APSE item EFA

After I finish this course, I feel that I can succeed 0.835
if I take the next level of astronomy class

I can explain how spectroscopy works 0.768

I can do astronomy 0.768

the three highest loading items together with their loading
values. The items in this APSE factor all relate to
identifying personally with understanding astronomy and
astronomy concepts.

Factor 2 appears to be related to a construct of an
instrumental component of self-efficacy. Table III shows
the three most heavily loading items in relation to using a
telescope through an online portal. This factor relates to

TABLE III.  The three highest loading questions contributing to

factor 2.

ISE item EFA

I can show someone how to request an image —0.965
from a remote telescope using an online portal

Selecting different filters for a remote telescope —0.955
observation is easy

I am able to request telescope images through —0.940

a web-based portal
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TABLE IV. Reliability statistics for the individual and combined cohorts.

Scale Cronbach’s a F test p value Tukey index
Cohort A N = 243 APSE 0.881 F(1,242) = 0.008 p = 0.930 0.986
ISE 0.929 F(1,242) = 1.219 p = 0.270 1.287
Cohort B N = 58 APSE 0.814 F(1,57) =0.775 p = 0.379 1.221
ISE 0.814 F(1,57) = 0.406 p = 0.524 1.190
Cohort A+ B N = 301 APSE 0.896 F(1,300) = 0.012 p=0913 0.985
ISE 0.942 F(1,300) = 0.230 p =0.631 1.150

how students feel about their adequacy to deal with
the instrumentation aspects of using a robotic telescope in
an online fashion. The items in this Instrumental
Self-Efficacy (ISE) factor are more focused on one’s
perceived ability to interact with the remote telescopes
and astronomical images leading to the doing aspect of
self-efficacy.

B. Reliability analyses

Consistent with the principle of parsimony, we explored
reducing the number of items to which participants would
have to react. Rather than responding to all 27 items in the
survey, it is better for respondents to respond to fewer items
in a highly consistent fashion on each of the potential
scales. We computed reliability analyses for the items in
each of the potential scales supplied by each of the two
cohorts separately since the response data were likely to
differ given that one cohort had used robotic telescopes in
their course and the other had not. We employed the
following criteria when we assessed the reliability of the
items in the two scales:

1. Cronbach’s a had to be high for the scale
(>0.7); and,

2. Tukey'’s test of additivity had to be close to 1 so that
the individual item response scores (0 to 10) could
be added to produce a scale.

Table IV presents the outcomes of the reliability analyses
computed both separately for each cohort and for both
together. The table shows Cronbach’s «, the results of the test
for additivity and the Tukey index to which responses should
be raised in order to achieve additivity of the individual item
scores. This last statistic should be close to “1” if the
responses are to be added. Otherwise, mathematical trans-
formations are required. Previous experience as a “rule of
thumb” accompanied by modeling has taught the current
researchers that the range of acceptable values is 0.7 <
Tukey index <1.3. Given that the EFA indicated 13 items
could potentially be included in the scale, items were
successively eliminated but still met the above two criteria.

Table IV shows that for the APSE potential scale
for both cohorts in which eight items are employed,
Cronbach’s a is 0.896 with a nonsignificant test of
additivity [F(1,300) = 0.012, p = 0.913] and a Tukey’s
estimate of power to achieve additivity = 0.985. Table IV

also shows the extent to which these statistics are also
acceptable for the two cohorts of students separately.

Table IV shows that for the ISE potential scale
comprising five items for both cohorts possess a
Cronbach’s @ = 0.942 and a nonsignificant test of addi-
tivity [F(1,300) =0.230, p =0.631] with a Tukey’s
estimate of the index to achieve additivity = 1.150.
Table IV also shows the extent to which these statistics
are acceptable for the two cohorts of students computed
separately.

These statistics for both potential scales for the entire
group of respondents indicate that the raw item scores can
be simply added together to produce a scale score with a
high degree of internal consistency. Moreover, Table IV
also shows that the potential scales for the separate cohorts
of students A and B who had, respectively, used and not
used robotic telescopes, also behave well in terms of
reliability and additivity. We used SPSS to compute scale
scores for these two factors by simply adding the relevant
individual item scores together to produce a total with the
range of scores for APSE being O to 80 and the range for
ISE being 0 to 50.

C. Construct validity analyses

We tested these two scales to see if they measure what we
hypothesized them to measure. We explored the construct
validity of the scales using items as independent variables
that did not load onto either of the factors. To do this,
several one-way ANOVA were computed. Given that the
researchers computed four separate univariate computa-
tions, the p value was modified using a full Bonferroni
protection, that is, the p value of 0.05 was divided by 4 and
had to be less than 0.0125 to be recognized as potentially
significant. When more than two groups were present in the
IV, post hoc multiple comparisons with Student-Newman-
Keuls protection [121] of the p value were computed to
examine further the extent to which the hypotheses
appeared to be consistent with expectation. We give a full
explanation of this multiple-comparisons procedure in the
context of interpreting the output in the next section.

1. Testing the construct validity of the Astronomical
Personal Self-Efficacy scale

We hypothesized that those who have a higher sense of
APSE would be more likely to strongly agree or agree with
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TABLE V. Multiple comparisons using SNK for homogeneous subgroups of APSE based on the item indicated. Note that means for

groups in homogeneous subsets are displayed.

APSE
Subset for a = 0.05

I can explain how eclipses occur N 1 2 3 4 5
0 Very strongly disagree 3 7.333
1 4 11.500
2 5 20.800 20.800
3 10 22.400 22.400
4 7 32.429 32.429
5 14 36.000 36.000 36.000
6 31 42.613 42.613 42.613
7 35 46.657 46.657 46.657
8 50 49.440 49.440
9 48 51.229 51.229
10 Very strongly agree 94 54.564
Significance 0.056 0.053 0.080 0.079 0.262

the statement that “I can explain how eclipses occur” in
comparison with those who did not possess a sense of high
astronomical personal self-efficacy. The null hypothesis is
thus that there is no difference in the mean scale scores of
those who responded differently to the independent vari-
able. We computed a one-way ANOVA with post hoc
multiple comparisons to test this hypothesis.

Consistent with expectation, the analysis indicated there
was a significant difference across the mean scale scores
[F(10,290) = 18.478, p < 0.0001] depending on their
level of agreement or disagreement with the statement of
the independent variable “I can explain how eclipses occur.”
This led us to reject the null hypothesis of no difference. In
probing the differences between subgroups on the IV, the
Student-Newman-Keuls (SNK) multiple comparisons test
was employed. In any multiple comparisons examination of
the differences between groups of scores, if one was to
extensively check for differences amongst the 11 response
groups (0 to 10) on the IV, then there would be 55 possible
paired comparisons usually computed using separate # tests.
However, one can no longer accept the p value of 0.05 as the
level below which a difference between any two subgroups
on the independent variable (IV) is significant as one might
do for a single pair because the confidence level that the
difference is real is very small, that is, the confidence level of
a difference in any of the 55 separate univariate analyses of
pairs of groups falls to (1-0.05)>° given that the IV has 11
response categories.

To maintain the p < 0.05 for each of those multiple
comparisons, one would need to drop the p level to
0.05/55 or p < 0.0009 in order to claim that the difference
between the mean scores of any two subgroups is signifi-
cant. This is described as a “full Bonferroni correction.” It
is notoriously conservative [122].

There are many other procedures in which the p value
can be protected to guard against a type 1 error, that is,

saying that there is a significant difference between the
mean scores of any two subgroups when in fact there is not.
These multiple-comparison protections include Duncan,
Scheffé, Tukey, or Dunnets T3, etc., each with statistical
assumptions that the researcher must meet. These are
available in packages such as SPSS. One of these, the
SNK protection is not dependent on the individual group
sizes and lies in the middle of the level of conservativeness
from computing multiple ¢ tests and accepting the p < 0.5
(not at all conservative and with the many dangers of
multiple opportunities for making a type 1 error) through to
employing a full Bonferroni correction [very conservative
(i.e., a p < 0.05/55)]. With SNK the p level is protected
but it is neither overly conservative nor too liberal. Table V
thus presents the output for the multiple-comparisons
analysis using a SNK protection.

The results indicate a clear pattern of reduction in the
mean scores of APSE corresponding with a decrease in the
strength of agreement with the above statement used as
the I'V. Students who most strongly agree with the statement
“l can explain how eclipses occur’ have the highest
personal self-efficacy scores (means = 54.6 and 51.2 for
the two highest scoring groups). The five groups that are
found in this same column of Table V indicates that the
group means of those who ticked 6,7, 8, 9, or 10 are not
significantly different from each other. This “Group 5” is
described as a “homogeneous subset” whose mean scores
do not significantly differ from each other. The p level for
the differences is given at the bottom of the column, which
in this case is p = 0.262. Nonetheless, the mean personal
self-efficacy scores decrease as the level of agreement with
the IV statement decreases.

The next homogeneous subset whose mean scores are
not significantly different from each other is indicated in
column 4 of the Table V and comprises those who ticked
5, 6,7, 8, or 9 on the IV. However, the overall mean score
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TABLE VI. Multiple comparisons using SNK for homogeneous subgroups of ISE based on the item indicated. Note that means for
groups in homogeneous subsets are displayed.

ISE

Subset for a = 0.05

Q22 I could identify objects that are moving across the
sky by examining a series of astronomical images N 1 2 3 4 5 6
0 6 6.000
1 7 16.857
3 10 21.800 21.800
2 9 26.333 26.333
5 29 29.621 29.621
4 18 34.333 34.333
6 29 35.103 35.103
7 37 39.973 39.973
8 41 42.390 42.390
9 41 45.634
10 74 48.014
Significance 1.000 0.158 0.067 0.061 0.099 0.100

for this homogenous subset is significantly different from
the subset found in column 5 at the p-level of 0.05 shown
across the top of the five columns of mean scores.

Thus the 11 subgroups who responded O to 10 on the IV
are formed into five “homogeneous subsets” within which
the mean scores are not significantly different from each
other and with the significance level given at the bottom of
each column for each homogenous subset. However, each
of these five homogeneous subsets is significantly different
from the others as indicated by the 0.05 level at the top of
the five groups.

Therefore, we can conclude that the scale hypothesized
to measure Astronomical Personal Self-Efficacy possesses
a very high level of construct validity. It is measuring what
it is hypothesized to be measuring: the level of stu-
dents’ APSE.

2. Testing the construct validity of the Astronomy
Instrumental Self-Efficacy scale

When students learn how to use remote telescopes,
one of the concepts inherent in the learning is the
idea that almost all the objects in the sky appear to move
across it in a regular fashion, while certain objects such as
planets, the Moon, spacecraft and meteors, move differ-
ently relative to the background stars and galaxies. We
hypothesized that students who possess a high sense of
self-efficacy around the use of remote telescopes would
more strongly agree with the statement “I could identify
objects that are moving across the sky by examining a
series of astronomical images” as the IV compared
with those who disagree. Again, the null hypothesis
for this analysis is that there will be no difference in
the mean scores across the response categories of the
independent variable.

We again computed a one-way ANOVA with post-hoc
multiple comparisons with SNK protection to test this
hypothesis. Consistent with expectation, the analysis indi-
cated there is a significant difference in the mean scale
scores [F(10,290) = 28.495, p < 0.0001] leading us to
reject the null hypothesis. Table VI, again using Student-
Newman-Keuls protection, identifies the homogeneous
subsets and shows that with the exceptions of subgroups
who ticked 2 and 4 on the independent variable, as the level
of agreement with the above statement increases so does the
mean ISE score. We can conclude, therefore, that the ISE
scale possesses high level of construct validity.

3. Testing ISE and APSE with cohort A and cohort B

As indicated in Sec. V.B. 1, we extracted a random
sample of 58 cases from cohort A to match the N of
cohort B. We created a new IV to indicate membership of
each cohort.

We hypothesized that the APSE would be less likely to
show any differences across the two cohorts given that both
were enrolled in an astronomy course at the same level of
study in the same semester at the same university. Here, the
null hypothesis is that there is no significant difference in
the mean scores of the APSE scale. In contrast, we
hypothesized that the ISE scale score would likely show
major differences given that cohort A had used robotic
telescopes as part of their coursework while cohort B had
not. Thus, we hypothesized that the random sample of 58
cases taken from cohort A would have a higher self-efficacy
in ISE than the 58 cases in cohort B. The null hypothesis in
this case is that there is no statistical difference in the mean
scores of the two cohorts.

In all of the distributions shown in Figs. 3 and 4, a
normal distribution overlays the bar chart. Figure 3
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40

.00 20.00 40.00 60.00 80.00
Astronomy Personal Self-Efficacy scale score

Mean = 46.60, Std. Dev. = 15.799, N = 243

FIG. 3.

illustrates the distributions of the total scores for APSE and
ISE scales for cohort A. In all distributions in Figs. 3 and 4,
a normal distribution overlays the bar chart. The frequency
distribution of responses for the ISE scale is highly skewed
and is also likely constrained by a ceiling effect, with a
mean score of approximately 44 out of 50. We hypoth-
esized further that the ceiling effect could be explained
since the cohort A students had already used robotic
telescopes in their lab course. The ISE construct is a more
context-specific one than the APSE, which involves con-
ceptual change about astronomical phenomena. Moreover,
once a skill is learned and practiced in the lab, it may not be
very easily forgotten. This behavioral change is sympto-
matic of real learning.

The distributions of the two scales for cohort B are
shown in Fig. 4. The skewness and kurtosis of the
Instrumental Self-Efficacy score for this group are much

Astronomy Personal Self-Efficacy scale score

Frequency

20.00 40.00 60.00 80.00 100.00

Astronomy Personal Self-Efficacy scale score

Mean = 48.57, Std. Dev. = 16.42, N = 58

80

60

40

Frequency

20

0 =
00 20.00 40.00 60.00

Instrumental Self-Efficacy scale score

Mean = 43.81, Std. Dev. = 8.724, N = 243

Lab-group frequency distribution of the APSE (left) and ISE (right) for cohort A.

better compared with cohort A who had already used
telescopes and associated instrumentation.

Our hypotheses that cohort B would have a
significantly lower ISE mean score compared
with the students in cohort A due to their nonuse of
telescopes and instrumentation, and that there should be
no significant difference in the APSE mean scores of
those who had or had not used remote telescopes as this
variable is based on their understanding of the same
astronomy content covered in both courses were tested
using two one-way ANOVAS using cohort membership
as the IV.

Table VII presents the descriptive statistics for these two
equal-sized groups involving the two scales. This shows
that there is little difference in the APSE of the two cohorts
while there appears to be a large difference in the ISE
scores.

Instrumental Self-Efficacy scale score

Frequency

.00 10.00 20.00 30.00 40.00 50.00
Instrumental Self-Efficacy scale score

Mean = 18.97, Std. Dev. =9.641, N = 58

FIG. 4. Nonlab group frequency distribution of the APSE (left) and ISE (right) for cohort B.
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TABLE VII. Descriptive statistics of APSE and ISE for cohort A and cohort B.
Standard Standard Lower Upper
N Mean deviation error bound bound Minimum Maximum
Astronomy personal self-efficacy
Lab group 58 46.259 13.380 1.757 42.740 49.7717 15.00 69.00
Nonlab group 58 49.690 15.507 2.036 45.612 53.767 5.00 78.00
Total 116 47.974 14.522 1.348 45.303 50.645 5.00 78.00
Instrumental self-efficacy
Lab group 58 43.793 7.261 0.953 41.884 45.702 15.00 50.00
Nonlab group 58 20.293 9.599 1.260 17.769 22.817 3.00 41.00
Total 116 32.043 14.528 1.349 29.371 34.715 3.00 50.00
TABLE VIII. One-way ANOVAs of the APSE and ISE between cohort A and cohort B.
Sum of squares df Mean square F Significance
Instrumental self-efficacy Between groups 16015.250 1 16015.250 221.100 0.000"
Within groups 8257.534 114 72.435
Total 24272784 115
Astronomy personal self-efficacy Between groups 341.388 1 341.388 1.628 0.205
Within groups 23911.534 114 209.750
Total 24252.922 115

"Note. p < 0.0001.

We subsequently computed the two one-way ANOVAs
to determine if the observed differences in the mean scores
of the two scales displayed in Table VII were statistically
significant. Summaries of the outputs are in Table VIII. A
full-Bonferroni protection for the p value was employed
because two separate univariate computations had been
computed separately on the DVs. Thus, the new p value
below which significance can be claimed is p < 0.025.

TABLE IX. Final survey items.

Table VIII demonstrates that there is a highly significant
difference in the ISE scores of cohorts A and B
[F(1,114) =221.100, p <« 0.0001] with a very large
effect size of greater than 20 (Cohen’s d = 2.28). We
can, with confidence, reject the null hypothesis of no
difference in this case. These results suggests that the
ISE scale can validly distinguish between those who have
engaged in lab participation using robotic telescopes and

Astronomy personal self-efficacy

1 I can do astronomy

2 1 can explain how the length of the day changes with latitude
3 Most astronomy concepts are easy to learn

4 1 can explain how spectroscopy works

5 I can explain why stars are different colors and brightness

6 1 have a good grasp of what objects exist within and around our galaxy
7 The current scientific model of the origin and evolution of the universe is clear to me
8 Given appropriate information about standard candles (RR Lyrae, Cepheids or Type l1a Supernovae), I can calculate their distance

Instrumental Self-Efficacy

9 Adjusting the brightness and contrast levels in astronomical images is straightforward

10 I am able to request telescope images through a web-based portal

11 Selecting different filters for a remote telescope observation is easy

12 I can show someone how to request an image from a remote telescope using an online portal

13 I can learn how to use a remote telescope
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those who have not. In contrast, we cannot reject the null
hypothesis of “no difference” in the means of the two
cohorts for the APSE scale. Table VIII shows that there is
no significant difference in the APSE scores showing that
both groups were almost equally assured about their
astronomical knowledge [F(1,114) = 1.628], p = 0.205.

The survey items for both constructs are shown in
Table IX.

VII. DISCUSSION

The purpose of the current study was to develop an
astronomy self-efficacy instrument with a focus on using
robotic telescopes and to test any scales that emerged for
reliability and validity. The unconstrained exploratory
factor analysis yielded five factors with several of the
factors initially containing only two items. Inspection of the
pattern matrix and the scree plot seemed to indicate that
there were only two or three factors at play. Subsequently,
we computed a constrained EFA limited to two factors that
yielded interpretable results. We interpreted the two con-
structs to be respondents’ self-efficacy with respect to the
content knowledge they possessed (Astronomy Personal
Self-Efficacy) and their self-efficacy with respect to their
use of remote telescopes (Instrumental Self-Efficacy).

During the analysis, we observed an apparent disconnect
between taking an astronomy class and a feeling that there
is anything related to ever becoming an astronomer. In
other words, students may be thinking “I’m taking an
astronomy class, but it doesn’t really relate to being an
astronomer.” Hazari et al. [67] used the following example:
“I am a physics person because I love learning about
relativity” (p. 983) to exemplify the context to develop their
physics identity. Given the desirability of developing a
strong sense of science identity in this astronomy context
and the relationship between it and self-efficacy, an
important first step is to develop a reliable and valid
way of measuring astronomy self-efficacy. Similarly,
Hazari et al. [67] mention that physics identity is seen
to be developed through a person’s personal and social
sense of self through their tangible experiences with
physics. Therefore, we wrote three items referring to
astronomers in general. However, the factor loadings on
all three questions were quite low (<0.485) despite self-
efficacy around astronomy concepts and telescope use
being quite high.

The students who piloted this survey instrument were in
a typical introductory astronomy course either with or
without a lab component. Research has shown that science
learned in a highly structured classroom environment may
become strongly associated with that formal setting thereby
prohibiting the learning from being applied to the wider
picture [123,124]. In this case, learning in the structured
environment of an introductory astronomy course may not
translate to the real world of astronomy and astronomers’
work and research in the minds of the students. A next step

would be to apply this survey instrument more widely to
students who are undertaking a variety of research expe-
riences where there is a less “classroom-type” structured
setting. In this way, we hope that these students may
experience a greater connection to the way science is
carried out in a real way where scientific questions can
be explored.

The results of this study have shown that self-efficacy
can be measured using a specialized astronomy self-
efficacy instrument. The experience that participants have
had during their engagement with the program involved
both mastery experiences and vicarious experiences with
the use of robotic telescope equipment and these two
dimensions may well be responsible for the differences in
self-efficacy that this instrument measured. Students who
had used the remote telescopes a few times quickly gained a
sense of mastery over their use. The mastering of
astronomy content is expected to take longer and thus
we see no significant difference in the construct of
astronomy personal self-efficacy.

VIII. CONCLUSION

Years of research into research experiences for under-
graduates has shown that these enriched activities can
improve a students’ motivation in science, their sense of
belonging to a community, their science identity and self-
efficacy in specific relevant domains leading to their
persistence in STEM. As we move forward in education,
especially in a time when the global community is forced to
find online solutions to education problems, creating
research experiences for students is ever more crucial.
Equally, an understanding of the components of these
experiences that have the most impact is critical. Self-
efficacy, while being domain specific, is well known to be
an important part of the learning process and so creating
programs that increase self-efficacy within science and
technology courses is incumbent upon curriculum design-
ers and those who implement research-experience pro-
grams for undergraduates. This study highlights the
importance of the development of a domain-specific self-
efficacy instrument as a precursor to probe further science
identity as a link to future STEM career pathways. The
instrument presented here reliably and validly measures
two aspects of astronomy self-efficacy. Astronomical
Personal Self-Efficacy is content focused and is related
to students’ perception of their understanding of astronomy
and astronomy concepts they perceive themselves to have.
Instrumental Self-Efficacy is based on the use of robotic
telescopes and associated technologies, or the doing of
astronomy. This tool will allow different programs to be
examined and to develop highly effective pedagogical
approaches to help build a more scientifically literate
populace entering the workforce at a time when this is
paramount.

010117-12



DEVELOPMENT AND VALIDATION OF AN ...

PHYS. REV. PHYS. EDUC. RES. 18, 010117 (2022)

IX. LIMITATIONS

This instrument is limited in the sense that it does not
explicitly address all four components of self-efficacy as
laid out by Bandura [28]. However, it is focused on
astronomy conceptual understanding and students’ con-
fidence in their beliefs through mastery experiences
related to robotic telescope use. As participants work
with others in teams during their programs, other factors
such as vicarious experiences, social persuasion, and
physiological state are implicitly embedded. Further
development of the instrument could include explicit
questions to address these other factors. Further research
should also involve a confirmatory factor analysis to
validate the factor structure suggested in this explor-
atory work.

The ISE scale was highly skewed in the case of those
who had already used robotic telescopes [cohort A]. This is

a problem that will need to be addressed in further research
and perhaps in creating additional items that could produce
a normally distributed scale of student responses. The
purpose of this would be to employ multivariate analysis of
variance procedures to probe any effects of labs that
employ the use of robotic telescopes and its impact on
different subgroups, for example, different genders, under-
represented minority groups, and different academic levels.
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