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Abstract

The past generation has seen major advances in science and technology, and in the
preparation of high school students for college. This study investigates changes in the science
knowledge of college students, and in their attitudes and belief systems regarding science and
technology. Over 12,600 non-science majors at the University of Arizona were surveyed using the
same instrument over a period of 27 years. The knowledge-based component of the survey
overlaps with questions used by the National Science Foundation over the same interval to measure
science literacy in the adult U.S. population. The instrument measuring beliefs and attitudes is
original to this study. The central result of this work is that student knowledge shows almost no
change, in the aggregate or measured by individual items, over this span of time. This is in contrast
to a significant gain in science literacy among the U.S. adults. In terms of beliefs, student
susceptibility to pseudoscience ideas is relatively high and stable over time. College students have
a positive attitude towards science and technology that is constant over time, except for changes
on a few issues of societal importance. Responses for several items indicate the appearance of a
strong gender effect in the past decade. This long-term study suggests there is still substantial work
to be done in giving non-science undergraduates basic scientific knowledge and in training them
how to think critically in world increasingly dominated by science and technology.
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Science literacy continues to be a critical issue for educators, scientists, and policy makers.
It is generally framed as sufficient scientific knowledge, and understanding of how the process of
science works, to function as an informed citizen in a technological society (Miller, 2012;
Gunstone, 2015). The issue of science literacy has been discussed for almost sixty years (Hurd,
1958; McCurdy, 1958) and is consistently discussed and studied in international contexts
(Holbrook & Rannikmae; Laugksch, 2000; Miller, 2004; Sadler & Zeidler, 2009). There have
been periodic attempts to summarize and reframe the motivations for the general population to be
knowledgeable about science (Thomas & Durant, 1987), and these debates are still active (Yore,
2012). The context for science literacy is lifelong learning, where formal exposure to science in
school and college is a precursor to a long and variegated set of exposures to science in informal
settings (Sacco, Falk, & Bell, 2014). There have been no longitudinal studies of science literacy
and attitudes towards science among college students, which motivates this survey their
preparedness to participate in informed debate about societal issues involving science and
technology.

We have characterized the science knowledge as well as the attitudes and beliefs about
science and technology of undergraduate non-science majors, now we want to know if there have
been any changes over time. This is part of a series of papers deriving from a long-term study of
the basic scientific knowledge and attitudes towards science and technology of undergraduate
students at the University of Arizona. Results from the first twenty years of the survey are
described in Impey, Buxner, Antonellis, Johnson and King (2011). Undergraduates entering
college had marginally higher science knowledge scores than the general public, as measured by
the NSF (National Science Board, 2016). Superstitions and beliefs in pseudoscience were
commonplace, and such beliefs were essentially uncorrelated with science knowledge (Impey,
Buxner, & Antonellis 2012). Other papers by our group have focused on responses to open-ended
questions in the survey (Antonellis, Buxner, Impey, & Sugarman, 2012), levels of beliefs in
astrology (Sugerman, Impey, Buxner, & Antonellis, 2011), and student sources of information
about science (Buxner, Impey, & Tijerino, 2013). Recently, we have begun administering the
survey in two massive open online classes (MOOQOCs) in astronomy that we run, in order to compare
science knowledge and beliefs between free-choice adult learners and students taking science as
part of their formal college instruction (Impey, Wenger, & Austin, 2015).

The theoretical framework for this study is based on the fact that learning in a college
classroom, or any formal classroom, represents a small fraction of a person’s lifelong exposure to
science (LIFE Center, 2005). Falk and Dierking (2010) argued that international data on science
literacy across a lifetime are best understood in a context where most science knowledge is gained
in informal settings. Among adults, free choice learning experiences such as using the Internet,
reading about science, and watching documentaries and videos about science were strong
predictors of self-reported knowledge about science and technology (Falk & Needham, 2013).
Formal education was a predictor, but it explained less variance than other factors. In this study,
our premise is that college instruction may not be the primary factor that shapes science knowledge
and attitudes. Free choice learning situations provide the great majority of an adult’s exposure to
science (Stevens & Bransford, 2007), and the majority of their science knowledge shaping
experiences. Also, the modes of informal science learning have changed dramatically over the past
several decades and we can bring a unique, longitudinal data set to bear on this topic.
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Literature Review

Surveys of Public Science Literacy

Ongoing studies of scientific literacy in adults have focused on determining key aspects of
scientific literacy, ways to measure it, and comparisons between adults in different countries
(Miller & Pardo, 2004). Additionally, relatively recent efforts to assess international students’
scientific literacy has resulting in new frameworks and assessments given to high school students
in different countries every three years to be able to compare students’ scientific literacy (Bybee,
McCrae,& Laurie, 2006) .

The science knowledge and attitudes of undergraduate students cannot be viewed in
isolation. During their four to six years at university, non-science majors might take two or three
science courses as part of a Liberal Arts “breadth” requirement, but that formal exposure to science
is likely to be a small fraction of their overall exposure. For college students, science preparation
takes place primarily in high school. Nationwide, there has been an increase in the fraction of high
school students electing to take science classes. Losh (2006) found increases from 1990-2001 of
79% to 86% in students taking biology, 49% to 66% in students taking chemistry, and 31% to 37%
in students taking physics. These data are consistent with the increasing math and science
preparation as measured by the National Center for Education Statistics (2014), where more
science is being taken over an interval that nearly matches this study, with the largest overall
participation in biology, followed by chemistry, and then physics. This general upward trend
masks substantial regional variations. Over 75% of University of Arizona students are from
Arizona and California, which in the 2005 National Assessment of Educational Progress ranked
39" and 44" in the country, with only 20% of eighth grade students at or above the proficient
science level (CCSSO, 2007).

For adults in the United States, the data on undergraduate students are best compared with
NSF data on the general public, since the survey instrument has direct overlap with the one
administered by the NSF and published in the Science and Engineering Indicators series of reports
(National Science Board, 2016). The NSF has changed its methodology over the years, which
raises some concerns about interpreting time evolution. Before 1982, the data were collected
through in-person interviews. From 1982 to 2004, data were collected by phone interviews, using
the Institute of Social Research at the University of Michigan as the contractor (Miller, 1983;
Miller, 1998). In 2006, the NSF began to gather even more comprehensive data using the biennial
General Social Survey, which also marked a return to face-to-face interviews. Typical sample sizes
in these surveys are 1500 to 2500. On factual knowledge, as measured by a core set of nine
questions, there is a slight but significant rise in the mean number of correct answers, from 5.4 in
1992 and 1995 to 5.8 in 2012 and 2014 (Figure 7-8 in the 2016 report). Adding in General Social
Survey data, the factual knowledge of science is strongly correlated with people’s level of formal
schooling, and with the number of math and science courses taken in college (Figure 7-9 in the
2016 report).

We make a comparison between the college students from this paper and the adult
population surveyed by the NSF, with the caveat that we can’t follow cohorts within the university
population, and we have no measures of their informal science exposure either before or after they
graduate. The most recent NSF Science Indicators report finds intriguing patterns in the
relationship between age and level of science knowledge. For example, in 1992 those aged 25-34
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answered 64% of the questions correctly while those older than 65 only answered 47% of the
questions correctly. By 2014, the older population showed a substantial gain and this gap had
shrunk from 17% to 7%. Younger generations have more formal education than older generations
so it is difficult to separate cohort differences in education from aging and other factors. But public
understanding of science has increased over time and by generation, after controlling for levels of
formal education (Losh, 2010, 2012).

Where Adults Get Their Information about Science

Adult Americans encounter science in a variety of informal settings such as museums and
science centers, TV or cable programs, and videos on the Internet. The lifetime exposure to science
in free choice settings probably dominates the limited amount of time these people have spent in
a science classroom (Falk & Dierking, 2010; Falk & Needham, 2013). As students eschew
traditional, authoritative sources like books, the primary source of science information is rapidly
shifting to the Internet. Data from the NSF’s series Science and Engineering Indicators show that
as a primary source information about science and technology, use of newspapers has declined
from 17% to 7% and use of television has declined from 44% to 25% between 2001 and 2014,
while use of the Internet has increased from 10% to 47%. The Internet is even more dominant as
the primary source of information for particular scientific issues, growing from 44% to 68%, while
newspapers and television languish below 15% (National Science Board, 2016). Wikipedia
dominates as an online destination (Bateman & Logan, 2010; Okoli, Mehdi, Mesgari, Nielsen, &
Lanamaki, 2014), leading to an attempt to improve the content as a vehicle for science literacy
(Wikipedia, 2016).

As a context for potential changes in the interest of adults in various science topics, we’ve
used Google Trends, a web tool that reports the number of times the Google search engine was
used to search for a particular keyword or phrase since 2004. Google reports the data normalized
to the peak number of searches, rather than giving absolute numbers (these data are proprietary
because it has commercial value in terms of setting advertising rates). Therefore, we have averaged
searches on specific topics throughout each calendar year and normalized them to searches on the
broad term “science.” We gathered Google Trend statistics for many issues addressed in the
Likert-scale items. Searches on “biology” have been increasing since 2009 to become 20% of the
searches on science, a time which corresponds roughly to the ability to sequence genomes and
make connections between genetics and human disease. Searches on “space travel” declined
towards the retirement of the Space Shuttle but rebounded with the emergence of commercial
space activities of Virgin Galactic and SpaceX. Searches on “climate change” are rising, with
peaks aligned with the worldwide summits in Copenhagen in 2009 and Paris in 2015 (Figure 1).
Finally, searches on “exoplanets” show the clear impact of NASA’s Kepler mission, which has
discovered most of the known exoplanets in the past five years. Since we know that millennials
get most of their information on specific science topics from the Internet, these types of data should
be useful in diagnosing interest in and awareness of science issues.
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Figure 1. Google Trend data showing the searches on the term “climate change” normalized by
searches on the term “science”.

There have been profound changes in science and technology over the period spanned by
the survey reported in this paper. Consider students at the beginning and the end of the time period.
The typical student from the 1989 cohort was born in 1971. They went to college in a low-tech
world. The first portable Macintosh was introduced in 1989, but personal computers were too
expensive for most students and email was just beginning to be widely used. The Internet did not
exist in 1989. The typical student from the 2016 cohort was born in 1998. They’ve spent their
entire lives with portable computers and the Internet, and all their teenage years with smart phones
and social media. In science research, this interval spans the dramatic rise of genomics, and a rise
in federal funding for biomedical and life science fields from a level slightly higher than physical
sciences in 1989 to a level four times higher in 2016 (AAAS, 2016).

Research Questions

We have characterized the science knowledge as well as the attitudes and beliefs about
science and technology of undergraduate non-science majors, now we want to know if there have
been any changes over time. The stability and the long time baseline of this survey enable us to
address a broad range of research questions. Do we see any changes in science knowledge,
attitudes, and beliefs about science and technology in our population? NSF is doing this same kind
of study with the general public, how do our results compare? In addition, we have gender
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information for our participants, and prior studies have found differences in science knowledge
and attitudes toward science based on gender (Gokhale, Rabe-Hemp, Woeste, & Machina, 2015;
Hayes & Tarig, 2000; Osborne, Simon, & Collins, 2003), so we examined our data for these same
trends, and to see if there is any change over time.

We attempt to compare to our survey to national data on the general public where possible.
The twin measures of science knowledge and attitudes towards science and technology are unique
to this study. Our work here addresses the following specific research questions:

(1) Does the basic scientific knowledge of undergraduates show any change over 27 years?
Within this broad question, we can address a number of subsidiary questions: (1a) Are
there any changes over time on particular knowledge items in the survey? (1b) Is there any
change after the introduction of a new General Education curriculum in 1998? (1c) Are
there any gender effects over time? (1d) How does the performance of undergraduates
compare over time with that of the general public as measured by the NSF?

(2) Do the attitudes and opinions of undergraduates towards science and technology change
over 27 years? Within this broad question, some more limited questions are of interest: (2a)
Have student susceptibilities to superstition and their beliefs in pseudoscience changed
over this time interval? (2b) Has student support of science and technology changed over
this time interval? (2c) Are there gender effects in attitudes and beliefs over time?

Research Settings and Methodology

Participants and Setting

The audience for the study was undergraduate students at the University of Arizona taking
an introductory astronomy class as part of the science requirement for non-science majors. Our
sample of college students spends about 110 hours in a classroom fulfilling their science
requirement and an additional 200-300 hours doing class assignments. The University of Arizona
is a Land-Grant, Research | institution located in Tucson, Arizona, with a current undergraduate
population of 42,300. In terms of preparation for college, the mean combined SAT score for
freshmen hasn’t changed substantially over the period covered by this study. The scores were 1096
in 1995, 1101 in 2000, 1122 in 2005, 1098 in 2010, and 1113 in 2014 (The University of Arizona
Fact Book 2015). For comparison, mean combined SAT scores for entering college students
nationwide were 1006 in 1989, 1010 in 1995, 1019 in 2000, 1028 in 2005, 1017 in 2010, and 1010
in 2014 (College Board, 2015). The University of Arizona scores are around the 60" percentile of
the national distribution of scores and so are typical of a large public university.

The total sample size from 1989 to 2016 is 12,676 students. About 80% of the students
surveyed are lower division, consistent with taking required Tier 1 and Tier 2 General Education
courses before specializing in their various majors. Even though the fraction of seniors is quite
small, it is sufficient to compare data for entering freshmen and graduating seniors. In absolute
numbers the sample consisted of 5,998 freshmen, 3,934 sophomores, 1,532 juniors, 1,079 seniors,
and 103 super seniors (five or more years at college). The remaining 40 students did not report
their class standing.
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Women are slightly underrepresented relative to their fraction of the overall undergraduate
population, which is 52-54% and relatively stable over this time interval. In terms of majors, the
largest groups in the sample are from professional programs of Law, Business, Architecture,
followed by Social and Behavioral Science, and Fine Arts and Humanities. A small fraction of the
students in general classes for non-science majors are science majors who happen to be interested
in astronomy, 3-4%. There has been a decline in the number of students with undeclared majors at
the time of the survey, but no significant change in the mix of majors. Self-reported GPA shows
no time evolution and a slightly higher GPA for women in the sample than for men.

Survey Instrument

The survey instrument, its means of being administered, and procedures for data entry,
error checking, and coding are described in Impey et al. (2011). The two parts of the survey,
diagnosing science knowledge and attitudes and opinions toward science, are given in Appendix
A and Appendix B of this paper. We use the shorthand Q1, Q2, etc., and L1, L2, etc., in this paper
to refer to specific items from the survey. Although the survey is anonymous, information is
collected on student gender, major, self-reported GPA, class standing, and the number of college
science courses already taken. The first part of the survey overlaps an instrument used by the
National Science Foundation since the 1980’s to inform science policy (National Science Board,
2016). There are fourteen true/false and multiple choice science content questions spanning the
physical and life sciences, nine of which overlap with the NSF instrument. In addition, there are
four questions with open-ended responses, the coding of which is described elsewhere (Antonellis
et. al, 2012). Responses to the open-ended questions are not addressed in this paper.

The attitudinal component of the survey consists of 24 statements about science,
technology, and society which are coded on a five point Likert scale (5 = strongly agree, 4 = agree,
3 = no opinion, 2 = disagree, 1 = strongly disagree). This part of the survey was devised by the
lead author in 1988 and it has no equivalent in any national study. The items are designed to probe
student attitudes towards science and technology, susceptibility to superstition and pseudoscience
beliefs, and opinions on topics of current societal concern such as climate change, nuclear power,
and genetic engineering. An exploratory factor analysis showed that these items could be grouped
into four distinct categories: belief in unscientific phenomena (psychic powers, lucky numbers,
etc.), belief in aliens and extraterrestrial life, faith-based beliefs (creationism, faith healing, etc.),
and positive attitudes towards science and technology (Impey, Buxner, & Antonellis, 2012). These
categories matched those determined by expert review and were confirmed through a confirmatory
factory analysis on an independent random sample of data. Both parts the survey are unchanged
over the time span of data reported in this paper.

Data Collection

The survey is administered in the first two weeks of a set of astronomy classes offered to
non-science majors. The survey is voluntary and is not used for extra credit or as part of the course
grade. Ten to fifteen minutes are allowed for its completion. Over the span of this paper the survey
was administered on paper, though it is now given online. The benefit of a paper survey is high
completion; only 3% of students choose not to take the survey so sampling of the population within
a particular class is almost complete. The level of incomplete data, or obviously frivolous or
artificial responses, is under 3%. Data were entered by hand, and an independent cross-check
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showed an error rate of less than 0.1%. More discussion of the survey methodology is given by
Impey et al. (2011).

Analysis

Analysis for the knowledge items is done by calculating the number of forced choice items
each person gets correct and reporting scores as a percent correct out of the total. These items are
analyzed individually and in groups (e.g. all physical science items) by graphing the fraction
percent each year by different demographic characteristics, the error bars on the graph show the
standard error of the mean for each sample year of the data. Each set of data has a line calculated
as a fit for the linear trend of the data, the slope of which indicates the average change of the
percent correct over time, the significance value indicates that the slope is significantly different
than zero, indicating change over time. To determine if changes across time at the university from
freshmen to seniors, were significantly different, we used a Kruskal-Wallis H tests, non-parametric
statistical tests to test group differences. This test was used due to the non-normal distribution of
the data.

Findings

The findings are reported according to the research questions listed earlier in this paper. They
are separated into science knowledge (Appendix A) and attitudes and opinions toward science and
technology (Appendix B).

Question l1a: Changes in Science Knowledge?

Overall, students did not improve their factual knowledge over time. Analyzing the 14
items, the mean score of just over 10 out of 14 shows 5-7% yearly variations, but no long term
trend (Figure 2). This is a central result of the paper, since science literacy of the general public
has been rising modestly over this span,
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Figure 2. Score on the factual knowledge part of the survey.

Although we cannot follow cohorts using this data, within a given class there is a significant
difference between groups of people who took different numbers of science courses. For example,
for sophomores the mean science score increases from 71% for those who have yet to take a
science course to 78% for those who have taken three. In all four years, these gains are significant
at the p <0.0001 level. On the other hand, if students are grouped by the number of science courses
they have taken, the difference among class years for two or three science classes taken is not
significant at the p = 0.01 level. The conclusion from this comparison is that knowledge gains are
attributable to the science classes rather aggregation of knowledge from other sources during the
time at college.

At the level of individual items, a few are noteworthy. The first survey question (Q1), on
astrology is unique in the low level of recognition that astrology is “not at all scientific,” and in
terms of the discrepancy with NSF data on the general public. Only one in five undergraduates
recognize that astrology is not scientific, although that fraction increases to one in three for seniors
and students who have completed their science requirements (Impey et al., 2011). Since a Likert
scale item frames astrology in a different way (L4), by talking about the planets influencing events
but without using the word astrology, the low performance is probably not due to word confusion
of astrology with astronomy (Sugerman et al., 2012). The NSF has asked the public’s views on
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whether astrology is scientific since the late 1970’s. The percentage of Americans that regard
astrology as unscientific has increased from 50% in 1979 to 65% in 2014, in striking contrast with
a widespread undergraduate belief in astrology. Over the survey period the percentage of college
students who consider astrology as not at all scientific was persistently only about 20%.

On the awareness that viruses cannot be killed by antibiotics (Q13), we see that students
have low success in answering this question, and a marginally significant decline in time to just
over 50%. Meanwhile the adult audience sampled by the NSF has improved their performance on
this item by nearly a factor of two (Figure 3). This is the only knowledge question when the general
public now matches college students. There are only two other items with significant time trends
among the college students. One is the question on the big bang (Q5), which shows a slight gain
in performance level over time for both students and the general public, but a persistent factor of
two performance gap between the two populations (Figure 4). The second is the multi-part question
on inherited illnesses (Q15), not part of the NSF survey, which shows a slight decline in student
performance level over the 27 years of data (Figure 5).

In sum, and without any substantial improvement in 27 years: about 40% think that
antibiotics kill viruses (Q13) and think that lasers work by focusing sound waves (Q3), about 20%
don’t know how long it takes for Earth to orbit the Sun (Q10), don’t realize electrons are smaller
than atoms (Q4), don’t accept that humans evolved from animals (Q7), don’t know that the oxygen
that we breathe was produced by plants (Q2), and they think that humans coexisted with dinosaurs
(Q8) and that radioactive milk can be made safe by boiling it (Q12). To many educators and
scientists these are eye-popping holes in basic scientific knowledge. The modest 7% gain in
knowledge after three science courses indicates that work remains to be done to tether the advances
of modern science in the minds of college graduates.

We see overall high acceptance of plate tectonics, or continental drift (Q6), human
evolution (Q7), and an acceptance of the big bang (Q8) up to levels of 80 to 90%. Two of these
are items with the largest difference between acceptance by students and by the general public,
42% of who affirm the big bang and 49% of who affirm human evolution. Question design may
play a role in this difference, since an experiment in the General Social Survey added prefaces to
make it clear that the questions referred to conclusions of the scientific community. When these
items were changed to “according to the theory of evolution, human beings as we know them today
developed from earlier species of animals” and “according to astronomers, the universe began with
a big explosion,” the scores for the public improved substantially (National Science Board, 2016).
The big bang question is also problematic for astronomers, since an explosion is a poor analogy
for the creation of rapidly expanding space-time. The lack of a gain in awareness of the role of
antibiotics is a surprise given the increase in health awareness and biology information in the past
27 years. Understanding the correct role of antibiotics is the only area where public knowledge has
caught up with that of college students (Figure 3).

We can compare the performance of entering freshmen who have yet to take a science
class at the university (n = 5,998) to that of graduating seniors who have fulfilled their General
Education science requirement (n = 1,079). There are substantial gains in physics awareness of
how lasers work (Q3) and the relative size of electrons and atoms (Q4), as well as gains in
knowledge of the Earth’s orbit of the Sun (Q10), and the biggest improvement is in understanding
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that antibiotics kill only bacteria (Q13). Meanwhile, some items see no gains over a college career,
such theory of plate tectonics (Q6), evolution (Q7), and the origin of the oxygen we breathe (Q2).
Gains on physical science items are larger on average than gains on
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Figure 3. Fraction of respondents disagreeing with the statement that “antibiotics kill viruses as
well as bacteria” (Q13).

biology items and it is unclear if this is related to instruction. In terms of gender effect, men
perform better than women on physical science items like the nature of the Earth’s orbit (Q10) and
the way lasers work (Q3), while on life science items like evolution (Q7) or the origin of the
oxygen we breathe, gender effects are small or absent (Q2).

Question 1b: Effect of New Science Requirement?

The absence of an improvement in science knowledge over 27 years is a major result of
this paper. It is also disappointing that graduating seniors show no improvement, since the
University of Arizona transitioned to a new General Education requirement in 1998 (research
question 1b), with the goal of having clearer learning goals and expectations in the natural sciences
courses. A second goal of the new system was implementing the science requirement more
uniformly across the professional schools like Architecture, Business, Law, and Medicine. There
is compelling evidence that learner-centered methods improve learning outcomes nationwide and
across science subjects (Freeman et al., 2014). However, pedagogical innovation may have been
too slowly and incompletely adopted to show any effect in this study. Unpublished data from the
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University of Arizona’s Office of Academic Affairs suggest that only 15-20% of the classes
sampled in this survey were using the active learning methods (Gail Burd and Tom Fleming, 2016,
personal communication).
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Figure 4. Fraction of respondents agreeing with the statement that “the universe began with a huge
explosion” (Q5).
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Figure 5. Fraction of respondents correctly answering a four-part question to demonstrate
understanding of the transmittance of inherited illnesses (Q15).

Question 1c: Gender Effects?

There is a small gender offset (Figure 2), with men scoring about 5% higher than women,

and that also shows no time trend. When the items are divided into six life science questions and
eight physical science questions, the gender effect is smaller for life science than for physical
science.
Something analogous is seen in the recent NSF data, where men score 9% higher on the physical
science index while women score 4% higher on the biological science index. The gender effect
might be explained by the tendency for men to guess rather than not answer a question (Mondak,
2004).

Question 1d: Comparison to the Public?

The students in this sample range in population cohort from mid Generation X in 1989 to
late Generation Y or Millennial in 2016. They can be compared to the adults surveyed by the NSF
in the Science Indicators reports, who covered a broader age range at every epoch. For this
comparison we use the nine out of fifteen questions that overlap the instrument used by the NSF.
Figure 6 shows a slight upward trend for the general public in NSF surveys compared to the
fluctuating but non-varying scores for University of Arizona undergraduates. We emphasize that
this trend is not mirrored in our college student sample. NSF data show a strong dependence of the
science knowledge score on education level, from 46% for those with no high school diploma, to
57% for those with a high school diploma, 77% for those with a bachelor’s
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Figure 6. Fraction of all the factual knowledge questions correct, for college students and for the
general public as measured by the NSF.

degree, to 81% for those with a graduate or professional degree. Student scores in our sample range
from 72% for incoming freshmen to 81% for graduating seniors, numbers which match well with
the college-educated adults of a wider range of ages in the general public. The gain in science
knowledge from those entering to those leaving college is small, but should be treated with caution;
students who are taking General Education classes as seniors may have been avoiding taking
science and so may be weaker than average in science.

Question 2a: Have Attitudes and Opinions Changed?

In terms of aggregate averages for items in the categories of superstition and
pseudoscience, any trends over the 27 years were absent. Comparing entering freshmen to
graduating seniors, few items show any difference, with the exception of the item on creationism,
where seniors disagree more than freshmen that the biblical creation story should be taught
alongside evolution in the schools. Luckily, the seniors are less inclined to believe in lucky
numbers than freshmen. The null result of most relevance to educators and scientists is the fact
that susceptibility to pseudoscience and superstition does not decline between a snapshot of
entering freshmen arriving and an analogous snapshot of graduating seniors. In fact, in their belief
in astrology, where students were already more credulous than the general public, is increasing
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(L4, slope =0.021 / year, p = 0.0003). Taking three required science classes does not seem to lead
students to be more skeptical or use evidence-based reasoning to form their beliefs.

Question 2b: Has Support of Science and Technology Changed?

There are some interesting trends and null results among other specific items. The most
positive response among all 24 items is to the statement that “overall, the progress of science and
technology has been beneficial to our civilization (L1).” Over 95% of all students agree or strongly
agree with this statement, and that support has been slowly but steadily increasing (slope = 0.005
[ year, p <0.001). For research question 2b, the conclusion is that support for science is very robust.
There is widespread concern over the environment, with 84% of students agreeing or strongly
agreeing with the statement that “we should devote more money and scientific resources to repair
damage to the environment.” On the other hand, there have been strong increases in agreement
that “technology has too much control over our lives” (L13, slope = 0.032 / year, p <0.001, Figure
7a) and in the belief that “computers will eventually be intelligent enough to think like humans”
(L12, slope = 0.031/ year, p < 0.001, Figure 7b). We see rising disagreement with experiments on
animals (L23, slope = -0.020 / year, p < 0.0001). The strongest decline is in the belief that “some
people possess psychic powers” (L7, slope = - 0.034 / year, p < 0.001, Figure 7c), along with
weakening support for medical science terminating a human life under some circumstances (L9,
slope = -0.025 / year, p < 0.001, Figure 7d). Surprisingly, there has been declining support for
nuclear arms control (L20, slope = -0.010, p < 0.001), perhaps because reduction in nuclear
arsenals has led to a sense of diminishing threat.
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Figure 7. Significant time trends for Likert scale items: a) L13: “Technology has too much control
over our lives”, b) L12: “Computers will eventually be intelligent enough to think like humans”,
c¢) L7: “Some people have psychic powers”, d) L9: “There are some circumstances when medical
science should not be used to prolong life”.

With a survey that spans the birth of the Internet, major events in the space program, and
the rise of genomics, we also looked for any impact of major news events on attitudes). The basis
of any comparison with the general public is the normalized frequency of the relevant search term
using the Google Trend tool. Support for nuclear power is slightly rising (L8, slope = 0.008 / year,
p = 0.01), with no sign of any dip after the Fukushima disaster in 2011. Support for the manned
space program is steady (L5), even after the setback of the Columbia disaster of 2003 and the
retirement of the Space Shuttle in 2011. An increase in support for the search for extraterrestrial
life (L22, slope = 0.013, p < 0.0001) may be connected with extraordinary progress in the search
for exoplanets and the corresponding news coverage. We see no spikes or transient changes in
response to any other individual items in the attitudinal survey.

Question 2c: Gender Effects?

There are some significant and puzzling gender effects among the Likert-scale items. We
see a strong deviation in the responses of men and women on some items, starting around 2009.
There is no change in the demographics or composition of the student sample at this time to
account for these results. Around that time women start to more disagree then men with the
statement “scientists should be allowed to do research that causes pain to animals, if it helps solve
human health problems” (L23, Figure 8, right). Also around that time, women start to more
strongly express a belief in psychic powers (L7), and reject the idea of genetic engineering (L16)
and the expanded use of nuclear power (L8, Figure 8, left). There are weaker gender effects where
women have higher levels of belief in faith healing (L21) and astrology (L4), are less likely to
think that intelligent life exists beyond Earth (L6) or that computers will ever be as intelligent as
people (L12), are less supportive of the manned space program (L15), and tend to think that
technology has too much control over our lives (L13). These changes manifest most significantly
in the last five to six years. We can think of no bias or systematic error that could cause such a
pronounced gender difference. Half of the Likert-scale items have no gender effect and men and
women answer in lockstep across almost the quarter century of data.
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Figure 8. A gender effect in responses to the statements: L8 “Nuclear power is an important energy
source and its use should be expanded” (left), L23 “Scientists should be allowed to do research
that causes pain to animals, if it helps solve human health problems” (right).

Discussion

Boosting science literacy in the college population is still very much a work in progress.
In terms of the research questions posed in this paper, we find the following. First, the basic
scientific knowledge of undergraduate non-science majors is stubbornly stable over 27 years, even
after the introduction of a new General Education curriculum that was supposed to improve science
instruction, and even as the science literacy of the adult U.S. public showed modest gains. Second,
the opinions of students on scientific topics are stable, with exceptions that mostly relate to the
growing power of technology, and continuing susceptibility to pseudoscience and superstition
coexists with strong support for the scientific enterprise.

The take home messages of this study are that (1) college students think about science in a
very favorable light but have substantial holes in their basic scientific knowledge, (2) any gains in
knowledge as a result of required science courses are modest or absent, (3) the scientific literacy
of college students at a large, typical public university has not increased despite proven
effectiveness of active learning methods, an increase in the taking of high school science courses,
and a rising awareness of the importance of science and technology, and (4) shifts in student
opinions about scientific issues are probably more strongly framed by exposure to science in the
media than by formal instruction in the classroom. We note that caution should be used in
extrapolating the results of this work to the entire college-age population in the U.S., in particular
due to non-uniform sampling of the participants in this survey.

The last inference needs to be validated by a survey of where students get their science
information, which we have undertaken and expect to report on within the next year. For
perspective, students will spend about 110 hours over five years in the classroom for their science
requirement at the University of Arizona, or an average of 3.5 minutes per day. Meanwhile, over
those same five years they will spend 540 minutes a day engaged in various types of digital media,
and just 26 minutes a day spent reading for their homework or classwork (Common Sense Media,
2015). For millennials, science they seek out or encounter is tiny component of their overall data
diet. Increasing the amount and quality of science content online would be a useful long term goal
for all scientists and educators, along with giving students the information literacy to be able to
distinguish reputable from disreputable sources.

It is tempting to give college science instruction more credit than it deserves for the modest
improvements in science knowledge that are seen from entering college to graduating. The NSF
data show a gain in knowledge score of 27% between people with no college science or math
classes and those with three or more (unlike our student data, the NSF data include science majors).
However, the gain between people with no college and a bachelor’s degree is 20%, and they may
not have all had a science requirement. Moreover, the gain between those older than 65 in 1992
and those older than 65 in 2014 is 12%, and science classes are likely not implicated in that change.
We see a gain from having taken three required science classes that is 6-7%, with the caveat that
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we cannot follow a cohort of students. This is just the same as the gain from freshmen to seniors
among students who took had taken no science classes at the time they were surveyed. Thus,
students can increase their knowledge over four to five years spent in college without any formal
instruction. A regression analysis revealed that for our population, the number of science classes
taken accounted for less than 5% of the variance in students’ knowledge score (Buxner, Antonellis,
& Impey, 2010). Interestingly, the same analysis also saw less than 5% of the variance be
accounted for by the range of student beliefs (Impey et al., 2012). A similar analysis conducted on
the full data set shows that student beliefs account for just over 6% of variance in their knowledge
scores. Given the persistence of superstitions and pseudoscience beliefs, this shows that college
science teaching is not inducing students into logical ways of thinking that they can then apply in
their everyday lives.

Scientists attempt to be egalitarian in their view of knowledge. All understanding of the
natural world has intrinsic value, whether it is knowledge of the structure of an atom, or the way
information is coded in a genome, or how stars and galaxies formed from an initially hot and
smooth universe. However, an adult can be fully engaged in civic life without understanding the
Higgs mechanism or knowing the exact age of the universe, but they would hampered by not
understanding the mechanisms and causes of climate change or the nature of heritable diseases.
Science teaching in the college classroom can harness natural curiosity, but it also must connect
science issues to everyday life and to human health and wellbeing. This is the central challenge of
the 21% century science educator.
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Appendix A: Science Literacy Questions:

Q1) Would you say that astrology is very/sort of/not at all scientific?
Q2) The oxygen we breathe comes from plants.

Q3) Lasers work by focusing sound waves.

Q4) Electrons are smaller than atoms.

Q5) The universe began with a huge explosion.

Q6) The continents on which we live have been moving apart for millions of years, and will
continue to move in the future.

Q7) Humans, as we know them today, evolved from earlier species of animals.
Q8) The earliest humans lived at the same time as dinosaurs.
Q9) Which travels faster, light or sound?

Q10) Which is true? (a) The Earth goes around the Sun or the Sun goes around the Earth? (b) How
long does the orbit in the previous question take?

Q11) If the rate of inflation is falling, are prices decreasing, level, increasing? (Not used in this
analysis.)

Q12) Radioactive milk can be made safe by boiling it.
Q13) Antibiotics kill viruses as well as bacteria.
Q14) Is all radioactivity manmade/some occurs naturally.

Q15) A doctor tells a couple that they have a one in four chance of having a child with an inherited
illness. Does that mean that:

If they have only three children, none will have the illness?

If their first child has the illness, the next three will not?

Each of the couple’s children will have the same risk of suffering the illness?
If the first three children are healthy, the fourth will have the illness?

Q16) Which is the largest contributor to heart disease: smoking, eating a lot of animal fat, stress,
not getting enough exercise, lack of vitamins. (Not used in this analysis.)
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Appendix B: Likert Scale Items
L1) Overall, the progress of science and technology has been beneficial to our civilization.

L2) The Biblical story of creation should be taught alongside evolution theory in our schools.
L3) There are phenomena that physical science and the laws of nature cannot explain.

L4) The positions of the planets have an influence on the events of everyday life.

L5) UFOs are real and should be investigated.

L6) It is almost certain that there are intelligent lifeforms in other parts of the Universe.

L7) Some people possess psychic powers.

L8) Nuclear power is an important energy source and its use should be expanded.

L9) There are some circumstances when medical science should not be used to prolong life.
L10) The Universe was created in an enormous explosion billions of years ago.

L11) Some ancient civilizations were visited by extraterrestrials.

L12) Computers will eventually be intelligent enough to think like humans.

L13) Technology has too much control over our lives.

L14) Scientists should take responsibility for the bad effects of their theories and inventions.
L15) The government should strongly support the manned space program.

L16) Genetic engineering is a good idea.

L17) We should devote more of our money and scientific resources to repair damage done to the
environment.

L18) Pure science should be funded regardless of its lack of immediate benefit to society.
L19) Science will come up with a way to dispose of toxic waste.

L20) We should exert more control over the nuclear weapons developed by scientists.
L21) Faith healing is a valid alternative to conventional medicine.

L22) We should make a concerted effort to search for life on other planets.

L23) Scientists should be allowed to do research that causes pain to animals, if it helps solve human
health problems.
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L24) Some numbers are especially lucky for some people.
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