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[This paper is part of the Focused Collection on Astronomy Education Research.] We report on a study
of almost 13 000 undergraduate students enrolled in introductory astronomy courses at the University of
Arizona. From 1989 to 2016, students completed a basic science knowledge, beliefs, and attitudes survey.
From 2014 to 2016, a subset of the sample completed an additional survey that probed their overall interest
in science and astronomy, where they reported getting information about science, and their judgment of
those sources. Our sample of mostly nonscience major students outperformed the general public on basic
science knowledge questions during the time of the study. Additionally, there was very little change over
the range of time of the study in students’ basic science knowledge whose scores averaged around 79%
correct over the 27 years. Students’ self-reported demographic information and beliefs and attitudes in
science and technology accounted for only 11% of the variance in their science knowledge scores and there
was no systematic pattern between where students reported getting their information about science and
their basic science knowledge. Despite this, there was a relationship between how students rated the
reliability of sources and their science knowledge. Our findings support that introductory astronomy
courses are opportunities to improve students’ attitudes towards science and ability to evaluate scientific
information. Although this group of students’ basic science knowledge and attitudes remained relatively
unchanged over 27 years there was a measurable relationship between students’ beliefs and attitudes,
interest, science knowledge, and information literacy.
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I. INTRODUCTION

For many nonscience major undergraduate students,
introductory science courses such as Introductory
Astronomy (e.g., Astro 101) are the last formal exposure
to science course work they will have [1,2]. Increasing
students’ basic science knowledge and skills to use scientific
information to make informed decisions is an ongoing
concern for many college instructors and policy makers
[3–6]. Across the education spectrum, educators argue that
students should be trained in the ways that science is done
[7] (recently reflected in the scientific practices of the Next
Generation Science Standards [8]) as well as focus on
educating students to be well-informed consumers and

citizens who have basic scientific and information literacy
[4,6,9]. Although these are not mutually exclusive goals,
there is a debate aboutwhich ismore important,which drives
a discussion about focus and resource allocation in science
courses [10–12]. To achieve either goal, educators often
agree that basic science knowledge is an important founda-
tion to help students gain an understanding of how science is
done and how the world works [4,6,8,13,14]. This discus-
sion encompasses K–12 education, college education, and
lifelong learning [6,9,10,13,14].
Additionally, educators agree that basic information liter-

acy is a foundational skill for student success in a variety of
fields [15–17]. Thus, a foundation of science knowledge as
well as the ability to evaluate sources of scientific knowledge
are critical pieces tomake studentsmore educated consumers
and citizens, regardless of their future professions. Although
the exact definition of scientific literacy is under debate and
often poorly defined, having a basic knowledge of science,
understanding how science works, and the ability to assess
science knowledge for decisionmaking are often key aspects
[6,18]. This philosophy was integrated into the 2000 and
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2003 Programme for International Student Assessments
(PISA) which defined scientific literacy as “(the capacity
to use scientific knowledge, to identify questions and to draw
evidence-based conclusions in order to understand and help
make decisions about the natural world…)” (p. 60) [19,20].
Introductory college nonmajor astronomy courses pose

several interesting opportunities for both researchers and
educators. They are opportunities to assess students who
have completed a variety of K–12 innovations in teaching,
to assess future consumers of science, and to influence the
science knowledge and interest of students one last time in
their college career. Astronomy 101 courses are popular
elective courses that attract a wide range of students and
thus provide a unique opportunity to affect students from a
variety of nonscience disciplines who take these courses.
The students who take introductory astronomy courses as
nonmajors represent a wide range of society who are well
educated but may not enter a science or technical careers
[21]. These courses often recruit students who are averse to
math and looking to fulfill their general education science
requirements. Many introductory astronomy educators
consider themselves not only instructors of astronomy
content, but also educators of general science education
[2]. These courses also represent opportunities for instruc-
tors to discuss issues related to science in general and tackle
more general issues such as scientific literacy, interest in
science, information literacy, and support for science of
future citizens and voters.
In this study, students in introductory astronomy courses

at the University of Arizona were surveyed from 1989 to
2016. During those 27 years, a data set of almost 13 000
student responses were collected. Data collection leveraged
large enrollment introductory astronomy courses at the
university to obtain a snapshot of what students know and
think about science at different points in their college
career. Students’ basic science knowledge, beliefs, and
attitudes are important to characterize for all introductory
science courses, including astronomy, so that instructors
have a snapshot of what students know and believe about
science. In addition, a new survey was added in 2011 that
contained questions to probe students’ general interest in
science, where students get their information about science,
and their judgment of the reliability of that information.
This study presents students’ basic science knowledge,
attitudes and beliefs towards science and technology,
interest in science, sources of scientific knowledge, and
information literacy as well as the relationships between
each of these.

A. Background

Research of citizens’ understandings of science inquiry
began in 1957 by the National Association of Science
Writers, who interviewed adults in the United States about
their interest in and understanding of science and technol-
ogy [22]. In 1978, the National Science Foundation (NSF)

commissioned Jon Miller and Kenneth Prewitt to lead an
effort to measure the “public understanding of, and
attitudes toward, science and technology” (p. 275) [14].
That project resulted in ongoing reports documenting the
public’s interest and knowledge in science and technology
as part of the Science and Engineering Indicators report
series that is published by the National Science Board
(NSB) every two years. The latest report was published in
2016 [23]. As described in the most recent report, a set of
factual science questions were added to the project in the
late 1980s and remain a core set of questions to understand
trends in U.S. adults’ knowledge of science. These items
represent only one piece of science knowledge but are
indicators of basic science knowledge that would be needed
to understand a newspaper science section [14]. Although it
is agreed knowledge of science facts is only one way to
assess science knowledge, ongoing national and
international surveys continue to use basic science knowl-
edge questions developed and used by Miller and Prewitt
for the NSB project in the 1980s [23]. Examples include a
survey conducted by the Pew Research Center for People
and the Press [24] in 2009 and a relatively recent survey by
the Pew Research Center and Smithsonian Magazine [25]
in which several of the same science knowledge questions
from NSB project were included, in addition to questions
probing understandings of current issues. Studies of stu-
dents’ interest in science and science knowledge have
shown a positive relationship between their interest in
science and their performance on science knowledge
measures [26,27]. Additionally, attitudes towards science
and scientific knowledge are both positively correlated with
public understanding of science [28] although only weakly
in the case of science knowledge.
Within the larger science education context, there exists a

tension between preparing students to engage in science as
practitioners, which requires preparation of scientific and
technical knowledge and skills (often referred to as science
literacy), and preparing students to exist in a scientifically
literate society which requires preparing them in scientific
ways of knowing and critical thinking skills for decision
making (often referred to as scientific literacy) [6].
Although most educators and policy makers agree that
both are part of the larger landscape of student education,
there is a tension around how time and resources should be
spent in training students towards the goal of one over the
other [10–12]. Thus, the decision to prepare students to be
science literate or scientifically literate depends on the
overall goals of the teacher or educational institution [10].
Although there remains a debate, there is a vocal contingent
of educators that agree that the purpose of nonscience
major science courses is increasing students’ scientific
literacy [29–32].
An ongoing difficulty of the conversation is that there is

no broad agreement on the definition of scientific literacy,
although it is generally agreed that is it is important for
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citizens to be scientifically literate to make informed
decisions in everyday life [5]. Miller [13,14] has argued
that to be scientifically literate one must have both a basic
vocabulary of scientific terms and constructs and a general
understanding of scientific inquiry. For example, this level
of scientific literacy could be defined as having enough
knowledge to be able to “read and comprehend the Tuesday
science section of The New York Times (p. 274) [14].
Others have defined scientific literacy as encompassing a
broad range of knowledge and skills including knowledge
of content, distinguishing science from nonscience, under-
standing the applications of science, ability to think
scientifically and to use scientific knowledge in problem
solving, understanding the nature of science, knowledge of
risks and benefits of science, and ability to have meaningful
discourse of scientific issues [33,34]. Although there is
contention about all of the components of scientific literacy,
a core set of knowledge and ability to use and evaluate
information are present in most definitions [6,20].
Because of the varying definitions of scientific literacy,

there have been several ways that scientific literacy has
been assessed. Examples include the work of Miller and
colleagues who have continually assessed adults’ knowl-
edge of basic scientific knowledge, contemporary scientific
issues, interest in science, and support for science, compar-
ing responses across countries [14]. The Test of Basic
Scientific Literacy was developed for high school graduates
in South Africa and based on the work of Miller to assess
students’ understanding of “(the nature of science, science
content knowledge, and the impact of science and tech-
nology on society)” (p. 331) [35]. The Test of Scientific
Literacy Skills was developed as a robust survey of
students’ scientific literacy skills related to “recognizing
and analyzing the use of methods of inquiry that lead to
scientific knowledge and the ability to organize, analyze,
and interpret quantitative data and scientific information”
(p. 364) for use in determining the impact of curriculum
reform on students’ scientific literacy [36]. The Programme
for International Student Assessments (PISA) has contin-
ued to refine its definition of scientific literacy and assess-
ment, the latest version was in 2015 which included content
knowledge, procedural knowledge and epistemic knowl-
edge. The 2015 definition of scientific literacy was broad-
ened to include, “the ability to engage with science-related
issues, and with the ideas of science, as a reflective citizen.
A scientifically literate person, therefore, is willing to
engage in reasoned discourse about science and technology
which requires the competencies to: 1. Explain phenomena
scientifically 2. Evaluate and design scientific enquiry, and
3. Interpret data and evidence scientifically” (p. 7) [20]. As
definitions of scientific literacy continue to be refined, so
do the ways developed to assess it. As the skills deemed
important to be a productive member of society are
continually defined, these skills are integrated into the
development of ongoing assessments.

Information literacy is not only a critical component of
lifelong decision making in helping people identify appro-
priate sources of information and evaluate the quality of
information from each source, it is arguably an important
part of scientific literacy [9,16,17]. As defined by the
Association of American Colleges and Universities, infor-
mation literacy is “the ability to know when there is a need
for information, to be able to identify, locate, evaluate, and
effectively and responsibly use and share that information
for the problem at hand” [37]. With the proliferation of
online resources, helping students evaluate content is
increasingly important as well as understanding where
students get their information about science to support
instruction. Thus, information literacy and scientific liter-
acy are arguably important in all science courses, making
science courses for nonscience majors, perhaps their last
science course, opportunities for instructors to help build
non-science students’ information literacy skills related to
scientific topics. [38,39].
This study brings together several areas of interest that

are important to the discussion of scientific literacy,
including basic science knowledge, attitudes towards sci-
ence and technology, students’ own interest in science,
where students report getting information about science,
and their judgment of sources of science information. The
study draws on the basic science knowledge items used by
the National Science Board to study a particular population:
undergraduate nonmajor science students in introductory
astronomy courses at a single university. Studying this
population allows a closer look at the influence of other
factors such as college courses and other student demo-
graphics on their basic science knowledge as well as their
attitudes towards science and technology. In addition,
this study investigates how students’ attitudes towards
science and technology interact with students’ basic science
knowledge to better understand the relationship. Lastly, the
study looks at how these outcomes are related to where
students report getting information about science and their
judgement of those sources. Taken together, these different
assessments are giving insight into the relationship
between students’ knowledge, interests, sources of knowl-
edge, attitudes, and beliefs.

B. Research questions

This work builds upon several other studies published in
recent year about introductory astronomy college students’
science knowledge and attitudes [40–42]. Our previous
work has shown that there has been little change in
students’ science knowledge responses over time and that
students’ demographic information explains a minimal
amount of the variance in their knowledge scores
[40,42]. However, other work has also shown that (a) intro-
ductory astronomy courses are popular among a broad
range of students [1,2,21], (b) the number of college
science courses has been shown to be a strong predictor
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of civic scientific literacy, defined as having “(1) a basic
vocabulary of scientific terms and constructs; and (2) a
general understanding of the nature of scientific inquiry”
(p. 273) in U.S. adults [14], and (c) a positive relationship
exists between interest and attitudes and individuals’
understanding in science [26–28]. In addition, there is
ongoing interest in building students’ scientific literacy
comprised of multiple facets, including scientific knowl-
edge and students’ ability to locate and use information
(information literacy) [9,16,17]. This study of introductory
astronomy students investigates all these aspects together:
the level of, and interactions between basic science knowl-
edge, attitudes and beliefs, interests; sources of knowledge
and ability to judge sources of information to give insights
into these students with implications for the context of the
introductory astronomy course. The research questions that
guided this study were as follows:
(1) How do introductory astronomy college students’

responses to basic science knowledge questions
compare to nationally reported responses?

(2) How are introductory astronomy students’ character-
istics, beliefs, and attitudes related to their science
knowledge scores?

(3) What is the relationship between introductory
astronomy students’ interest in science, their career
plans, and how useful they believe science will be to
their future career?

(4) What is the relationship between students’
sources for science information and their science
knowledge?

(5) What are the relationships between introductory
astronomy students’ judgments of the reliability of
sources of information and their science knowledge?

II. METHODS

A. Research context

This study was conducted in the Department of
Astronomy at the University of Arizona, a large Land-
Grant, Research I institution. The University of Arizona
currently serves a total of 43 625 students (34 072 under-
graduate and 7946 graduate) [43]. These numbers have
grown from serving 31 843 students in 1989 (26 626
undergraduates and 5216 graduate). Students at the
University of Arizona score around the 60th percentile
of the national distribution of SAT scores and thus represent
students at many large public universities.

B. Data collection

Data for this study were collected through two surveys of
students between 1989 and 2016. The surveys were
administered by instructors in their own classrooms either
on paper or, in recent years, online. Ninety-eight percent of
surveys completed were included in the study; those
excluded either had a large portion of missing data or

showed systematic pattern responses. The first survey,
Science Knowledge, Attitudes and Beliefs Survey, included
questions that probed students’ basic knowledge, attitudes,
and beliefs about science. The second survey, Interest and
Sources of Information in Science, included questions
about where students get their information about science,
their rating of the quality of those sources, their interest in
science, and their self-rating of their own knowledge. These
surveys were administered in introductory astronomy
courses for nonmajors at the University of Arizona at
the beginning of each course. The first survey has been
given almost every year to students since 1989. The second
survey began data collection in 2012 as a stand-alone
survey. The surveys were combined and administered
together from 2014 to 2016.

C. Instrument development

1. Science knowledge, beliefs, and attitudes survey

The first survey included a set of forced-choice (true or
false) and open-ended items assessing basic science knowl-
edge, derived from the National Science Board Science and
Engineering Indicators [44] and work by Miller [45], as
well as a series of Likert-scale questions probing beliefs
and attitudes about science and technology. In addition to
the science knowledge, belief, and attitude questions,
students were asked to report the number of college science
courses they had completed, their year in school, gender,
major, and GPA. After a round of interviews with under-
graduate students in 2011, three of the true or false
knowledge items were eliminated in the final analysis
due to lack of question clarity. The survey results reported
here include 14 true or false questions about basic science
knowledge along with one open-ended item asking students
about their knowledge about what it means to study
something scientifically. The survey also included 24
Likert-scale (from “strongly agree” to “strongly disagree”)
questions to assess students’ attitudes and beliefs towards
different topics in science and technology. After data
collection, these items were analyzed and a final 16 items
were binned into four categories or factors for use in
subsequent analyses (belief in aliens and life beyond earth,
positive attitudes towards science and technology, faith-
based beliefs, and belief in unscientific phenomena) using a
three-stage approach.
The first step was to have six experienced science experts

and experienced science educators bin the questions into
categories. Table I shows the initial five categories deter-
mined by the expert group who had a strong degree of
agreement in the categorization (92%). Items that are
labeled as “reversed” in Table I refer to statements that
are negative in meaning to the overall category. Thus,
during analyses, these items had their scales reversed for
inclusion in the category.
The next step to categorize these items was using an

exploratory factor analysis. A random sample of 3000
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response sets were subjected to an exploratory factor
analysis using squared multiple correlations as prior com-
munality estimates. The principle factor method was used
to extract factors and this was followed by a varimax
(orthogonal) rotation. A scree test suggested four mean-
ingful factors that were empirically derived.
In interpreting the rotated factor pattern, an item was said

to load on a given factor if the factor loading was 0.35 or
greater for that factor, and was less than 0.35 for other
factors [46]. Items that did not follow that pattern, either did
not load strongly on any factor or loaded high on multiple
factors, were discarded. Using these criteria, four items
were found to load on the first factor, which we labeled
“Belief in Aliens and Life Beyond Earth”. These were the
same items that were classified by the expert reviewers.
Five of the original seven items loaded onto the second
factor which we labeled “positive attitudes towards science
and technology.” Four items loaded onto the third factor
which we labeled “faith-based beliefs;” it is notable that
one of the items categorized by the expert reviewers as
having been part of the “belief in unscientific phenome-
non,” ended up in this category. The other three items
loaded onto the fourth factor, which we labeled “belief in
unscientific phenomena.” Items that were originally coded

under ethical concerns were not included in the final model
or subsequent analyses due to low factor loadings and cross
loadings with other categories. Thus, although the topic of
“ethical concerns” were of interest to the original study, the
items were not of sufficient reliability to be included
Table II below shows the factor loadings for each item.
The final step was to cross validate this model that

included 16 items in four factors using a confirmatory
factor analysis (CFA) testing to see how well our model
accounted for the observed relationships in the data set.
Another set of cases not used in the exploratory factor
analysis (n ¼ 3000) were used to test the quality of the
model. The final model was set up with four latent factors
with the items in the table above loading onto them. In
determining the quality of a model using CFA, there is no
one single measure that indicates the fit but rather a set of fit
indices that researchers use as a barometer of overall fit
[46]. The final fit of the model was acceptable for several
indicators of fit. Values of fit for the model were
GFI ¼ 0.96, AFGI ¼ 0.92, CFI ¼ 0.89, NFI ¼ 0.88, and
RMSR ¼ 0.07. For the first four indices, values closer to
1.0 indicates better fit of the model to the data, with a
general rule of thumb of 0.90 being an indicator of good fit.
For the RMSR, smaller values are used of evidence of good

TABLE I. Initial belief and attitude categories resulting from expert categorization.

Category 1: Belief in aliens and life beyond Earth
UFOs are real and should be investigated.
It is almost certain that there are intelligent lifeforms in other parts of the Universe.
Some ancient civilizations were visited by extraterrestrials.
We should make a concerted effort to search for life on other planets.

Category 2: Positive attitudes towards science and technology
Overall, the progress of science and technology has been beneficial to our civilization.
Nuclear power is an important energy source and its use should be expanded.
The government should strongly support the manned space program.
Genetic engineering is a good idea.
Pure science should be funded regardless of its lack of immediate benefit to society.
Science will come up with a way to dispose of toxic waste.
Computers will eventually be intelligent enough to think like humans. (reversed)
Technology has too much control over our lives. (reversed)

Category 3: Faith-based beliefs
The Biblical story of creation should be taught alongside evolution theory in our schools.
The Universe was created in an enormous explosion billions of years ago. (reversed)
Faith healing is a valid alternative to conventional medicine.

Category 4: Belief in unscientific phenomena
There are phenomena that physical science and the laws of nature cannot explain.
The positions of the planets have an influence on the events of everyday life.
Some people possess psychic powers.
Some numbers are especially lucky for some people.

Category 5: Ethical concerns
There are some circumstances when medical science should not be used to prolong life.
Scientists should take responsibility for the bad effects of their theories and inventions.
We should devote more of our money and scientific resources to repair damage done to the environment.
We should exert more control over the nuclear weapons developed by scientists.
Scientists should be allowed to do research that causes pain to animals, if it helps solve human health problems. (reversed)
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fit. Responses to items within each factor are correlated,
and this analysis is a quantitative way of seeing some of the
contours of the “landscape” of student attitudes and beliefs.

2. Interest and Sources of Information
in Science Survey

The second survey was developed in 2011 to investigate
where students were getting information about science, their
rating of the reliability of different sources of information,
and their general interest in science. An initial survey was
developed from previous work on where the public gets
information about science [47]. Students were recruited to
complete an open-ended pilot survey during 2012. The
survey asked students basic questions about science, to
describe what it means to study something scientifically, to
rate their own interest in knowledge in science, to report
where they obtain information about science, and to report
what they believed to be the most and least reliable sources
of science knowledge. A total of 650 students completed the
initial survey and responses were analyzed to create forced
choice responses for most of the survey questions. After
analysis of the initial survey results, in the spring of 2013,we
interviewed 29 students to gain insight into student
responses to the survey described above as well as gain
insight into how these students used information they
gathered to make decisions in their daily lives. Before the
interviews, studentswere asked to take an adapted version of
the survey. During the interviews, students were asked about
their specific responses on the survey. Interviews were
audiotaped and investigators took field notes during the
interviews. Interviews were used to validate survey ques-
tions and make changes to improve the quality of answer

choices. All survey and interview data were transcribed for
analysis. Reliability analysis was conducted for the compo-
nents of the final survey andwere all above 0.85.An updated
survey was administered in the fall of 2013 and spring 2014
and revised based on the field testing. Finally, this survey
was given in combination with the first survey to students
between 2014 and 2016.

D. Analyses of survey items

The forced-choice basic science knowledge questions on
the first survey were scored as correct and incorrect and a
simple basic science knowledge score was assigned to each
student, from 0 to 14. Additionally, nine items that directly
overlapped with the National Science Board biannual
reports and other science literacy surveys were used as a
subgroup analysis. Descriptive statistics were used to
obtain an overall look at students’ responses to the science
knowledge questions, reported below. In several cases,
standard parametric procedures of group comparisons were
used (independent t tests and ANOVAs), reported below.
These are not highlighted in the findings due to the large
power created by such a large sample size. Thus, although
all tests resulted in statistically significant differences, these
results were interpreted cautiously and analyzed for prac-
tical significance, reported below.
To score students open-ended responses to the question,

“what does it mean to study something scientifically?”
students’ responses were analyzed through open coding,
which allowed codes to emerge from the data. Additionally,
codes were extracted from existing literature on the nature
of science [48]. Two education researchers independently
coded responses, discussing themes and alternative

TABLE II. Salient factor loadings (above 0.35) for items retained in the model.

Factor 1: Belief in aliens and life beyond Earth Factor loading

UFOs are real and should be investigated. 0.76
It is almost certain that there are intelligent lifeforms in other parts of the Universe. 0.62
Some ancient civilizations were visited by extraterrestrials. 0.70
We should make a concerted effort to search for life on other planets. 0.46

Factor 2: Positive attitudes towards science and technology
Overall, the progress of science and technology has been beneficial to our civilization. 0.43
The government should strongly support the manned space program. 0.42
Genetic engineering is a good idea. 0.41
Pure science should be funded regardless of its lack of immediate benefit to society. 0.40
Science will come up with a way to dispose of toxic waste. 0.44

Factor 3: Faith-based beliefs
The Biblical story of creation should be taught alongside evolution theory in our schools. 0.54
There are phenomena that physical science and the laws of nature cannot explain. 0.38
The Universe was created in an enormous explosion billions of years ago. (reversed) 0.47
Faith healing is a valid alternative to conventional medicine. 0.38

Factor 4: Belief in unscientific phenomena
The positions of the planets have an influence on the events of everyday life. 0.50
Some people possess psychic powers. 0.37
Some numbers are especially lucky for some people. 0.55
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explanations until a consistent set of codes was reached.
Interrater reliability for this open-ended coding was ana-
lyzed using a random set of 1000 student responses and
calculating Cohen’s kappa in SPSS. There was strong
agreement between the raters, κ ¼ 0.812, p < 0.05.
In addition to thematic coding, responses were coded for

complexity using the following rubric:
(0) Nonresponsive, off-target (e.g., I don’t like science,

this is boring).
(1) Responds to the question, but did not communicate a

depth of knowledge of scientific study. (e.g., to
observe phenomena to test, experiment, and prove).

(2) Response is on target, acceptable, and includes basic
aspects of scientific study as well as more in-depth
aspects, such as analysis or repetition (e.g., to study
something scientifically you need to test, observe,
and retest whatever it is. Youwould form a hypothesis
based on your observations and continue to test it.).

(3) Response is on target, and combines several aspects
of science making connections between those as-
pects and includes a discussion of evidence (e.g.,
one must form a testable hypothesis in regard to a
phenomenon. Testing should be carried out to reduce
bias and isolate variables. All tests should be
repeatable and corroborated by other scientists.).

(4) Exemplary response that is not only on target but
describes multiple aspects of science and connects
those aspects in a meaningful way.

Two education researchers coded the first 100 responses
together to calibrate different levels of responses and
comparing coding. Interrater reliability for this coding
was analyzed using a random set of 1000 student responses
and calculating a Spearman’s rank order correlation,
due to the ordinal nature of the data. Overall, there was
significant strong relationship between the two coders,
rsð1000Þ ¼ 0.889, p < 0.05.
For the Likert-scale attitude and belief questions, a factor

score was created for each of the four categories by taking
an average of students’ responses to each item within the
factor. Secondary data analysis, including multiple regres-
sion, was conducted to determine the relationship between
student scientific knowledge scores, beliefs and attitudes,
and self-reported demographic information.
Analysis of the second survey was conducted and

included descriptive statistics and nonparametric analyses
to compare the relationship between multiple ranking
questions. Analysis that included questions from both
surveys included both descriptive statistics and parametric
analyses, when appropriate, to compare students’ science
knowledge scores based on their sources and judgment of
different information related to science.

E. Participants

Participants for the first part of the study included 12 676
students who completed the Science Knowledge, Beliefs

and Attitudes Survey between 1989 and 2016. Forty-nine
percent of the survey respondents were female and 51%were
male. Forty-seven percent of the survey respondents were
freshman, 31%were sophomores, 12%were juniors, and 9%
were seniors or super seniors (students in their 5th or later
year of an undergraduate degree). Seventy percent of the
survey respondents were taking their first or second college
science course. Table III shows the breakdown of college
science courses completed by the survey respondents.
Additionally, students were from a variety of majors,

representing a majority of non-STEM majors. Table IV
shows a breakdown of students’ self-reported majors. Of
those in science and engineering, over 50% were enrolled
in these courses as upper classmen (juniors, seniors, and
“super” seniors), compared to less than 30% for other
majors, suggesting that they were taking the class out of
interest for the subject and not as a science requirement for
their degree. The largest groups of students were business
majors, students in social and behavioral sciences and
students who were undecided in their major.
Participants who only completed the Interest and Sources

of Information in Science Survey included 489 students,
50%male and 50% female. No information about their year
in school was collected. Participants who completed both
surveys, were a subset of those who completed the Science
Knowledge, Beliefs and Attitudes Survey, and included 772
students. Forty-eight percent of the participants were female
and 52% were male. Sixty-three percent of the survey

TABLE III. Number of college science courses completed.

Number of college science
courses completed (not including
the one currently enrolled in)

Number of respondents
n ¼ 12 475 (% of total)

0 n ¼ 5038 (40)
1 n ¼ 3765 (30)
2 n ¼ 1959 (16)
3 n ¼ 725 (6)
4 n ¼ 319 (3)
5 n ¼ 122 (1)
6 or more n ¼ 547 (4)

TABLE IV. Students’ self-reported majors.

Declared major
Number of respondents
n ¼ 12 674 (% of total)

Undecided n ¼ 2078 (16)
General studies n ¼ 82 (0.7)
Science and engineering n ¼ 731 (6)
Social and behavioral sciences n ¼ 2363 (19)
Business and management n ¼ 3874 (31)
Arts, writing n ¼ 1379 (11)
Education n ¼ 729 (6)
Architecture n ¼ 135 (1)
Premed, nursing, public heath n ¼ 176 (1)
History, language, and humanities n ¼ 1100 (9)
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respondents were freshman, 24% were sophomores, 7%
were juniors, and 5%were seniors or super seniors (5th year
in school).

III. RESULTS

A. Context

This work builds on prior studies of this population of
introductory astronomy students [40–42]. Below we
present and discuss results for each research question.
To contextualize the findings, we summarize relevant
results related to the overall data set.
Across the 27-year data set, students averaged about

79% (Mean ¼ 11.06, S:D: ¼ 2.23, out of a possible 14
points) on the basic science knowledge questions. The full
distribution of scores can be seen in Fig. 1. Additionally,
there were some local variations in student average scores
while looking across different years (Table V), although
often higher scores are seen in years when there have been
more STEM majors (e.g., 1991 and 1992 saw 30% science
and engineering majors compared to lower fractions of
those majors in other years).
Students’ open responses to the prompt “what does it

mean to study something scientifically?” were also coded
both thematically and for overall quality. In the overall
sample, 72% of the responses were of sufficient quality to
be coded and on target to the question. Of these 9160
responses, 21% of students discussed it as a way or
thinking or perspective, 16% discussed it as a way of
gaining knowledge, 26% described observation or exper-
imentation, 10% talked about the scientific method, 11%
talked about hypotheses or hypothesis testing, 9% talked
about data analysis, and 8% mentioned using evidence.
These were the largest categories of codes found in the data.
Additionally, students’ responses were scored for complex-
ity of response. Within the on-target responses, 16% were
scored as a “1” indicating that students used correct words
without linking ideas. Most responses, 70%, were scored as
a “2” demonstrating students’ basic understanding of
scientific study as well as more in-depth aspects, such as
analysis or repetition. A smaller fraction (14%) were scored

as either a “3” or “4” demonstrating a strong or exemplary
(expertlike) response to the prompt.

B. Results by research question

1. Research question 1

How do introductory astronomy college students’
responses to basic science knowledge questions compare
to nationally reported responses?
Figure 2 compares our results for the nine science

knowledge questions that have been consistently used by
the NSB Science and Engineering Survey for the Public
[23] and on our survey for the years between 1989 and
2016. The NSB reports aggregate data (usually every two
years), so we binned our data to match the NSB reporting
frequency, although there are a couple of gaps.
Additionally, the data include results to questions recently
used in two surveys by the Pew Research Center [24,25]
that are also shared by the other two surveys. The full data
table can be found in the Appendix, which includes more
information about the number of surveys completed during
each time interval on each survey.
It is important to note the difference in both the

methodology of data collection and the populations for
each data set. The NSB and Pew survey data were collected
through phone surveys and included other types of ques-
tions, while our data were collected through a pen-and-
paper survey in a classroom setting. In addition, the NSB
and Pew sample included participants of different demo-
graphics from all over the United States, while our sample
consisted of undergraduate students in introductory science
courses at a single university.
In general, students from our undergraduate sample

performed better overall on every question shared by all
three surveys, by as much as 40% on a single question as
compared to the NSB sample. Despite the higher percent-
age of correct responses by the overall undergraduate
student sample, the trend in percent correct from 1989
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FIG. 1. Distribution of basic science knowledge scores
(n ¼ 12 676).

TABLE V. Average science knowledge scores over time.

Year Mean S.D.

1989–1990 (n ¼ 1854) 10.7 2.3
1991–1992 (n ¼ 420) 12.0 1.8
1993–1994 (n ¼ 184) 11.1 1.9
1995–1996 (n ¼ 605) 10.7 2.3
1997–1998 (n ¼ 887) 10.6 2.2
1999–2000 (n ¼ 357) 10.9 2.2
2001–2002 (n ¼ 835) 11.3 2.3
2003 –2004 (n ¼ 639) 10.9 2.3
2005–2006 (n ¼ 1202) 11.1 2.2
2007–2008 (n ¼ 1960) 11.0 2.4
2009–2010 (n ¼ 1655) 11.2 2.2
2011–2012 (n ¼ 494) 11.3 2.1
2013–2014 (n ¼ 817) 11.1 2.1
2015–2016 (n ¼ 701) 11.7 1.9
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FIG. 2. Comparison of scores on common science knowledge questions on surveys from our sample of undergraduate students (UA),
the surveys administered by the NSB, and the surveys administered by Pew Research Center (Pew).
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to 2016 is very similar to what the NSB reports. With the
exception of one year (1991), results from eight of the nine
questions are relatively stable from 1989 to 2016, similar in
trend to the NSB results. The question that stands out is
“Antibiotics kill viruses as well as bacteria.” The NSB
report shows that the percentage of the U.S. public who
answered this question correctly rose from 30% in 1990 to
56% in 2006 and back down to 48% in 2012. Similarly, the
percentage of our sample answering this item correctly rose
from 42% correct in 1989 to around 60% after the year
2000 and back down to 49% in 2015–2016. The figure
shows recent results from the Pew survey (light gray) that
included five of the nine questions shared by the NSB
survey. Students in our sample also outperformed the Pew
sample on all questions that were given to all of the groups.

2. Research question 2

How are introductory astronomy students’ character-
istics, beliefs, and attitudes related to their science knowl-
edge scores?
Students’ self-reported demographic information was

used to investigate relationships between their characteristics
and their science knowledge scores. When broken down by
reported major, shown in Table VI, physical science and
engineering students performed the best overall. Among
students who indicated that they were education majors
(n ¼ 724), the overall average number of questions correct
was significantly lower [tð12 608Þ ¼ 6.83 p < 0.01],
Mean ¼ 10.5 (S:D: ¼ 2.2) compared to all the noneducation
majors (n ¼ 11 884)who answeredan averageMean ¼ 11.1
(S:D: ¼ 2.2) questions correctly. Additionally, education
majors’ average score was consistently lower than every
other subgroup of majors. The effect size of these differences
ranged from very small (g ¼ 0.085) when compared to
undecided majors to large (g ¼ 0.895) when compared to
physical science and math majors.
Females (n ¼ 6208, 49%) on average (Mean ¼ 10.7,

S.D. 2.2) scored statistically significantly lower than men
(n ¼ 6386, 51%) on average (Mean ¼ 11.4, S:D: ¼ 2.2)
on the science knowledge portion of the survey,

tð12 592Þ ¼ 20.14, p < 0.01. Over the 27 years of the
study, the percentage of females and males ranged from the
extremes of 40% females and 60%males to 59% females to
41% males, although these extremes only occurred in one
quarter of the years of the study. During the other years of
the study, the overall distribution of females and males in
the study was between 45% and 55% of either gender.
Females on average consistently scored lower than males
on the science knowledge questions every year. The yearly
average score for males ranged from 11.0 to 12.3 questions
correct and the yearly average scores for females ranged
from 10.0 to 11.6. The average male score was larger by 0.5
to 1.0 questions on the survey in any given year, the
differences having small (g ¼ 0.18) to medium (g ¼ 0.5)
effect sizes respectively.
Table VII shows the average science knowledge score

based on students’ year in college and Table VIII shows the
averages science knowledge score based on number of
college science courses completed. There were small
significant positive linear trends in students’ science knowl-
edge score based on their year in school [rð12 610Þ ¼ 0.13,
p < 0.05] and related to the number of college science
courses completed [rð12 610Þ ¼ 0.17, p < 0.05]. There
was a small positive, yet statistically, significant, correla-
tion between students’ self-reported GPA and their science
knowledge score [rð10 231Þ ¼ 1.0, p < 0.01].
To look for patterns between students’ attitudes and

beliefs and their science knowledge scores, participants with
extreme scores for each attitude and belief factor were used.
Scores for this analysis were only included if a student’s
mean factor score indicated that they agreed (had an average
score of 4 and above) or disagreed (had an average score of 2
and below) with a given set of items. Students with a mean
factor score of 4 (agree) or higher were compared with
students with a mean factor score of 2 (disagree) or lower.
The results are given in Table IX and differences between
groups were tested using independent t tests.
Statistically significant differences (*) in science knowl-

edge scores were detected for students with very high and
very low mean scores for belief in aliens and life beyond
earth [tð3020Þ ¼ 2.66, p < 0.01], with an average differ-
ence of 0.2 questions, faith-based beliefs [tð2659Þ ¼ 18.8,
p < 0.001] with a mean difference of 1.5 questions,
and belief in unscientific phenomena [tð3434Þ ¼ 11.5,
p < 0.001], a mean difference of 0.9 questions. There

TABLE VI. Average science knowledge scores by major.

Major Mean S.D.

Undecided (n ¼ 2070) 10.7 2.4
Physical science, math (n ¼ 499) 12.4 2.0
Biological, life sciences, health (n ¼ 377) 11.3 2.4
Agriculture (n ¼ 30) 11.4 2.1
Engineering (n ¼ 260) 12.2 1.7
Social and behavioral sciences (n ¼ 2346) 11.2 2.2
Business, management (n ¼ 3851) 11.0 2.2
Arts, humanities, writing (n ¼ 1375) 11.3 2.2
Education (n ¼ 724) 10.5 2.2
Architecture (n ¼ 134) 11.4 2.0
History, language, humanities (n ¼ 1097) 11.2 2.2

TABLE VII. Average science knowledge score by year in school.

Year in school
Average science knowledge

score out of 14

Freshman (n ¼ 5963) Mean ¼ 10.9, S:D: ¼ 2.2
Sophomore (n ¼ 3916) Mean ¼ 11.0, S:D: ¼ 2.2
Junior (n ¼ 1526 n ¼ 1526) Mean ¼ 11.2, S:D: ¼ 2.2
Senior (n ¼ 1073) Mean ¼ 11.9, S:D: ¼ 2.0
Super Senior (n ¼ 101) Mean ¼ 12.5, S:D: ¼ 1.6
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were no significant differences found in science knowledge
scores for students with very high and low scores for the
positive attitudes towards science and technology.
A multiple regression was used to investigate the relative

contribution each variable had on students’ science knowl-
edge scores. This analysis revealed that taken together,
the demographic variables accounted for only 7.4% of
the variance in students’ scores [Fð5; 10 706Þ ¼ 170.4,
p < 0.001, R2 ¼ 0.074]. The regression also revealed a
large amount of multicollinearity between the demographic
variables, most notably between a student’s year in school
and the number of university science courses completed.
The strongest predictor of a student’s score on the overall
science knowledge questions was how many science
courses they had completed, which is not surprising,
but only accounted for 4% of the variance explained in
their science knowledge scores. Additionally, students’
beliefs and attitudes accounted for 5% of the variance in
their science knowledge scores [Fð4; 10 946Þ ¼ 147.0,
p < 0.001, R2 ¼ 0.051]. Taken together, students’ self-
reported demographic variables and beliefs and attitudes
accounted for 11% of the variance in their science knowl-
edge scores [Fð9; 9312Þ ¼ 131.8, p < 0.001, R2 ¼ 0.113].

3. Research question 3

What is the relationship between introductory astronomy
students’ interest in science, their career plans, and how
useful they believe science will be to their future career?

Data for this question was taken from students who
completed Interest and Sources of Information in Science
Survey. Students’ self-reported interest in science and
astronomy as well as knowledge of science was analyzed
using descriptive statistics and Spearman ranked correla-
tions. Students’ overall interest in science and astronomy
are shown in Fig. 3 and Fig. 4 below.
Students’ interest in science in general and interest

in astronomy showed a positive significant correlation
(rs ¼ 0.573, p < 0.01). Twenty-four percent of the respon-
dents reported that they were very interested in both science
in general and astronomy. Fourteen percent of the students
reported very high interest in astronomy and lower interest
in science and general and 37% of students reported a very

TABLE VIII. Average science knowledge score by number of college science courses completed.

Number of college science
courses completed (n ¼ 11 539)

Mean science knowledge
score out of 14

Percentage of
respondents

0 courses completed (n ¼ 5007) Mean ¼ 10.8, S:D: ¼ 2.2 40.0%
1 course completed (n ¼ 3748) Mean ¼ 11.0, S:D: ¼ 2.2 29.7%
2 courses completed (n ¼ 1951) Mean ¼ 11.3, S:D: ¼ 2.1 15.6%
3 courses completed (n ¼ 722) Mean ¼ 11.6, S:D: ¼ 2.0 5.6%
4 courses completed (n ¼ 316) Mean ¼ 12.0, S:D: ¼ 2.0 2.4%
5 courses completed (n ¼ 135) Mean ¼ 12.1, S:D: ¼ 2.2 1.0%
6 or more courses completed (n ¼ 135) Mean ¼ 12.3, S:D: ¼ 1.8 1.5%

TABLE IX. Average science knowledge scores of students with
average factor scores at or more extreme than “agree” or
“disagree” for each category.

Factor or category

Agree ≥ 4
across factor
mean (S.D.)

Disagree 2 ≤
across factor
mean (S.D.)

Belief in aliens and life
beyond Earth*

11.2 (2.2) 11.0 (2.2)
n ¼ 2124 n ¼ 898

Faith-based beliefs* 10.5 (2.2) 12.0 (2.0)
n ¼ 1464 n ¼ 1197

Positive attitudes towards
science and technology

11.3 (2.2) 11.3 (2.0)
n ¼ 4174 n ¼ 24

Belief in unscientific
phenomena*

10.7 (2.3) 11.6 (2.1)
n ¼ 1611 n ¼ 1825
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FIG. 3. Self-reported interest in science.
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FIG. 4. Self-reported interest in astronomy.
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high interest in science in general and lower interest in
astronomy specifically. Additionally, students were asked
to rank their overall knowledge about science from not at
all to a little to very knowledgeable. As can be seen in
Fig. 5, most students rated themselves as moderately
knowledgeable about science.
Students’ interest in science and self-reported knowledge

in science showed a moderate positive significant correla-
tion (rs ¼ 0.474, p < 0.01). Over 75% of those who
reported being very knowledgeable were also very inter-
ested in science and 60% of those who reported being not at
all knowledgeable also reported low interest in science.
Seven hundred and sixty of these students also completed
the Science Knowledge, Beliefs and Attitudes Survey and
were used to compare their self-reported knowledge about
science and their basic science knowledge. The average
science knowledge score of this subsample was 10.7,
S:D: ¼ 1.9. There was a small significant positive corre-
lation between students’ self-reported knowledge and their
basic knowledge scores (rb ¼ 0.181, p < 0.001). The
students who reported that they were moderately knowl-
edgeable and very knowledgeable receive the highest basic
science knowledge scores.
Additionally, there was a significant positive correlation

between those who reported that they liked science and felt

that sciencewas important to their future career, (rs ¼ 0.456,
p < 0.01). Students’ self-reported majors and careers plans
were coded into general categories (e.g., undecided, STEM,
business, retail, public service education, arts and human-
ities, and law) for analysis. Table X gives the breakdown of
students’ career choices in the sample and the percentage of
those who believed that science was both very and not at all
important to their future careers.
Overall, students’ interest in science was significantly

different depending on their future career choices.
[X2ð48Þ ¼ 182, p < 0.01] with STEM majors showing
the most interest in science and students planning to go into
careers in retail and service reporting the least interest in
science. Those who were undecided about their future
career choices were split between being very interested and
uninterested in science, although twice as many felt that
science would not be important to their future career. Those
planning on going into education, most as elementary
school teachers, were split but still twice as many felt that
science was not at all relevant to their future career.

4. Research question 4

What is the relationship between students’ sources for
science information and their science knowledge?
On the Science Knowledge, Beliefs and Attitudes Survey,

students were asked to rate the top three places they gained
information about science both for their own knowledge
and for class assignments. Students’ responses to sources of
information about science were analyzed using descriptive
statistics. Figure 6 below shows students’ responses based
on the most frequent responses.
Students consistently reported gaining a large percentage

of information for both their own knowledge and their
course assignments from internet searches. Unsurprisingly,
they also reported gaining information from professors and
textbooks for course assignments, with fewer reported these
sources for their own knowledge. Online science sites were
also important for these students gaining knowledge about
science and Wikipedia was an important source of infor-
mation for a small fraction of these students.

FIG. 5. Students’ self-reported knowledge about science.

TABLE X. The relationship between students’ future plans and the importance of science to their future career.

Students reported future
careers (n ¼ 1211)

% of respondents who indicated
that science is very important to

their future career

% of respondents who indicated
that science is not at all important

to their future career

Undecided (n ¼ 209) 18 47
STEM (n ¼ 170) 75 6
Business (n ¼ 317) 11 55
Retail or service (n ¼ 24) 0 83
Public service (n ¼ 137) 17 39
Education (n ¼ 78) 18 42
Arts and humanities
(n ¼ 160)

6 69

Law (n ¼ 75) 7 75
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Analyses, both descriptive counting and nonparametric
statistical tests of relationships, revealed that there was no
pattern between where students reported getting their
information about science and their science knowledge
scores, use of evidence, or complexity scores when
describing what it means to study something scientifically.

5. Research question 5

What are the relationships between introductory
astronomy students’ judgments of the reliability of sources
of information and their science knowledge?
Students were asked to rank their top three choices for the

most reliable sources of scientific information as well as the
least reliable sources of scientific information. Responses to
both rankings were analyzed for consistency to support
students’ rankings of reliable sources. We found 98% of the
respondents were consistent in their ratings and those were
included in the analysis shown in Fig. 7. Overall, taking into

account students’ top choices, students reported that the
most reliable sources of scientific information were pro-
fessors or teachers (71%), textbooks (66%), academic
journal (researchers) (59%), and online science sites (e.g.,
NASA) (59%). Fewer students ranked finding similar
information from multiple websites (12%), Wikipedia
(5%), or social media sites (3%) as being the most reliable
sources of scientific information. Social media (89%),
friends and family member (60%), and Wikipedia (43%)
were reported as the least reliable sources of science
information.
For the subset of students who fully completed both

surveys (n ¼ 760), each student had a knowledge score as
well as a quality and thematic description of how they
described studying something scientifically. Students’ sci-
ence knowledge scores ranged from 29% to 100% with an
average of 76%. This range is slightly lower, but overall
consistent,with our larger sample of students reported above.
In their open-ended responses, 22% of students described
science as empirical, having to do with observations or data,
14% described the use of hypotheses, 10% described the use
of evidence, and 10% described the use of data or analysis.
Students’ complexity scores ranged 20% of the respondents
scored as a “0” (off target responses) to one individual who
was scored as a “4” (exemplary response). One-third of the
respondents had an answer thatwas scored as a “2” (on-target
with small meaningful connections) and 37% had an answer
that was scored as a “1” (on-target but superficial).
To investigate how students’ responses about reliability of

sources were connected to their science knowledge scores,
students’ responses were binned into categories including
academic sources (lectures, professors, textbooks, assigned
readings), online searching (Wikipedia, Google searches),
social media (Facebook, YouTube), online science sites
(e.g., NASA, Discovery), and other types of media (books,
TV, and newspapers). A comparison was then made
between how students rated different sources of information
to their science knowledge scores. There was a significant
difference [tð631Þ ¼ 4.73, p < 0.01], with a medium effect
size (g ¼ 0.65), in students’ science knowledge scores
between thosewho reported similar information onmultiple
websites and Wikipedia as top sources of reliable informa-
tion about science (Mean ¼ 9.7, S:D: ¼ 2.1) versus more
academic sources such as journals and textbooks as more
reliable sources of information (Mean ¼ 10.9, S:D: ¼ 1.7).
Additionally, students who reported online sources as more
reliable were less likely to discuss evidence and hypothesis
testing in their open-ended responses about science and had
lower complexity scores to their responses about what it
means to study something scientifically.

IV. DISCUSSION

Our work over the last 27 years has given us insight into
introductory astronomy students’ basic science knowledge,
beliefs, and attitudes. More recently, we have examined

FIG. 6. Top sources where students report getting information
about science.
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FIG. 7. Students’ top choices about the most and least reliable
sources of science information.
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students’ interest in science, self-reported sources of
information about science and how they value that infor-
mation and the relationships between these and students’
science knowledge. The longevity of our study has helped
us look for long term trends and boosted our confidence in
our findings. Similar to what has been reported about the
U.S. general public’s level of factual knowledge about
science [23] very little has changed in students’ basic
science knowledge over the course of the study and there is
evidence that more college science courses are associated
with more correct factual answers [14]. Our results support
Miller’s [49] conclusion that college science courses are
important for increases in science knowledge. There was a
small linear trend between students’ science knowledge
scores and their year in college. Despite this, it is not clear if
science courses are the largest contributor to students’ basic
science knowledge or if it is attributable to other factors as
they progress through their college career. Additionally,
based on the finding that students in this study outper-
formed the results of the general public, it seems that being
prepared for, and college bound, may be a better predictor
of basic science knowledge and not the courses themselves.
In our data, it is clear that there are other intervening factors
that have a much larger effect than number of science
courses completed, reported majors, or other student
demographic variables. This lack of explanatory power
is also supported by literature on lifelong and free-choice
learning, which supports the claim that most science
learning is done outside of school [50,51].
The belief and attitude items on the survey are relevant to

an instructor of introductory astronomy for nonscience
majors since they combine to form a landscape of beliefs
and attitudes toward science and technology. Instructors
need to know about their students’ prior knowledge and
beliefs and the level of susceptibility they might have to
pseudoscience and irrational belief systems. One factor
from the analysis is directly relevant to one of the most
exciting topics in astronomy: the search for life in the
Universe, or astrobiology. The questions included those
that probed students’ belief in intelligent life beyond Earth
and their support of the search for life on other planets.
Similar to other studies of students attitudes toward science
[26,27], students’ positive attitudes towards science and
technology were seen across the spectrum of students who
had higher and lower science knowledge scores showing
that strong science knowledge is not required for support
for science. This was in contrast to students who had strong
religious beliefs and pseudoscientific beliefs. They had
worse science knowledge scores than those who did not
hold these beliefs.
This study provides empirical evidence that students

who have higher interest in science also perform better on
basic science knowledge questions. Although unsurprising,
this underscores the importance of these introductory
astronomy courses as opportunities to engage students in

science and increase their interest and motivation to learn
about science. Additionally, many of the students in this
study did not view science as important to their future
career, yet as citizens it is important that they are able to
make informed decisions about science that impact society
and their own lives. This broader goal also aligns with the
international goal of increasing scientific literacy for these
students [6,20] and demonstrates further potential for
introductory astronomy instructors to address the broader
importance of science to society.
This study provides additional evidence that students are

looking for much of their information about science online.
This finding is similar to recent studies of high school
students who report using the internet and search engines to
conduct research [15,52] and surveys of where the general
public reports getting knowledge about science [23]. In this
study, the sources of science information a student used did
not predict a students’ basic science knowledge but their
ability to judge the reliability of information did seem to
matter. This again aligns with findings from a study of high
school students in which the trustworthiness was based on
the perceived reliability of the source and not evaluation of
the content [15]. The small population of students who
believed that online sources were very reliable have yielded
interesting insights into students’ misunderstanding of
science (e.g., replication or finding information on more
than one website) which has been documented among high
school students [52]. This provides evidence of a link
between information literacy and scientific literacy sup-
porting many instructors’ intuition about this connection
and other work describing this connection [9,17]. Our
findings suggest that students’ overall knowledge of
science and how science works is more closely related
to their ability to judge the reliability of sources of science
information than their choice of sources of information.
This is important for instructors to be aware of as they
prepare to teach large populations of students who do not
intend to go into science careers nor see science as integral
to their future career and lives.

A. Limitations

There are several limitations to this study worth noting.
The sample used for both surveys was one of convenience
which allowed us to obtain responses from a large number
of students in astronomy courses each year. As such, we are
not able to generalize our findings to a larger sample, but
this study may still be useful for understanding college
students in nonmajor science classes with similar demo-
graphics at large public research universities. Although the
first survey remained unchanged for over 25 years, giving
us the ability to directly compare student response to the
same questions, the items lacked depth beyond basic
science knowledge making it difficult to make larger claim
about students’ scientific literacy. Thus, we have made our
inferences carefully relying on the relationships between
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science knowledge, interest, attitudes and beliefs, demo-
graphic information, and self-reported sources of informa-
tion. Additionally, our methods allowed for surveying
students at a single point in time which did not allow
for following students to note changes over their college
career. Despite these limitations, the large amount of data
that has demonstrated consistent results over time lends
itself to our findings.

V. CONCLUSION

Overall, this study has provided valuable information
about college students who choose to take nonmajor
astronomy courses to better understand their basic science
knowledge, attitudes towards science, interest in science,
where they report getting their information about
science, and their judgment of that information. The
relationships between these demonstrate the value of help-
ing students see the value of science in society, increasing
their belief for the need for science, and helping them
evaluate where they get their information about science.
Although this was not an intervention study, it was clear
that students with more positive attitudes and interest in
science also had higher basic science knowledge and better
information literacy. This supports the notion that

introductory astronomy courses are opportunities to
increase students’ positive attitudes towards and the
importance of science in their everyday lives as well as
increase their ability to obtain and evaluate scientific
information [2].
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APPENDIX: COMPARISON OF BASIC SCIENCE
KNOWLEDGE QUESTION RESPONSES

Results to science knowledge questions from our
undergraduate sample (italicized), the NSB reports [23]
(bold), and the Pew reports [11,12] underlined). N/A
indicates that the question was not given on that survey
that year.
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