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The goal of this project is to explore how educational experiences influence the understanding
of the tentativeness and trustworthiness of science. Previous researchers created instruments to
measure how an individual’s educational experience impacts their understanding of the tentativeness
of science and identified different factors that affect trust in science. However, none of these studies
have looked into the relationships between these variables. To address this relationship, we created a
survey consisting of a combination of open-ended questions and likert-style items. After distributing
the survey and collecting the data, we used statistical hypothesis testing to determine what, if any,
correlations existed between the items and different demographics groups. Contrary to what we
initially expected, the results found that formal education in science was not a significant predictor
of an individual’s ideas about the tentativeness and trustworthiness of science, rather, political
party affiliation was the strongest predictor of an individual’s response. Further research in this
area could explore the relationships of intersectional identities and look at effects of different types

of education.
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Chapter 1

Introduction

Change in science reflects a natural progression as new ideas and theories allow us to gain a
deeper understanding of our world. Recent events, including the COVID-19 pandemic, emphasized
the importance of understanding how people reconcile the tentativeness and trustworthiness of sci-
ence. For the purpose of this study, we used the phrase ‘tentativeness of science’ to encompass the
changing nature of science and the willingness of scientists to modify scientific ideas and results.
The phrase ‘trustworthiness of science’ refers to one’s ability to trust scientific results and make
informed decisions derived from those results. This study explored one potential consequence of
misunderstanding the tentativeness of science: a lack of trust in science. We examined the rela-
tionship between science and trust from the perspective of educational experience to determine any
potential points of intersection between the three factors. How is trust in science impacted by its
iterative nature and does one’s educational experiences play a role in this?

That question guided us through creating a survey and distributing it across the University
of Colorado Boulder’s campus. We made the survey from Likert-style statements, referred to as
items, and open-ended questions that were original or sampled from validated studies. We collected
data on different social identifiers and, even though our primary focus was the impact of educa-
tional experience, we acknowledged the potential power other lived experiences possess over the
reconciliation of the tentativeness and trustworthiness of science. Once we distributed the survey
and accumulated enough data, we used descriptive statistics and statistical hypothesis testing to

discover any potential correlations between social identifiers and individuals’ answers to items. We



then explored the trends uncovered from the claims and made interpretations using available data
from both our survey and other studies. We summarized our work and considered possible future
work in the conclusion. In the rest of this section, we cover the motivation behind our work and

review any prior literature in this field of study.

1.1 Motivation

COVID propelled the tentativeness of science into the spotlight as scientists and media man-
aged emerging new evidence and resource management. Before, the general population may not have
had sufficient reason to investigate the inner workings of experiments, but ongoing scientific-based
changes to COVID policy increased awareness. Instead of accepting new information and policies
based on science, we saw denial and mistrust. We recognized the multiple influencing factors in this
period but the online reactions made us wonder about the role the tentativeness of science played
in their distrust. Even though our curiosity about COVID initiated this study, we chose not to
focus the survey on its impacts, as we wanted to expand the scope to trustworthiness of science in
general.

We focused on the tentative nature of science in general, as science is ever changing with new
discoveries or revised data and the tendency to change is a facet of the nature of science (NOS).
While popular scientific curricula like the Next Generation Science Standards provide information
about NOS in an appendix, they do not feature the information in the main curriculum, so it
is unclear how teachers might cover these concepts. This uncertainty inspired curiosity about the
impact educational experiences have on an individual’s understanding surrounding the tentativeness
of science. Does this potential lack of education impact an individuals’ trust if schools do not cover
the tentativeness of science? This question cemented our main goal of exploring the intersection
between the tentativeness and trustworthiness of science and education.

While reviewing the literature surrounding trust in science, we noticed a lack of research
about what makes people distrust science as several studies addressed only how to build trust in

science. The studies emphasized what is done in the sphere of science and experiments , such as



reproducibility tests and fostered integrity. There are also very few studies that explicitly explore

the influence of education on trust in science.

1.2 Literature Review

Related to the Tentativeness of Science

The idea of teaching more than hard science in a science class has existed before the turn
of the 20th century, and the Next Generation Science Standards (NGSS) contributed the most
recent curricula to this argument. They focused on cross cutting concepts, scientific and engineering
practices, and disciplinary core ideas. After the framework was released in July 2011, the committee
published regular updates. One of the updates was Appendix H - Understanding the Scientific
Enterprise: The Nature of Science. The goal of Appendix H was to introduce a scientifically literate
person to the nature of science [7]. Appendix H breaks the multifaceted concept of NOS into eight
segments that are interspersed throughout NGSS concepts and practices.

The third segment stated that “scientific knowledge is open to revision in light of new evi-
dence”. This understanding was incorporated into the scientific and engineering practices and was
rephrased for each level of school ranging from K-2 to highschool. The learning outcomes are as

follows:
o K-2: “Science knowledge can change when new information is found”
e 3-5: “Science explanations can change based on new evidence.”

e Middle school: “Scientific explanations are subject to revision and improvement in light of

new evidence.”

e High school: “Most scientific knowledge is quite durable but is, in principle, subject to

change based on new evidence and/or reinterpretation of existing evidence.” [7]

A study in 2016 analyzed and critiqued the Appendix H and rated each of the eight segments

and the respective provided examples as either acceptable or unacceptable. To gain an acceptable



rating, the exemplar had to be both accurate and related to the category. A panel of five expert
science educators with a background in NOS determined the accuracy of the examples along with
two other questions; how frequently do the NOS categories appear in the overarching curricula, and
how complete is the NGSS version of NOS compared to a broader list created by a NOS focused
meta-analysis. The tentativeness of science was rated acceptable across the three categories but
there are critiques concerned with how this topic is taught in schools. The main concern cited was
the lack of assistance when it came to teachers learning about NOS and implementing NOS in their
classroom [20)].

An instrument, the Student Understanding of Science and Scientific Inquiry (SUSSI), tested
certain aspects of the NOS and went through many revisions and validation tests. The instrument
measured students’ development of scientific knowledge and their beliefs inherent to NOS by in-
cluding both qualitative and quantitative questions. Researchers have used SUSSI in many studies
such as testing the effectiveness of historical storytelling or assessing preservice elementary teachers’
views about NOS. The entire instrument focuses on seven essential elements in K-12 science educa-
tion which includes the tentativeness of scientific knowledge. Their definition of the tentativeness
of science can be found below.

“Scientific knowledge is both tentative and durable. Having confidence in scientific
knowledge is reasonable while realizing that such knowledge may be abandoned or
modified in light of new evidence or reconceptualization of prior evidence and knowl-

edge. The history of science reveals both evolutionary and revolutionary changes.”
7]

Related to the Trustworthiness of Science

The National Science Board under the National Science Foundation collected data from mul-
tiple sources about the attitudes and interests in science over the past four decades. The May
2022 report included a measured high confidence in scientists from a majority of American adults
who also reported they recently sought information about medicine or disease [3]. The report does
not state how Americans looked into the information and what sources used and trusted. One of

National Science Board’s sources is the Wellcome Global Monitor (WGM) which measured global



attitudes towards science in 2018.

The WGM report measured trust from 140 different areas and countries and, while we were
concerned about the trust of science in America, there were overarching trends we considered impor-
tant. The WGM identified the two main factors that influenced personal levels of trust in science as
“learning science at school or college and confidence in key national institutions” [§]. The statistical
analysis only explained 15% of the variations in trust but other potential factors were location,
access to information, and economic status.

America, with about 1000 participants, ranked as one of the top countries who trusted science.
25% of respondents reported a high level of trust in scientists and 13% of respondents felt less
trusting [8]. The only other options were “medium trust” or “no opinion”. The questions WGM
asked included measuring trust that scientists reported accurate information, scientists worked for
the benefit of the public, and scientists were honest about their funding. This report was created
in 2018 so COVID had no influence on the data. However, a repeat study conducted by WGM in
2020 found that, on the global scale, trust levels increased from 34% in 2018 to 43% by the end of
2020 [9].

As a global study, the WGM’s identified drivers of influenced trust in science were broad.
While the study asked about confidence about national institutions, including confidence in the
national government, it did not ask about political parties. In America, ideological thinking along
party lines has become prevalent over the past few decades. According to the Pew Research Center,
“the overall share of Americans who express consistently conservative or consistently liberal opinions
has doubled over the past two decades from 10% to 20%” [12]. Political divisions influence many
aspects of life but a recent study conducted at University of Chicago in 2021 measured a 30-point gap
between Democrats and Republicans when asked about their confidence in the scientific community,

which is up from a 9-point gap in 2018 [14].



1.3 Leading Questions

With a completed literature review and stated motivation, we crafted research questions that

lead us through the rest of the project.

e Does education influence how the tentative nature of science is understood?

e What causes people to distrust science?

e How does personal educational experience impact the ability to reconcile the tentativeness

and trustworthiness of science?



Chapter 2

Methods

In this chapter, we presented the methods used in our study of the tentativeness and trustwor-
thiness of science. This included the creation of the survey, the context surrounding distribution,
and the ways in which we analyzed the data. The survey creation process included using ques-
tions and items from previously validated instruments and creating our own. The context section
explored the distribution methods we used and a breakdown of the final data set population. We
also described the rubric creation process for the qualitative section and the statistical strategies

we employed for the quantitative data.

2.1 Survey Creation

This section explores the creation of our survey. We designed the survey using existing items
from validated measurement tools and original items and questions that engaged with our specific
research questions. Appendix D has the full survey.

Format

The survey consisted of four open-ended questions and, because of two conditional items that
relied on participants’ prior responses, ten to eleven Likert-scale items. These represent the two
popular question formats in a survey: open and closed-ended questions, each with their own affor-
dances and constraints. Open-ended questions allowed participants to generate their own responses
which can be more representative of the participants’ beliefs than close-ended questions, as we did

not limit their answers. However, the open-ended questions were more time consuming to analyze



[10].

Closed-ended questions were quicker to analyze, as we converted individuals’ answers to num-
bers. Some examples of closed-ended questions are multiple choice selection, true/false, and the
Likert-scale which we used in this survey. The Likert-scale we used provided the participants with
five reactions to a statement, ranging from strongly disagree to strongly agree with neither agree
nor disagree in the middle. This model measured both direction and intensity of attitude towards
the statement.

Questions & Items from Outside Sources

While there were no previous studies that addressed the exact purpose of our survey, some
studies addressed specific aspects of our leading questions and provided validated inventories we
used. The SUSSI survey, mentioned in the literature review, measures beliefs related to the nature
of science and scientific tentativeness. As we wanted to measure the individual’s understanding
of scientific tentativeness, we implemented both open-and-closed ended questions from the SUSSI
survey. This included one open-ended question and five Likert-style items, as well as the coding
rubric for the first open-ended question. Due to the previous validation and potential for comparison

across studies, we changed nothing about the items and questions listed below.

I1: Science is subject to change.

e [2: It is possible that scientific theories may be completely replaced by new theories in light

of new evidence.

e [3: It is possible scientific theories may be changed because scientists reinterpret existing

observations
e [4: It is possible scientific theories are subject to ongoing testing and revision.
e [5: It is possible scientific theories based on accurate experimentation will not be changed.

e OQ1: With examples, explain why you think scientific theories do not change OR how (in

what way) scientific theories change.



After the section which measured scientific tentativeness, the survey explored participants’
attitude towards science. The second half of the Likert-scale items evaluated personal connections
to science and levels of trust. Items six, seven, and eight came from The National Science Board’s
annual survey mentioned in the literature section. We changed the wording of Item 8 during the
revision process as the original wording stated “An absolute truth exists and science is the key to

discovering it” [3]. We discuss this revision in the revision section below.

e [6: Science is reliable and trustworthy.

e [7: Science, in general, makes life better for the average person.

e [8: Science is an important method for discovering our natural world

Original Questions & Items

We created original questions and items for this survey, and in this section, we described
the motivation for these new questions and provided the prompts (listed below). The ninth item
addresses one of our leading questions for the study. We explored how educational backgrounds
influence beliefs about the tentativeness of science and, in specific, if academic failure played a
role. Did the education system link change with failure and what are the repercussions of that
connection? So the ninth item stated that being incorrect and asked to change is a sign of failure.
The tenth item explored a connection between credibility for personal ideas and the changing nature
of science as a potential consequence of the tentative nature of science.

Open-ended questions two and three addressed a different consequence. We asked about
participants’ reactions to a trusted source reporting on something scientific changing. The one
difference between OQ2 and OQ3 is that OQ2 asked about a non-personal scientific idea changing
(e.g., general relativity) while OQ3 asked about something scientific that plays into a personal belief
(e.g., eating meat affects the planet). We used the same rubric to compare answers of individuals and
examined trends. The last open-ended question explored how a participant’s education influenced

their understanding of the tentativeness of science.
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e [9: Education enforces that being incorrect and asked to change is a sign of failure.
e [10: The fact that science is sometimes incorrect provides credibility to personal ideas.

e OQ2: If a reputable scientific source stated that a well-known theory (i.e. general relativity

or big bang theory) is incorrect, how would you react to the finding?

e 0Q3: If a source you trust stated that a personal core belief (e.g., eating meat is bad for

the planet, aliens exist) is scientifically incorrect, how would you react to the finding?

e OQ4: How has your educational experience impacted your opinion regarding the chang-

ing/static nature of science?

Once participants finished the Likert-scale section, they were presented with a final item which
depended on their previous answers. Item 1 states that science is subject to change and, depending
on a participant’s answer, they were presented one of two Likert-style items. If an individual agreed
that science changes, they evaluated the statement “science is more trustworthy because it changes”.
If they disagreed, the phrase was “science is more trustworthy because it does not change”. These

items target the intersection between the tentativeness and trustworthiness of science.
e [11: Science is more trustworthy because it changes.
e [12: Science is more trustworthy because it does not change.

Revisions

The Physics Education Research (PER) group at CU Boulder helped revise the survey. We
presented the original questions and discussed them at length to finalize wording and motivations.
0Q3, the open-ended question about changing science that impacted a personal belief, was a point
of contention. Originally, we gave the participants examples that were more politically charged
which was removed to avoid prompting individuals to think about politics. We also entertained

a potential ethical element but that was removed because it was not in the scope of our study.
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Recommendations and revisions removed the need for ethical or political questions and as the
motivation was to compare how people reacted to changing science based on personal connection.

We also made small changes to the wording of several Likert-style items, such as Item 8.
The National Science Board framed science as the most important tool for discovering an absolute
truth and the PER group disliked the ultimatum. We also disliked the placement of science in
competition with other important beliefs about the world. We reworded it to measure the value
of science without competing interests. The PER group debated over Item 9 and the difference
between ‘wrong’ and ‘incorrect’. We settled on ‘incorrect’ as ‘wrong’ implied a moral judgment
while the connotation of ‘incorrect’ was academic in nature. We made an important change to the
conditional items which previously stated “science is trustworthy because it changes”. The shift to
“science is more trustworthy because it changes” avoided the feeling of an ultimatum and allowed
for participants to consider other factors.

The PER group focused on revisions for the structural details of the survey. We discussed
allowing participants to write comments, the addition of a back button, and the distribution plan.
A study proved that using comment boxes had the chance to increase engagement [19] and gave
participants the space to individualize their answers. We debated adding a back button as it allowed
participants more freedom to express themselves, but also allowed them to change their answers to
the open-ended questions as participants answered those first. In the end, we considered the initial
reaction from participants more valuable and removed the back button.

Demographics

At the end of the survey, we asked participants about several facets of their identity; gender,
race and ethnicity, religious beliefs, political parties, and educational experiences related to science.
These questions came last to avoid stereotype threat, which can impact how salient identity groups
respond. The only demographic question that did not have a ‘prefer not to say’ option asked about
the participant’s educational background.

Our motivations behind the demographic questions were two-fold: to discover ideas held

by different populations and to test relationships between social identifiers and their respective



12

understanding of the tentativeness and trustworthiness of science. Our research questions did not
explicitly identify gender and race as differentiating variables. However, we wanted to uncover
any potential patterns that different social identifiers embodied, hence asking for race and gender.
Our data is limited to a primarily Colorado collegiate location and was not fully representative so
demographic data allowed us to quantify limitations.

The second motivation explained our questions that request religious beliefs, political parties,
and educational background in science. We prioritized including educational backgrounds, as one
of our leading questions for this study was how education plays a role in understanding the tenta-
tiveness of science. We did not ask for a specific type of science education other than an inclusive
collegiate identity, so ‘science vs non-science’ was a self-identified demographic. As discussed in the
prior literature section, political parties play a large role in confidence surrounding science, and we
were curious if those patterns would emerge in our study. For religion, we were curious to see if the

responses would reflect the theory of religion and science being at odds with each other.

2.2 Context

This section outlines the distribution and response rates of the study.
Distribution

After we created the survey and acquired IRB approval, we started distributing the survey
to students via email solicitation. The study targeted people over the age of eighteen because stu-
dents younger than eighteen must have provided parental permission to engage in Human Subjects
Research. Another reason for excluding this population is the concern that they may not have ro-
bustly established ideas about the tentativeness and trustworthiness of science to reliably complete
the survey. Our main distribution strategy was emailing professors with an introduction and an
announcement to post on their class website. The whole email can be found in the Appendix B and
the following is the announcement seen by students.

Recent world events, including the COVID-19 pandemic have emphasized the im-
portance of understanding how people understand the nature of science and trust-
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worthiness of scientific claims. As part of an effort to better understand students’
ideas around this, researchers at CU have developed an anonymous survey to solicit
ideas. This survey will close mid Feb 2023 and students who complete the survey
will have the option to enter into a drawing for one of five 20 dollar electronic gift
cards. Due to the anonymity of the survey, instructors will not be informed about
participation.

The distribution of emails occurred during the Fall 2022 semester and the beginning of the
Spring 2023 semester and resulted in 1541 professors contacted. We emailed some professors twice,
during both the fall and spring semesters. During the fall semester, we sent custom emails on
a regular schedule to different sections of CU Boulder, such as undergrad natural science classes
or business classes. However, because we customized the emails to each professor, we contacted
fewer professors. We started by emailing science professors and, because of time consumption, did
not email an equivalent number of non-science professors. By the end of the semester, we had an
underwhelming number of non-science students in our data set. In order to explore the effect of
educational experiences, we needed to change the proportions of science and non-science students
in our data set.

Over winter break, we changed the distribution plan to improve the representation of non-
science majors. Instead of working through the classes at CU Boulder one at a time, which allowed
for the custom emails to professors, we emailed as many professors as possible in a mass email. The
only parameter was the class had to be on Boulder campus because we had access to reliable contact
information. We targeted both grad and undergrad classes and invited the professors to take the

survey. This new approach was successful in recruiting additional non-science respondents.

Response Breakdowns

When we closed the survey, we had 398 responses that were broken down into the various
demographic categories. An overwhelming majority of responses were in Colorado which might have

contributed to patterns seen in the demographic breakdown in Tables 2.1-2.5.
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Science | Non-Science
294 104

Table 2.1: Science and non-science population breakdown (SNS)

We asked the science vs non-science demographic question from in two different
ways, both ‘Are you working on a science degree’ and ‘Have you received a science degree’ as the
population of the survey is not limited to only students. We aggregated the results. The term

‘science degree’ was defined by the participants who took the survey.

Religious | Not religious
80 299

Table 2.2: Religious and non-religious population breakdown (R)

We used an open-ended question to ask participants about their religious beliefs which was
later coded by hand into one of these two categories. The population breakdown can be seen in

[Lable 2.2

White | People of Color
281 99

Table 2.3: Racial and ethnicity population breakdown (RE)

We posed the race and ethnicity question as a multiple select option with an other category.
Colorado’s population is historically white and with CU Boulder as the main population for this
survey, we did not receive a large number of responses from any individual racial category. To address
this, we aggregated all respondents of color together. We acknowledge that being a race or ethnicity
other than white is not a monolithic experience and the distinctions between the experiences of
different groups are real and valid. However, to ensure sufficient statistical power, we collapsed

these groups here; our results should be interpreted carefully with this limitation in mind. The

result of this aggregation can be seen in
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Man | Woman | Non-binary/gender non-conforming
181 187 16

Table 2.4: Gender identity population breakdown (G(All) and G(M/F))

This gender demographics question was single select with an ‘other’ or prefer not to answer
option. We ran into a similar issue with gender that we did with race. There was a small population
of non-binary or gender non-conforming responses (seen in [Table 2.4) which might lower the power

of statistical claims.

Independent | Democratic | Republican | Other
130 154 26 39

Table 2.5: Political party population breakdown (P(All), P(Def), & P(ID))

The breakdown of political parties in was intriguing and we asked the question as a
single select with an ‘other’ and ‘prefer not to answer’ option. When registered as an Independent,
people in Colorado are given the ability to vote in the primary election of their choice, which
potentially leads to the high number of citizens registering as an Independent. In the results
section, we used statistical tests to explore the relationship between Independents and Democrats
to understand the impacts of this phenomenon.

We would also like to mention the positionality of the main person working on the data
analysis as a limitation. They are a white, non-binary, Democrat who is approaching the data
as unbiased as possible but recognizes they do not have not lived the experiences of the different

populations in this survey.

2.3 Qualitative Rubrics

In the next three sections, we discussed the methods used to analyze data from our open-
ended questions and Likert-scale items. We used two different strategies as the data came from
open-ended and closed-ended questions. We developed rubrics for the qualitative questions and

prepared the quantitative data to ensure that our statistical claims could be powerful.
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Rubric Creation

When making the rubric, we could have used something known as an ‘expert rubric’. To
create an expert rubric, we would have consulted with experts in the field and recorded their
answers. These would have been considered the “best” and the other rubric categories contain
different misunderstandings. However, with the nature of our study, we opted out of an expert
rubric due to the dependence on value judgment. We wanted to avoid stating that anyone is morally
or intellectually better or worse because of their beliefs about the tentativeness so our rubrics did
not use expert grading.

As stated in the survey creation section, we took the first qualitative question (OQ1) from
the SUSSI instrument. OQ1 asked participants if they believed science changed and to provide
examples. The instrument provided not only the question itself but an accompanying rubric. We
did not change the question and the rubric underwent only one modification. We only changed the
titles of coding categories, as the original used phrases like naive and expert [17]. As mentioned
above, we avoided using expert-like rubrics, category name change reflected this decision. The
rubric’s categories are no change (NC: science does not change over time), change (C: science
changes with new technologies or new evidence), reinterpreted change (RC: science changes when
previous data is reinterpreted), and other (O: no response or can not be categorized).

Our motivation behind the second and third qualitative questions (OQ2 /OQ3) was exploring
how participants responded to science changing in different situations. OQ2 asked participants about
their reactions when science changed whereas OQ3 asked about changing science that personally
affected the participant. We kept the rubric the same to compare the data. An initial idea was
to analyze each question on two different scales, one measuring where the participant falls on their
acceptance of changing science and the other recording their initial skepticism towards the news.
However, we recognized that the question did not prime people to answer in a way that provided
enough information. This initial attempt is an example of a priori coding, in which we asked a
question with a specific grading scheme in mind. Another option for rubric creation is emergent

coding, a technique that requires familiarity with the responses before creating a code.
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Moving forward, we used a mix of a priori and emergent coding to create the rubric for OQ2
and OQ3. Keeping in mind the motivation to understand the responses of how people understood
the tentativeness of science in a non-academic setting, the first rubric coded responses as either
reject, question, or accept. As we coded the responses, a different pattern emerged. There were
responses that accepted the changes to science, “I would be surprised but generally inclined to
accept it” or questioned it, “I would view it with some skepticism” however, numerous responses
went further with their reasoning. Participants would repeatedly emphasize looking beyond the
first source. Whether it was investigating other scientists’ thoughts or the source of funding, the
pattern of ‘with sources’ had emerged.

The motivation behind OQ2 and OQ2 and the following modifications helped us complete
the rubric: reject (R: rejects the new science), question (Q: questions or is skeptical about the new
science), question with sources (QWS: questions or is skeptical about the new science AND mentions
different sources), accept (A: accepts the new science), accept with sources (AWS: accepts the new
science AND mentions different sources), and other (O: no response or can not be categorized). The
lack of rejection with sources was purposeful. While we coded the responses, not a single participant
indicated they would reject the changing science even after looking at other sources. We also defined
what qualifies as ‘with sources’. The response needs to mention investigating other sources to either
learn more, which would qualify as a QWS, or further convince them which is AWS. This does not
include the participant saying they would read the initial source. A tricky aspect of the rubric is
the difference between QWS and AWS. A couple of data points seem to fit in either category and
we made the final decision that, to qualify as an AWS response, it has to refer to acceptance or
some derivation of acceptance.

We encountered an interesting complexity when coding OQ3. As a reminder, OQ3 differed
from OQ2 by making the changing science related to a personal belief. We prompted participants
to think of a scientific belief with examples like eating meat or the existence of aliens and the
statement ‘is scientifically incorrect’. So participants commented on their reactions to both their

personal beliefs and science changing. It became clear there were two aspects we could capture -
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the belief, the science itself, or both. For example, a participant answered, “Depending on what was
stated, I would believe it but possibly ignore it.” In the end, we created this question to measure
how people reacted to science changing when it personally affected them, so we noted the belief
aspect of responses but did not factor it into the coding. As for participants who responded to how
the changing science would influence their belief but did not mention their reaction to the science
itself, we coded those as acceptance. If an individual mentioned how their belief would shift, we
assume they did so with an acceptance that the science is correct. Approximately 35% of the data
points that we coded as acceptance were based on this assumption. An example follows: “I would
trust them, but depending on the information may continue to live my life unchanged. Like the
example that eating meat is bad for the planet, I am still going to eat meat.”

The last rubric created for OQ4 used emergent coding. We created OQ4 as a response to
one of the main questions that defined the study: what role does education play in the relationship
between the tentativeness and trustworthiness of science? Unlike the previous questions, which were
taken from a previous survey or created with a rubric in mind, OQ4’s creation did not come with
a rubric. So the categories - no change (NC: education had no impact on their understanding of
changing science), unspecified change (UC: education had an impact but the impact is unclear),
tools (T: education provided tools for understanding science), static science (S: education taught
them science does not change), changing science (C: education taught them science changes), and
both (B: education taught them science does and does not change) - emerged while we read through
the responses.

The NC category came from people who answered along the lines of “Not at all, I've had
a relatively constant understanding of how I should think about things and come to my beliefs”.
Their educational experience did not impact their beliefs. Other responses also did not address the
impact their education experience had on their beliefs about changing science but differed from NC.
That led to the unspecified change and tools category. The UC category existed for responses that
indicated education affected their view of science, but either lacked detail or did not address the

nature of science prompt. We noticed a need for a new category after a pattern emerged from the UC
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group. While some people remained unspecific, there were several responses that mentioned that
their educational influences gave them tools to understand science. Examples include an increase in
critical thinking, investigating funding and sources, and understanding manipulated data. So while
the tools category does not address the prompt, it is a point of interest. The static science category
exists for people who stated their educational experience taught them science does not change, the
changing science category opposes that, and the both category is for people who expressed both
concepts in their answers. All of the rubrics along with prime examples can be found in Appendix
C.

Each rubric went through an interrater reliability test (IRR). The IRR test took multiple
reviewers ratings for the same question and tested the consistency through percent agreement. There
were two reviewers and while the percent agreement test lacked in its ability to calculate chance or
acknowledge the intensity of the agreement, it worked for what we needed. The higher the percent
agreement, the higher the consistency between the two raters and the potential reliability of the
rubric. The results follow in[Table 2.6/and OQ1 had the highest internal consistency. Since OQ1 was
taken from a previous instrument that had been tested for reliability, the high percent agreement did
not shock us. OQ2 and OQ3 were the lowest of the four with a large discrepancy between question,
question with sources, and accept. As a reminder, OQ2 and OQ3 asked for participants reaction to
changing science. For both OQ2 and OQ3, the reviewer coded more responses into question than

question with sources and fewer responses overall into accept.

IRR | % Agreement
0Q1 90%
002 5%
0Q3 2%
0Q4 85%

Table 2.6: IRR Percent Agreement
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24 Data Types

There are two types of data that results from a Likert-scale item offered - ordinal or interval.
These are two of four data types, the other two are ratio and categorical. Open-ended questions
generate categorical data as it defines data that is typically qualitative and sorted into arbitrary
categories. Ratio data are not considered in this thesis. For data to be considered ratio it must
be numerical, continuous, and have a true zero. The magnitude of ratio data can be compared
and fractions concerning variables are possible. Likert-scale data points are not continuous nor
do they have a true zero. Categorical and ratio data define two extremes of data definitions from
least restrictive to greatly restrictive. Ordinal and interval have their places along this scale but
arguments can be made Likert-scale results as either.

Ordinal data is closer to categorical data. The categories are still discrete but are now placed
in a definite order which makes it suitable for a Likert-scale. While the data is not numerical, there
is an order from strongly disagree to strongly agree. It would make sense to argue that a person
who selected “strongly agree” could have also selected agree. Interval takes these ordered categories
and assumes an equal spacing between the options. Treating likert-scale data as interval is quite
a big assumption but also allows statistical tests to be run like average and variance. However, it
is unlikely that a person taking the survey would have equal spacing between strongly disagree to
disagree and disagree to neutral. The assumption that a person does value that spacing equally was
never prevalent in our data so the Likert data was treated as ordinal.

The next question around that data analysis was to treat the data set as a five point scale or
collapse it down into a three point scale. Allowing participants to choose between strongly agree
or agree decreases the default selection of “neutral”. However, for the purpose of this study, the
difference between strongly agree and agree don’t fundamentally shift the claims we might make.
Collapsing down to a trichotomous scale has also been shown to have a negligible impact on the
reliability or validity of the data [23]. There is also a tendency for the likert-scale to overestimate

extreme measurements, the strongly agree and strongly disagree options [I]. So this limitation is
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removed when the data are collapsed because the extreme measurements are combined with the
less extreme. The motivation to collapse down to a three point scale is to have more power in any

claims we make from the data and will be explored further in the results section.

2.5 Quantitative Methods

The majority of the data analysis for this study fell into the realm of statistical hypothesis
testing. Statistical hypothesis testing is a type of analysis that decides whether the data supports
a chosen hypothesis or rejects it. This strategy is ideal for determining if there is a relationship
between two variables and in this case, the variables refer to specific populations’ responses. The
ability and power of the hypothesis depends on the type of test being used which will be explored
later in this section. We also used descriptive statistics, which do not make specific statistical claims
about the data but help to describe trends and patterns in the dataset. This was valuable as we
explored the relationship between education and the tentativeness and trustworthiness of science.

The first step we took was deciding between interval or ordinal data to narrow down the
potential statistical hypothesis tests. Interval data required a collapsed likert scale and used t-tests
or ANOVAs. However, as mentioned in the data types section, we could not prove equal spacing
between agree, neutral, and disagree. So interval data tests were short lived and our attention turned
back to ordinal data tests.

With all the data about social identities that we gathered, there were a lot of combinations to
test. Educational background, race and ethnicity, and religion were all dichotomous yes/no variables
which made it easier to determine if there were correlations between participants’ responses and
various aspects of their self-reported identity. Gender identity and political ideology were a bit more
complicated. As mentioned in the context section, we had a fair amount of responses from male and
female identifying people but statistically fewer non-binary/gender non-conforming people. The
statistical power of tests is highest when the variables have equal sample sizes so the tests were
run with just male as well as female identities and all identities so we could see if the size plays a

significant role. For political parities, we ran tests only with Independents and Democrats as they
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were the largest categories and tests concerning Independents, Democrats, and Republicans (which
excluded participants who identified with an “other” party), and a test with all parties.

Before moving on to the conducted tests, there are some vocabulary terms that should be
addressed. The null hypothesis always predicts that there is no relationship between two variables.
It can either be accepted or rejected depending on the alpha value. An alpha value is the threshold
for statistical significance, commonly 0.05. This translates to the p-value which is the probability
that the two variables don’t have a relationship. If the calculated p-value is under 0.05, that means
there is a only 5% chance that the null hypothesis is correct and the combination is determined to
be statistically significant.

With the knowledge that we were working with ordinal data, questions to explore with our
variables, and the vocabulary to support us, the next step was finding the proper test. The default

test to use in correlation testing is the chi-square test of independence.

=Y (obs — eap)? @.1)

exp

Our chi-squared test needed a data set that represented the population, ordinal data points
that were not continuous, and at least five points of data in each combination. This last proved
difficult but we continued working with the chi-square test for a rough idea of what claims could be
made. The chi-square test worked by calculating expected values from the observed measurements
and comparing them to a value from a chi-squared distribution. We determined the distribution
from our chosen alpha value and the degrees of freedom from both variables. If the sum of the
expected calculations were higher than the distribution value, we rejected the null hypothesis.

As mentioned above, one of the chi-square test requirements is for each combination of vari-
ables to have n = 5. Only a couple of our data sets fulfilled this requirement so we needed another
test. Fisher’s exact is a statistical hypothesis test that has the power to reject the null hypothesis
but is set up so even small sample sizes are valid. Even with combinations where n is less than five,

the p-value is statistically powerful. While chi-squared calculations of expected values and the test
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value was relatively simple, Fisher’s exact uses binomial coefficients and factorial operators and the
2x2 version of it can be seen below.
_ () _ () () _ (@b (etd)! (at o)l (b+d)

N - = 2.2
: (ae) (b¥a) albleld!n! (2.2)

The a, b, ¢, d,n refer to variables that seen in the table below.

w X C=W+ X
y z d=y+z
a=w+y|b=x+z|n=a+b+c+d

Most of our data requires tables bigger than 2x2 which makes the p-values no longer doable by
hand. These multivariate generalized calculations become unwieldy but possible with the statistical
software package R.

After calculating the p-values for 128 statistical tests, we addressed the errors that arose with
multiple comparisons. The more null hypotheses that we tested, the higher the probability that we
calculated false positives. The Holm-Bonferroni test corrects for this by adjusting the criteria for
individual hypotheses by calculating a new p-value for each hypothesis that takes into account the

number of tests overall.

a

_ 2.
m+1—k (2:3)

Pr <

The m refers to the amount of p-values being calculated and the k refers to it’s position in a
sorted order. The « is the 0.05 value that was discussed above. At first, we calculated the Holm-
Bonferroni with every test to find the most significant p-value in the entire data set. However, using
the test on every item at once was too limiting so we went item by item to find the true statistically
significant relationships.

The only question remaining after Fisher’s exact tests and Holm-Bonferroni corrections was
what the tests are claiming. Was there a chance that the statistical hypothesis tests were looking
at differences between strongly agree and agree? How much did we value that difference? In the

end, we argued that we wanted to know if a population has statistically significant relationships
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between people who fall in either of the agree categories, neutral, and people who fall in either of
the disagree categories. This was done by collapsing the data to a three point scale instead of a five
point scale. We also removed any potential to over or under-estimate the intensity of a participant’s
response because we no longer consider strength. As covered in the data type section, collapsing
the likert-style data has quite a few advantages when making statistical claims and we explored the

effects of collapsing the data in the next chapter.



Chapter 3

Results

This chapter of the thesis stated the results and interpretations of the statistical claims. We
started by arguing for a collapsed data set as it proves more statistically powerful and cleaned up our
data. After presenting the overall likert responses, we made claims from the statistical hypothesis
tests and found trends in the Likert-style data which we then interpreted. We displayed the results
from the open-ended questions along with intriguing patterns, engaging examples, and descriptive

statistics that connect the questions.

3.1 Collasped Data

This section explored the differences between the statistical data when the data is not collapsed
and collapsed . The collapsed Likert data combines the strongly agree/agree
and strongly disagree/disagree into two respective categories. This granted the statistical tests the
power to ignore differences between intensity and provided a larger N to most variable combinations,
increasing the power. The change proved statistically significant.

The items that start with I in the tables correspond to the Likert-style items while OQ
represent the open-ended questions. The labels on the right correspond to the population group
breakdown which can be found in the methods section. For brevity, we’ve included the meanings
here: SNS: science background, R: religion, RE: race & ethnicity, G(M/F): gender breakdown only
included men and women, G(All): gender breakdown with all identities, P(ID): political parties with

only independents & democrats, P(Def): defined political parties (i.e. independents, democrats, &



republicans), P(All): all political parties.
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Table Color Scheme

Tenaliler:Ve1ART i oTold (M) IR AR Il Insignificant — significant ‘ Significant — Insignificant

p-values: 5 point scale
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Table 3.1: Uncollasped p-values for Comparison
p-values: 3 point scale
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Table 3.2: Collasped p-values (Black Highlights w/ White Text are Statistically Significant)

As seen above, some of the relationships between variables that were statistically significant

changed when we collapsed the data. Some combinations went from being statistically significant

to insignificant (dark gray) and some combinations experienced the reverse (light gray). There are

only three p-values that stayed significantly significant during the collapse (I6:P(ID), OQ4: P(Def)

& P(All)) which we shaded with black.

Given that these p-values were already corrected to address multiple statistical tests (Holm-

bonferroni), we did not believe this change was driven by random statistical fluctuations. Instead,
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p-values that went from significant to insignificant could be influenced by differences between indi-
viduals selecting agree or strongly agree, a distinction that is lost in the 3pt scale. I11: G(M/F) is an
example of this trend, where a quick chi-squared test results in a p-value = 3 % 107% (Chi-Squared)
for the difference between men and women selecting agree vs. strongly agree. This might reflect a
difference between men and women in the intensity of their beliefs, or it could reflect a difference in
men and women’s threshold for what strongly agree means. When we adopted the 3pt data scale,
we removed the confounding variable of intensity. Another example of intensity; the p-value for
I7:P(ID) goes from statistically significant at p = 0.003 (Fisher’s Exact, HBF) to not significant
at p = 0.3 (Fisher’s Exact, HBF). We ran tests for significant differences in intensity and both
the difference between strongly agree and agree and the difference between strongly disagree and
disagree were significant.

There were also relationships that became statistically significant when the data was collapsed
that were not significant on the 5pt scale. Collapsing the data gives the Fisher’s Exact test more
statistical power because of the larger N in each individual bin. The test used the extra power to
parse out differences in the data that were previously hidden. For the reasons above, we used a 3pt

scale for the rest of the results and interpretations.

3.2 Likert Results

This section discussed the results from all the Likert-style items. We introduced some overall
trends and limitations of the data before stating claims. These claims were backed up by statistically
significant p-values, information we found in the literature review section, and quotes from students.
We then explored the trends related to the claims and proposed potential interpretations.

As seen in eight items had over 80% of our participants agree with the statements.
This limited our statistical analysis because the N in different variable combinations is lower. It
also indicated that, for the overall population, the statement was not controversial and therefore,
the item does not act as a predictor. Due to this pattern, items nearer to the top of

had less statistically significant p-values, the only expectation was 14 which we discussed later in
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Figure 3.1: Collapsed Likert Response Rates

this section. Questions at the bottom of were more likely to be statistically significant in
certain populations, especially political parties. I12 is an outlier as this was our second conditional
question and only 10 people answered it. So it appeared statistically valuable, but it held less power
than any other question.

Educational Background

In this section, we discussed the findings related to one of our leading questions: how does
personal educational experience impact the ability to reconcile the tentativeness and trustworthi-
ness of science? In the split between students who identified as having or pursuing a degree in
science relative to those who did not, we saw no statistically significant differences on any of our
questions. This suggests that, for our population, engagement with formal education in science is
not a significant predictor of students’ ideas about the tentativeness and trustworthiness of science.

We explored a couple of ideas as to why we did not detect any correlations. Our main idea
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was that the concept of changing science was not covered differently in science versus non-science
classes for this population. Or, the differentiator between science and non-science was based on the
participants’ self-identified college experience. Perhaps the K-12 NGSS standards related to the
nature of science were influential and uniform, and college education did not change their beliefs.
For example, the NGSS argues that students should be taught the scientific method and learn
that science is an iterative process. OQ4, the open-ended question which asked about educational
experience, did not specify a time frame and there were no emerging patterns surrounding K-12
versus college education. was from OQ4 and it depicted the difference between the
observed and expected frequencies from people who we coded into the changing science category.
There is not a large difference between the two frequencies which implies a lack of correlation
between educational influences and beliefs about the tentativeness of science. This lent credence to
the idea that college classes did not treat the topic of scientific changes differently so individuals’

attitudes towards science were not affected by their classes.
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Figure 3.2: Frequencies of Changing Science Selection from OQ4

Or, as 21 people stated in OQ4, educational influences did not happen in the formal classroom.

There were a variety of individuals who mentioned family or outside lab work. We added quotes
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that represent the family and lab work:

° “My educational experience hasn’t impacted it as much as my mom has. She is
a scientist and has worked at NASA so I hear a lot of stories from her and my
beliefs in science and the changing nature of science stem from her.”

° “My formal educational experience hasn’t, to the degree that my clinical work
experience has. Clinical trials often inform clinical practice, and practice norms
are frequently re-examined.”

Political Parties

After we recognized the lack of educational experience as a predictive factor, we took a holistic
approach focused on overarching patterns while we analyzed the p-values. With this mindset, we
noticed the main social identifier that resulted in statistically significant differences on multiple
questions was related to political parties. The questions 13, 16, 110, and OQ4 all have p-values less
than 0.05 which made them statistically significant.

I3, (p(P(Def)) = 0.048 Fisher’s Exact/HBF) focused on the idea of science changing due
to reinterpretation of existing evidence. The specific political party breakdown involved in this
difference is P(Def) which includes Independents, Democrats, and Republicans. The normalized
data reveals a similar breakdown between Independents and Democrats. Republicans, while they
still reported agree more than any other answer, tended to report feelings of neutrality more than

the other parties.

I3 I D R
Disagree | 5% | 3% | 0%
Neutral | 5% | 3% | 23%
Agree | 91% | 94% | 7%

Table 3.3: Percentage of Normalized Frequencies of P(Def) for I3

The visible trend we found from was more Republicans reporting feeling neutral
about the tentative nature of science implies that once scientific results are published, since Repub-
licans might be less inclined to accept reinterpretations of this data. An interpretation from this

potential skepticism related to distrusting science. If someone saw initial experimental data, they
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might not be interested in finding different interpretations or accepting other ideas. So when other
results based on reinterpretation of this data were published, some Republicans might have found
it harder to accept than other parties. This could lead to a feeling of distrust in the new results.
The next statistically significant question, 16 (p(P(Def)) = 0.03 Fisher’s Exact/HBF) asked
for a level of agreement to the statement “science is reliable and trustworthy” and there was a
statistically significant difference across our three defined classifications of political parties. It is
important to note that the PID test, which only tested the Independent and Democratic populations,
was also statistically significant (p(P(ID)) = 0.01, Fisher’s Exact/HBF'), which suggested that this
detection was not just a difference between the two dominant political parties. This seemed to align
with the University of Chicago study from the literature review that reported an increasing gap

between Democrats and Republicans relating to their confidence in science.

16 I D R
Disagree | 3% | 1% | 4%
Neutral | 12% | 2% | 8%
Agree | 85% | 97% | 88%

Table 3.4: Normalized Percentages of P(Def) for 16

The University of Chicago study spoke to the trend that Republicans had less confidence
in science and that trend is continued in this study, but with a caveat. All parties including
Independents had a majority in agreement with the 16 statement. However, our trend did not show
as much of a difference between Independents and Republicans, and Independents are the party
with the lowest percentage of agreement.

As for the interpretation, we noticed in[Table 3.4 that Democrats are more likely to agree that
science is trustworthy. Another study from the PEW research center found that more Democrats
than Republicans trust the scientific method to return accurate results [12] and, acknowledging that
the scientific method is iterative, our results aligned with their findings.

19 explored the relationship between education enforcing the concept of change as failure and

these results suggested that the individual’s political party can be used to predict their answer.
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However, the claim was only significant when we compared Independents and Democrats (p(P(ID))

= 0.04, Fisher’s Exact/HBF).
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Figure 3.3: Normalized Responses to 19 Broken Down by P(ID)

When we looked at we noticed that Democrats were more likely to disagree with
the idea that education enforcing change is a sign of failure. There were a few participants who
commented on this question and here are some quotes from both Independents and Democrats that
expand on a potential trend:

. I/Neutral: “I think that some education frames incorrectness as failure, but good
education does not”

° I/Neutral: “How our grading system in the American education system is being
ran right now, being incorrect in a lot of students eyes is failure, because we see
our grades dropping even if we put in the work and hours of studying.”

° D/Disagree: “Good education stresses learning from mistakes and failures. Bad
education (which is mostly the case!) is punitive.”

From these quotes and others, a possible interpretation was as follows. Democrats who accept

the possibility of growing from mistakes and acknowledge that some schools did not allow for this



33

mindset were more likely to disagree while Independents expressing the same idea selected neutral.
However, not enough participants used the text box option and mentioned ‘good’ or ‘bad’ education
for this trend to be considered strong. We still reported these quotes and considered looking into
‘good’ vs ‘bad’ education for future work.

110 was the final likert-style question that is significant (p(P(Def)) = 0.04, Fisher’s Ex-
act/HBF). It posited that incorrect science provides credibility to personal ideas and the main
difference found was between Republicans and Democrats/Independents. It was clear from
[ure 3.4 that Republicans were less likely to disagree with this statement compared to both Democrats

or Independents. Democrats, on the other hand, were more likely to disagree than the other two
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Figure 3.4: Normalized Responses to 110 Broken Down by P(Def)

This item was one of our only items set up to discover potential consequences of not under-
standing the tentativeness of science or individuals who distrust science. As we saw in Figure 3.4,
Republicans were less likely to disagree with the consequence of additional credibility to personal

ideas. Potentially, Republicans might be more willing to make claims that are not based on science
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if they have experienced incorrect science.

Other Significant Predictors

There were a couple other items that were statistically significant with differing social identi-
ties. A person’s race and ethnicity was related to their belief that scientific theories are subject to

ongoing revision (p(RE) = 0.001, Fisher’s Exact/HBF).

I4 White | People of Color
Disagree | 1% 5%
Neutral 0% 3%
Agree 99% 92%

Table 3.5: Normalized Percentages of RE for 14

From the percentages seen in [Table 3.5 people of color are less likely to agree that scientific
theories are undergoing consistent revision though they still overwhelmingly agreed. One possible
interpretation of this trend acknowledges the history that people of color had with science such as
eugenics and previous scientific atrocities (e.g. the Tuskegee syphilis study). Aspects of science were
rooted in racial inequities that resulted in myths such as black people have a higher pain tolerance.
It was possible that the people of color that disagreed with this statement reflected on this history
and their personal experiences which indicated a lack of ongoing revision. However, this is only one
of many possible interpretations that we are not well positioned to make based only on quantitative
data.

The social factor of gender showed up as significant in 19 and 110 which were also discussed
above alongside political identity (pI9 = 0.04 Fisher’s Exact/HBF & pI10 = 0.04 Fisher’s Ex-
act/HBF). 19 asked about education enforced change as a sign of failure while 110 asked if incorrect
science provides credibility to personal ideas. Something important to take note of is the pop-
ulation which includes all gender identities. Omnly 16 people identified as non-binary or gender
non-confirming so it was possible that these results are from disproportionate N values.

From [Figure 3.5 we saw that non-binary and gender non-conforming people are less likely to

disagree with statements from both 19 and 110 and are more likely to be neutral. They agreed at
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Figure 3.5: Normalized Responses from 19 & 110 with Gender (All) Breakdown

the same rate as men and women in 19 but are least likely to agree in I110. However, due to the
small N and multiple conflicting factors and definitions that fell under the non-binary and gender
non-confirming label, these results do not support robust interpretation.
Conditional

We broke down the setup for I11 and 12 which helped with the analysis. Both items assumed
that someone who chose agree or strongly agree trust science and their trust was aided either by
science remaining static or science changing. displayed the breakdown by response to
these questions. It is important to note that, since 111 and I12 were conditional items, they were
only shown to participants who answered in certain ways on I1. Due to this, I11 was answered by
376 individuals while I12 only had 10 responses (one person misclicked and their data was removed).
The other 11 individuals did not see either question because they selected neither agree or disagree
for I1. So any claims that were made are not as powerful as the previous ones because of the small
N value for 112.

We noticed that a majority of people who answered 111 agreed to the concept that the changing

nature of science made it more trustworthy. Similar to the other likert-style items, these items had
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a text box to elaborate on anything else. We selected quotes that explored more about why people

agreed or disagreed.

. Disagree: “Science has limitations and is never completely trustworthy. In this
sense, because it changes, it shows a history of fallibility and error.”

° Agree: “Science is able to adapt to new technology and perspectives, which makes
science more inclusive to applications in the real world. Because science changes,
it can become more accurate for our world.”

. Agree: “I would trust someone who is willing to admit they were wrong than
someone willing to die before they admit fault in their work. I view science the
same way.”

The first quote used the tentativeness of science to prove that science is fallible and therefore,
not reliable while the other two quotes acknowledge that changing science either allows it to adapt
to the modern world or is more honest. We believe that with the majority of people agreeing, it was
acceptable that the changing nature of science made it more trustworthy to CU Boulder students.

As for 112, there was more of an even spread and no one left comments in the text box to

0% —
Disagree Neutral Agree

mlll mI12

Figure 3.6: Breakdown of Conditional Item Responses
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further explain themselves. Due to the small sample size represented by 112, we will not make any

interpretations about this data.

3.3 Qualitative Results

In this section, we uncovered results and patterns from the four open-ended questions. We
used rubrics and coding in order to use statistical testing to find statistically significant relationships.
Open-ended questions lent themselves to descriptive statistics and quotes so we use those to discover
trends and support interpretation.

Open-Ended Question 1

m Other
No Change
z Change

m Reinterpreted

Figure 3.7: Response Breakdown OQ1

As seen in the most popular response across all populations was “scientific theories
may be changed when experimental techniques improve, or new evidence is produced.” We also asked
participants to provide examples of science changing or not changing and 91 participants did. We
found the most popular examples were the switch from geocentrism to heliocentrism (n=22), the
concept of gravity (n=12), the theory of evolution (n=10), the structure of the atom (n=9), climate
change (n=9), the concept of relativity (n=9), and the flat earth theory (n=9). COVID was used as
an example but rarely (n=5). As a reminder, the email announcement sent to professors for their

classes prompted COVID as a motivator.
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Most of these examples correlated to a belief in changing science except for two: evolution
and gravity. For evolution, two people who used it as an example were coded into the no change
category, here are their responses.

° “I think scientific theories don’t change because to become a theory it has to

undergo many experiments or observations and have to be proven more than

once to become a theory. An example would be evolution, that theory had many
many trials before becoming a theory.”

° “I think scientific theories do not change because, in order to be classified as a
scientific theory, they go through a long process of research and studying. Once
formed, attempts to find evidence to prove or disprove the theory often only add
to its credibility. For example, the theory of evolution already had a significant
amount of evidence to back it up when Darwin published it. Since then, many
have tried to disprove it, but so far, we have only gained support for the theory.”

Both of these responses fell under the same belief that, to be considered a theory, there must

be a lot of evidence and testing before something is considered a theory. A similar pattern can be
seen for gravity. Three non-science responses were coded as no change and used gravity as proof.
They followed a similar train of thought as the two evolution examples above, if the theory hasn’t
been disproven so far, it will not change. We believe this is impacted by the textbook definition
of a theory. An article from “The Science Teacher” explores the treatment of theory in textbooks
and finds that, even in a textbook that includes a section about changing theories, it confuses
observations, inferences, and theories together. It also presents scientific information as if it was a
permanent truth [16].

The last interesting pattern that emerged is the prevalence of a flat earth theory. The following

quote is a prime example of where it shows up:

“They change based on new present information discovered. WHat was known as
a fact a hundred years ago may not hold true with the advancements made today.
Such as how it was common belief that the earth was flat, but then as time and
technology advanced many came to question and refute this theory.”

Every participant who used flat earth as a theory was coding in the change category and stated

that it was a historical theory disproved by other ideas and there was no uniform social identity
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group they fit into.
Here are some quotes that revealed another trend; an idea that science doesn’t change at a

base level. This showed up in both this question and OQ4, which asked about educational influences.

. “Theories never change the base ideas but instead mold to the available data. As
new data is collected theories develop, but without new data, theories stagnate.”
- 0Q1

. “Over all it has shown me that science is unique in how most of the fields pertain

to facts that are ever changing as new research is conducted then there are other
fields that stay pretty stagnant with new breakthroughs but the core knowledge
of the field is still the same” - OQ4

The OQ4 individual did address the difference in scientific fields but still held that belief that some
science has a ‘core knowledge’. We entertained this as a reason why people don’t react well to science
changing as their definition of ‘base science’ might include the changing aspect. For example, the
science of physics was thought to be completed and then scientists discovered quantum mechanics
which shifted our understanding of the whole field.

Open-Ended Question 2 & 3

As stated in the survey design section in methods, we created OQ2 and OQ3 for comparison.
The response breakdown is shown in and we had quite a few interpretations. We started
with a quick evaluation of each item separately.

0Q2 focused on science changing in a way that does not interfere with the participant’s life.
The breakdown is illustrated in with questioning with sources as the favorite choice and
questioning and accepting without sources not far behind. Participants voiced several opinions that
are not illustrated by the categories, including conflicting ideas about the age of theories relating
to their stability and participants questioning what it means to be incorrect.

. “T would ask them why they think that, and to what degree they think it is

incorrect. (I believe general relativity is incorrect, and that it’s only accurate to
about 16 decimal places.)”

° “I would be intrigued, but not necessarily surprised. 100 years ago, scientific
theories were completely different, so it’s no surprise that ours would evolve too.”
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Figure 3.8: Comparison of Response Breakdown of OQ2 & 0OQ3

The third question portrayed how people react to changing science but there were several
comments about how their beliefs would change. On average, people either accepted the science

and made no changes to their beliefs or were slower to change their belief than accept the science.

. “Is it based on facts or opinions? If facts, I would probably still ignore them (like,
if it was about eating meat being bad).”

. “I guess it depends on the belief since I try to be open minded, but I'm guessing
I will express some internalized resistance to the idea.”

However, changing beliefs was not the main focus of our study so any interesting responses pertaining
to beliefs were noted but not considered important.

An interesting pattern that emerged was the presence of people who said they would not only
reject the science, but their trust in the source would be damaged: “I would maybe not like the
source as much anymore”. This showed up in 9 responses, all rejecting the science. It appears that,
for some people, the more personal the changed science, the more it harms trust in not only the

science, but also the source reporting it. However, N was too small to extrapolate any robost claims
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or trends.

With the individual questions reported on, our focus shifted to the comparison. The main
difference between OQ2 and OQ3 was the prevalence of the ‘reject’ response. OQ2 had 16 people
who rejected the changing science for a variety of reasons. Some refused to read the paper or and
some referred to a numbers game as an explanation. OQ3, on the other hand, had 51 people reject
the change. When people are asked to consider their personal beliefs alongside the changing nature
of science, over three times more people will reject the science.

In total, 140 answers did not shift over the course of the two questions but only six people
rejected OQ2 and OQ3. The most frequent answer in this population was QWS. broke
down the responses on OQ3 from the population who rejected OQ2. While QWS was a popular

response, it was most likely that someone who rejected OQ2 rejected OQ3 as well.
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Figure 3.9: Breakdown of OQ3 Responses from OQ2 Reject Population

Open-Ended Question 4

The fourth open question was the only open question that had statistically significant p-
values along our demographic slices. OQ4 asked participants to comment on how their educational

experience impacts their understanding of the tentativeness of science and the breakdown is seen
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in Each participant was only coded once so the values are exclusive as there were
only 3 respondents who could have been coded in either tools or changing science but each of
them referenced the changing nature of science more. For example, “My education has given me
the knowledge and understanding to take part in and understand these changing natures. Before

entering academia, I would not be able to think critically about these things on my own.” This person

spoke to critical thinking but seemed to use it as a stepping stone to explain their understanding

of changing science.

4% 4% = Other

Tools

m No Change

m Unspecified
Change

Static science

# Changing science

Figure 3.10: Breakdown of OQ4

The most popular result was that participants’ educational background led them to believe
that science changes but it was not nearly as uniform as OQl. We were also interested in the
intersection between OQ1 and OQ4 as the fourth open-ended question is the only question that

addresses the educational background of participants but they asked similar questions.

broke down the responses to OQ4 from different populations of OQ1.
Out of the 325 responses that we coded as change in OQ1, around half of them stated that
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Figure 3.11: Breakdown of OQ4 Responses from Different OQ1 Populations

education played a role in their understanding of the changing nature of science. However, of the 42
responses that we coded as no change in OQ1, a third of them indicated that their education taught
them about the tentativeness of science, which made it the most popular answer. We hypothesized
that this inconsistency could be due to what is taught in classes or simply because people were
inconsistent.

The prevalence of the heliocentric answer helped us understand the inconsistency. If individu-
als were reflecting on the tentativeness of science they might have been taught that science changed
in the past such as the shift from geocentrism to heliocentrism or the discovery of atomic structure.
However, they reflected on their life and did not notice any scientific changes.

0OQ4 was the last question where political parties were a significant predictor for how people
responded. Unlike the Likert-style items in the previous section, both p(Def) and p(All) were impor-
tant. That means there were relationships between political parties and beliefs about educational
impact (p(P(Def)) = 0.02 (Fisher’s Exact/HBF) & p(P(All)) = 0.03 (Fisher’s Exact/HBF)). 0Q4’s
emergent categories focused on science as a changing or static concept and the tools they learned
to better understand science.

Some trends seen in[Figure 3.12| were that no Republicans indicated that education gave them
tools for understanding science and Democrats were not as likely as other parties to report a lack

of educational impact. To understand the trend surrounding the lack of Republicans mentioning
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tools, we compiled a list of different tools people mentioned:

10%

0%

“Yes, I think that the more educated you become the better you are at critical
thinking and to not believe in everything you see online, but to rather look for
evidence to support your ideas.” - Other (Socialist)

“My experience with analyzing data has taught me to investigate holistically and
look at all other related factors like sample sizes.” - Democrat

“I understand that scientific studies and numbers can be skewed or messed with
to create misleading conclusions.” - Democrat

“I have more experience with reading scientific papers and interpreting them, as

well as interpreting media headlines and articles (credible knowledge).” - Demo-
crat
I II IIIIII-‘||.II
Other Tools No Change  Unspecified Static Science Changing Both
Change Science
m Independent Democrats @ Republican Other @ Expected

Figure 3.12: OQ4 Response Breakdown by P(All)

While there were tools that mention critical thinking or analyzing data, the most popular tool

mentioned was the ability to discern reliable knowledge from false information. A potential reason

behind this popular answer might be individuals feeling prompted by the previous open-ended

questions which focused on new science being reported from a source.



45

3.4 Discussion

To summarize the political trends seen above, Republicans were more likely to feel neutral
about the reinterpretation of science, Democrats were more likely to trust science, and Republicans
were less likely to disagree that incorrect science provides credibility to personal ideas. Before the
interpretations are discussed, we drew attention to a trend involving Independents.

In the I3 trends, Independents aligned themselves with Democrats while in for
16, Independents appeared in sync with Republicans. In 110, Independents don’t perfectly match
with either party. Research from PEW indicates that, of the 38% of US adults that identify as
Independent, 17% lean Democratic and 13% lean Republican [2] which was a mostly equal split.
This trend and later data supports the PEW’s findings as Independents are not always aligned with
one party.

Another theme of the Independents’ data not aligned with only one party was in OQ4. When
we looked at OQ4’s the black bar represented the expected value and, for almost every
category, the expected value was relatively close to the Independent value. The expected value is
not an average, we would need to use interval data to calculate averages and this data was ordinal.
But, the expected value represents what the value would be if the variable of interest (in this case
political party) had no influence. When the expected values and observed values were similar, like
in there was no relationship between variables. So our potential interpretation was that
people who are aligned with Democrats or Republicans were more swayed by their parties beliefs
whereas Independents and people who chose other were not.

Another aspect of our findings is their agreement with previous studies. Both the Indepen-
dents being truly Independent and Democrats reporting feelings of agreement more than other
parties support different studies [2] [I4]. While there might be other studies that explain the trends
we saw in our survey, this agreement was compelling in supporting the validity of this study. We
did not run any validity tests on this survey but since we saw results that other validated surveys

found it lends strength that individuals were answering the way we expected them to.
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Our main takeaway from these results which considered our leading questions was the lack
of predictive power that educational experiences held. Our study focused on formal, public, and
collegiate experience and found that educational backgrounds are not a statistically significant
predictor of individuals’ ability to reconcile the tentativeness and trustworthiness of science. This
came as a shock. Moving forward, we need to be considerate of the emphasis placed on our current
educational system as a single solution. While improving education might not change how people
think about the tentativeness and trustworthiness of science, we still encourage advancing formal
education. Maybe acknowledging the power polarized politics play in everyday life and creating
resources to address that issue is a possible way forward. Or improving informal science education

such as labs or field work will build higher levels of trust in science.



Chapter 4

Conclusion

4.1 Limitations

This section covered the limitations of our study. Our main limitations were positionality of
the main researcher, the location of the main population, and the limits of surveying and statistics.
Some of these limitations can be addressed in future and which we discussed in a later section.
Other limitations were mentioned in the demographics section in the methods chapter but will still
be included here for completion.

Positionality

We mentioned the identity of the main researcher in the methods section. They are a white,
non-binary democrat who is not religious. As the research and interpretations in this study were
broken down into different demographics and is potentially influenced by the researchers background
and identity. They did strive to approach everything while recognizing their personal lens and make
everything as objective as possible.

Data Population

To our understanding, around 99% of the participants are affiliated with the University of
Colorado Boulder (CU Boulder) in some way, either as a student or professor. The demographic
breakdown of CU Boulder from the Fall 2022 semester was as follows: 45.5%/54.5% women/men
and 26.3%/73.7% people of color/white [21]. The percentage of registered voters in Boulder County
is as follows: 43%/12%/45% democrats/republicans/independent [4]. This population breakdown

can be seen in There is no data about religious affiliation or the non-binary population.
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While the demographic breakdown of the study’s population reflected these patterns well,
it was not generalizable to the rest of the country. For example, the 2021 US Census reported

40.7%/59.3% people of color/white population breakdown[22].

80%
0%
60%
30%
40%
30%
20%
10%

0%
Our study CU Boulder us

m White Peaople of Color

Figure 4.1: Breakdown of Race & Ethnicity Across Different Populations

Data Limitations

There are certain limitations that came with using a survey as our main instrument. Most
of the limitations were from the quantitative items while the restrictions from qualitative were due
to the survey environment. The survey format did not allow for follow up questions and it did not
allow for deeper insight into a participant’s thought process. We also set up our survey with an
expectation of seeing educational background as a statistically significant relationship with items.
So there are no items that are catered towards political parties or other social factors which limits
the depth of our claims.

As for issues with quantitative research, relying on only numbers to accurately reflect patterns

and trends limited our insight. The structured nature of likert-scale items restricted the partici-
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pant’s answers into one of five categories and left little room for complex answers. OQur statistical
hypothesis analysis testing is limited as it only reports the relationships and correlation between
certain variables, not the reasons. It could not test causality between factors and if it could, the
tests could not provide a reason for the relationship. So our interpretations, while backed up by the
data from both qualitative and quantitative questions, are simply interpretations, not conclusive
results. Due to time constraints we did not validate or test the survey’s reliability. Validation and
reliability ensures that the survey measures what we assume it measures and the data is replicable

which establishes accurate results.

4.2 Summary

We created this summary to provide an overview of our research. It provided information
about motivation and previous work surrounding our topic and recaps the methods used to create
our survey and analyze the collected data. We also highlighted the key findings from this report.

The motivation behind this study was to explore the connections between education, the
tentative nature of science, and trust. How was the tentative nature of science taught in a college-
level classroom and did that have any influence on someone’s trust in science? We found previous
research that studied materials that teachers were given to teach the changing nature of science
and instruments that measured the effectiveness of these curricula. We also found studies related
to trust and general attitude towards science. The research indicated that Americans had a higher
level of trust in science than other nations as well as the power that political parties play in personal
confidence in science.

Our survey used a combination of Likert-style items and open-ended questions to investigate
participants’ understanding of the tentativeness of science and how it impacts their trust. A variety
of questions were taken from previously validated instruments and we created the remainder with
input from the Physics Education Group at CU Boulder. The survey was distributed in an email to
CU Boulder instructors and we received 398 responses. The demographic breakdown represented

Boulder’s population but limited us in generalizing our findings any farther. We created rubrics to
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code the responses from open-ended questions using a mixture of a priori and emergent coding. For
the Likert-style items, we used statistical hypothesis testing to find any correlations between specific
demographics and items. After collapsing the data, we used Fisher’s Exact and Holm-Bonferroni
to find the statistically significant relationships.

We split the results section into Likert-style results and open-ended results. From Likert-style
results, we recognized that nine of our questions had over a 50% agreement rate which limited
the power of our claims and indicated that the statements are not predictors of relationships. We
were surprised by the lack of correlation between the science and non-science demographic and our
questions which is the first key finding. Formal public college education in science is not a
significant predictor of participants’ ideas about the tentativeness and trustworthiness
of science. A potential reason why is all college classes treating the topic of changing science in
the same manner.

The next key idea comes from an overall trend seen with our significant relationships. A
participants’ political party is a significant predictor of their understanding of the
changing nature of science and their trust in science. Four Likert-style questions and one
open-ended question correlated with either the difference between Independents and Democrats
or Independents, Democrats, and Republicans. The first item, I3 asked about science changing
due to reinterpretation of existing evidence and Republicans were more likely to feel neutral about
the statement. 16 investigated the belief that science is reliable and trustworthy and Democrats
were more likely to agree with the statement. The next item, 19, highlighted a difference between
Democrats and Independents with Democrats more likely to disagree with the idea that education
correlates change with failure. We found that the trend from I10 indicated Republicans were less
likely to disagree with the concept that if science is incorrect, it provides credibility to personal
ideas. Results from OQ4 indicated that Democrats were less likely to report that their education
had no impact on them and no Republicans cited that education gave them tools to understand
science.

The comparison between OQ2 and OQ3 which asked participants about their reaction to
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changing science and only changed if the science personally affected them or not led to another
key finding. People are more likely to reject changes to science if it affects a personal
belief. We also used horizontal descriptive statistical analysis to understand any themes between
the open-ended questions. This led to a potential interpretation that individuals understood that
science changes in the past but are unclear about the present tentativeness of science.

Our key takeaway from study was that our current education is insufficient. Our participants
were aware of the tentativeness of science and most stated that they trusted science but, as our
education system is currently set up, formal college education does not influence individuals ability
to reconcile the tentativeness and trustworthiness of science. Building trust in science and under-
standing of the tentativeness of science might mean improving formal collegiate education but there
might be other factors. Maybe improving reconciliation lies in informal education or K-12 educa-
tion. Or it might be related to political polarization. But if we want people to better understand

the tentativeness and trustworthiness of science, we can not rely on our current education.

4.3 Future Work

This section introduces proposals for future work in this vein of study. Most of it requires
expanding the data population. We would like to extend the outreach of this survey to different
groups across the US to incorporate differing thoughts and potentially generalize the results to
a larger population. A larger data set would also allow us to use different methods to find cor-
relations across variables, including a multi-variable correlation test which considers intersecting
identities. Intersectional relationships might help us narrow down our interpretations and build
stronger reasonings for correlations. A potential statistical hypothesis test we could use to under-
stand relationships among many variables is the ANCOVA (analysis of covariance). However, to
use the ANCOVA test, the required N value is in the thousands which is not achievable with our
data set.

In future work, we would also like to conduct the survey with students in middle and high

schools. One of our reasons for a lack of correlation between responses and participants’ background
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in science was the idea that the tentativeness of science is not treated differently in college level
classes. It would be interesting to see if this trend continues in middle and high schools and
educational experiences do not make any difference in someone’s understanding of the tentativeness
and trustworthiness of science. Or if there is a certain age where science education has a big impact
but diminishes after a specific year. Or if science classes taken in high school have any impact. And
younger students’ might not have had time to join a political party. Removing the main predictor
from our data set would allow us to investigate other intersections. While formal educational college
experiences were not significant in this study, there are lots of potential research areas to explore in
other facets of education.

We would also like to measure different aspects of an individual’s identity. The WGM survey
cited that socioeconomic status played a role in someone’s trust in science worldwide so there is po-
tential for an investigation into that predictor in our population. We could also explore the difference
between political ideology (liberal /conservatism), registered political parties (democrat /republican),
and history of voting. Along those lines, investigating the evolution of identity alongside the tenta-
tiveness and trustworthiness of science could provide intriguing results.

It might be beneficial to validate and test the reliability of the survey. As mentioned in the
limitations above, a reliable and valid survey returns accurate results. Testing the reliability of
the survey could mean testing and retesting or internal consistency. Retesting requires the same
participants to repeat the survey after a period of time and internal consistency asks if the survey
returns the same answer from different parts that are designed to measure the same thing. The
most valuable type of validity for this survey would be internal validity which measures the extent

that we can be confident that any relationships found in our survey are not from external factors.
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Appendix A

All Data Breakdown
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Appendix B

Email to Professors

I am currently a senior in physics working on my honors thesis with the physics education
research group, mainly Dr. Bethany Wilcox, at CU Boulder. I am conducting research about how
people understand the nature of science from the Next Generation Science Standards and how this
intersects with people’s trust in science. One of the facets of nature of science is that science is
subject to revision and change. I am using this survey to measure not only if people believe that
science is subject to change but also if people trust science more or less because it changes. Feel
free to take the survey yourself if you are curious about the questions it contains.

The target population of the survey are mostly college aged students in Colorado. The survey
collects no identifiable information and offers a link to a google survey for their emails if they would
like to be entered for the gift card raffle. That ensures that all answers are anonymous. The data
itself will be analyzed to find potential patterns and themes but the raw data will not be shared
with anyone else.

It would be great if you distribute the following survey to students within your class. It is an
online qualtrics questionnaire that should take 5 - 10 minutes. It would be appreciated if you could
publish it in canvas announcements and mention it to your students during class. The bit below is
meant to act as a copy and paste announcement for you but feel free to make any necessary changes
to better fit your class.

Recent world events, including the COVID-19 pandemic have emphasized the importance

of understanding how people understand the nature of science and trustworthiness of scientific
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claims. As part of an effort to better understand students’ ideas around this, researchers at CU
have developed an anonymous survey to solicit ideas. This survey will close mid Feb 2023 and
students who complete the survey will have the option to enter into a drawing for one of five 20
dollar electronic gift cards. Due to the anonymity of the survey, instructors will not be informed
about participation. Link is below.

Thank you for your time and consideration. Feel free to contact me if you have any questions

Oor concerns.



Appendix C

Qualitative Rubrics

NR (no response)

NC (no change)

C (change)

R (reinterpreted)

There is no response; they
state that they do not know;
the response does not address
the prompt; OR the response
cannot be classified based on
the rubric descriptions.

Scientific theories do not change
over time if they are based on
accurate experiments or facts. OR
The response includes
misconceptions concerning the
nature of science or self-
contradicting statements.

Scientific theories may
be changed when
experimental techniques
improve, or new
evidence is produced.

Scientific theories may
also be changed when
existing evidence is
reinterpreted.

Examples

I think well accepted theories do not
change because before they are
accepted, they are tested and peer
reviewed so that they are factual
and there are no holes in the theory.

I think that they
update as new
discoveries are made
and it prompts
reexamination of the
current rules.

They change due to
new discoveries and
reviewing prior data to
make determinations.

Figure C.1: OQ1 Rubric
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O (other)

R (reject)

Q (question)

QWS (question with
sources)

A (accept)

AWS (accept with
sources)

There is no
response,
response does
not address

Rejects the
idea of
changing
science. (due

Questions the idea
of changing science.
(Reading the
paper/article does

Questions the idea of
changing sources
AND mentions
looking into other

Accepts the idea
of changing
science

Accepts the idea of
changing science
AND mentions
looking into other

the prompt, to any not count as looking | sources for more info sources for more info
OR response reason) into other sources)
can not be
classified
0Q2 Example | I would I approach it with I would react by I wouldn't be I will consider the
believe that caution, but if there | doing some research surprised as it is theory and the
it is incorrect | is an explanation of my own and only a theory and | findings that support
and be I'm interested in gathering information | with new evidence | it before I agree with
throughly hearing it. from other sources to | and technology, it | it.
suprised! inform myself in is very possible to
order to understand disprove them.
why that source made
that assertion.
0Q3 Example | [ would not Ask why. There has | I would ask them I would accept Again, if I could find

believe them
as much if it
is something
I believe in.

to be a reasoning
for that core belief
being scientifically
incorrect and
evidence that backs
up that reasoning.

about where they
were receiving this
info from and then
research that myself.

and move on.

multiple reputable
sources that agreed
with those
statements, I would
consider changing my
opinion or beliefs on
what I previously
thought was true.

Figure C.2: OQ2 & OQ3 Rubric
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O (other) | NC (no change) | UC (unspecified T (tools) SS (static CS (changing B (both)
change) science) science)

There is no | States that States that States that States that States that States that
response, educational educational educational educational educational educational
response experiences had | experiences had experiences experiences experiences experiences

does not no effect on an affect, but it have provided | taught them taught them taught them both
address the | their does not fit into | them with tools | science does science that science does
prompt, understanding the nature or for not change changes not change and
OR science OR is understanding changes
response unspecified science

can not be

classified

Examples | Not at all, I've | I think my My education Through my My My educational

had a relatively | educational has allowed me | education, I've | educational experience has

constant
understanding
of how T should
think about
things and
come to my
beliefs

experience is the
only thing that
has impacted by
view of the
changing /static
nature of
survival.

to thinking
more critically
about claims
and the
changing of
science.

learned a lot
more about the
static nature if
science than
changing
because a lot of
the ore
elements of
science have
seemed to
remain the
same
throughout my
experience.

experience has
definitely
shown me
that science is
always
changing and
evolving as we
find better
research
methods, new
problems, and
new

solutions.

made me think
that some
equations and
theories are
basically facts
and other
equations and
theories are
circumstantial.

Figure C.3: OQ4 Rubric




Appendix D

Qualtrics Survey

Intro and consent
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Open Questions

With examples, explain why you think scientific theories do not change OR how (in what way)
scientific theories change:

If a reputable scientific source stated that a well-known theory (i.e. general relativity or big bang
theory) is incorrect, how would you react to the finding?

If a source you trust stated that a personal core belief (e.g., eating meat is bad for the planet,
aliens exist) is scientifically incorrect, how would you react to the finding?



How has your educational experience impacted your opinion regarding the changing/static

nature of science?

Likert Scale - NOS

For the follow questions, please rate your level of agreement.

Neither
Strongly Somewhat agree nor
Disagree disagree disagree
Science is subject to '®) ®) O

change

Somewhat
agree

@)

Strongly
agree

O



It is possible that
scientific theories may
be completely replaced
by new theories in light
of new evidence

It is possible scientific
theories may be
changed because
scientists reinterpret
existing observations

It is possible scientific
theories are subject to
ongoing testing and
revision

It is possible scientific
theories based on
accurate
experimentation will
not be changed

Strongly
Disagree

O

Somewhat
disagree

O

Neither
agree nor
disagree

O

Somewhat Strongly
agree agree
O @)
O O
O O
o o

If you would like to expand on any questions above, please feel free to do so here.



Likert Scale - Trust

For the follow questions, please rate your level of agreement.

Neither
Strongly Somewhat agree nor Somewhat Strongly
Disagree disagree disagree agree agree
Science is reliable and O O O 0O 0O

trustworthy

Science, in general,

makes life better for O O O O O

the average person

Science is an important

method for discovering O O O @) O

our natural world

Education enforces
that being incorrect



Neither
Strongly Somewhat agree nor Somewhat Strongly
Disagree disagree disagree agree agree

and asked to change is
a sign of failure

The fact that science is

sometimes incorrect

provides credibility to O O O O O
personal ideas

If you would like to expand on any questions above, please feel free to do so here.

Conditional.1

For the follow question, please rate your level of agreement.



Neither

Strongly Somewhat agree nor Somewhat Strongly
disagree disagree disagree agree agree
Science is more
trustworthy because it O O O O O

changes.

If you would like to expand on any questions above, please feel free to do so here.

Conditional.2

For the follow question, please rate your level of agreement.



Neither
Strongly Somewhat agree nor Somewhat Strongly
disagree disagree disagree agree agree
Science is more

trustworthy because it O O @) @) O

does not change.

If you would like to expand on any questions above, please feel free to do so here.

Demographics

Demographic Information



We are trying to reach out to a broad range of participants to ensure collection of diverse
perspectives. If you are comfortable, please share your information below.

With which of the following do you identify?

O Man

O Woman
(O Non-binary/Gender non-conforming

O Not listed:

O Prefer not to answer

With which of the following do you identify? (Check all that apply)
[J Asian

(] Black/African American
Caucasian
Hispanic/Latinx

Native American
Pacific Islander

Not listed:

OO0O0o0o0oa0

Prefer not to answer

With which of the following do you identify?

O Independent
(O Democratic
O Republican



O other

O Prefer not to answer

If you consider yourself a member of a religion or religious organization, please let us know
below.

Have you ever recieved a degree in a scientific field?

O VYes
O No

Are you currently working on a science degree?

O VYes
O No
O Other

Block 7

What is the highest level degree you completed?



O Associate degree
(O Bachelors degree
O Masters degree
O Doctorate

O Other

Block 8

What is the highest level degree you completed?

O High School Graduate
(O GED or equivalent

(O Some college, no degree
O Associate degree

(O Bachelors degree

O Masters degree

O Doctorate

O Other

Powered by Qualtrics
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