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Abstract: Given the convenience with which information can now be acquired, it is crucial to
analyze cases of potential misinformation and disinformation in postsecondary education. Instructor
credibility judgments were measured using descriptive survey research, and the main objective was
to investigate trends related to misinformation, credibility, trust, bias, and others in graduate students
and on a graduate program basis. Participants were surveyed from a land grant institution in the
southeast United States where 186 graduate students completed an electronic survey on the detection
of misinformation and similar experiences. Graduate students were divided based on graduate
program into STEM (sciences, technology, engineering, and mathematics) and non-STEM groups.
Quantitative methodologies included validated questionnaires developed by researchers containing
Likert-type scale questions. Chi-square tests of independence and frequencies served as primary
analyses. Participants in both STEM and non-STEM groups detected the following: misinformation,
bias, challenges, intimidation, risk of measurable consequences, pressure to conform, and skepticism
from post-secondary instructors. There were significant differences between the type of student for
trust in claims (p < 0.05), while the perception of potential consequences tended to be different between
the types of graduate students (0.05 < p < 0.10). Participants in both STEM and non-STEM groups
reported perception bias in science material presentation, with STEM students reporting less bias.
Qualitative methodologies included optional open response boxes to provide supporting details or
narratives. Reliable and validated thematic coding following served as the primary analysis. Students
disciplined in STEM and non-STEM faced misinformation, bias, challenges, intimidation, risk of
measurable consequences, pressure to conform, and skepticism from post-secondary instructors.
Graduate students reported consistent instances of misinformation and bias about science and
agriculture topics in both science and non-science-focused classrooms.

Keywords: misinformation; university; instructors; credibility judgment; survey; graduate students;
land grant; STEM and non-STEM

1. Introduction

Science literacy extends beyond familiarity with and comprehension of scientific
subjects. Individuals who are science literate are competent outsiders with respect to
science [1]. These individuals have mastered the ability to recognize the circumstances
in which science is relevant to their needs and interests and to interact with sources of
scientific knowledge in a way that advances their own objectives [1]. The quest for science
literacy, then, is not just about detecting relevance; rather, it is fundamentally about learning
to recognize how science is or may be significant to things that citizens care about most [1].

On the other hand, facilitators of learning environments are involved in the process
of gathering information, analyzing it, and disseminating it. Chronic misinformation is to
blame for the failure of this procedure [2]. Although misinformation and disinformation
have distinct differences, their definitions sometimes mix [3]. Both phrases refer to the
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dissemination of false or disproven information, although with different motives and
objectives [3]. Misinformation is the accidental dissemination of false and misleading
information [4]. Disinformation is the purposeful spread of false or incorrect information
with the intent of damaging a person or group [4]. Bias refers to a preference for (or
opposition to) a specific concept, individual, or object based on one’s own feelings or
values [4].

Opinion-based instruction and political prejudice are the main sources of misinfor-
mation and disinformation in college courses [5,6]. When people acquire comparable
information, a phenomenon known as belief polarization occurs when their opinions are
virtually in conflict [7]. Similarly, when information is supplied that is credible and ac-
cepted by individuals with similar intentions but rejected by others with opposing agendas,
science becomes politicized [8]. Research has concluded that there are influential relation-
ships between opinionated instructors and students. Specifically, students were influenced
by their instructors, which impacted their daily lives [9,10]. Giving present and future
educators the skills necessary to explain scientific concepts gives students outstanding
role models in the field of science communication. By developing their scientific commu-
nication skills, instructors can better explain emerging research to students, which will
increase understanding among a wide range of citizens [11,12]. Competent graduates are
widely sought after in today’s competitive employment environment because competent
professors produce competent students with great science communication abilities [13].
Science communication and critical thinking proficiency can be likened to speaking two
languages fluently [13]. The interaction between students and teachers is an important topic
to cover when talking about misinformation in higher education. Several organizations that
manage the trust between students and their professors explain this relationship. Simply
put, the institutional environment in which instructors work and the idea of paying for a
more advanced, complex education support the trust of students in their teachers [14,15].
Students seek specialized knowledge and pursue academic achievement when they enroll
in college, strengthening students’ faith in their professors [14,15]. In college, students
learn about epistemic confidence and put it into practice, which helps the instructor guide
their constituents with epistemic competence [14]. Furthermore, it has been observed that
students succeed more frequently when they have a good working relationship with their
teacher [14].

Research has shown a need for reform efforts for science educators because, although
science is advancing, our teaching and communication of science have not followed the
same trend [16,17], revealing knowledge and ability gaps. A portion of these reform efforts
specifically target science literacy as the main goal of advancing science education from
kindergarten through postsecondary studies [16,18]. Barnes et al. [16] reported that both
explicit and relative instruction are critical to narrowing these gaps.

1.1. Theoretical Framework

In their role as disseminators of scientific knowledge, educators often turn to Prag-
matic Theories of Truth, commonly known as pragmatism, to explicate the nature of truth.
Originating from American philosophers, pragmatism represents a contemporary justi-
fication of truth. Pragmatic theories posit that truths are determined by their practical
consequences and empirical validation. William James asserted that truth consists of ideas
that can be assimilated, validated, corroborated, and verified [19]. Similarly, John Dewey
contended that truth is synonymous with what works effectively in practice [20]. Charles
Peirce proposed that truth, although provisional, remains valid until superseded by sci-
entific inquiry [19,21]. Pragmatism employs empirical evidence to differentiate between
truth and falsehood, making it a dominant paradigm in research [22]. Understanding truth
is likened to assembling a puzzle, where each new piece of information is deemed true if
it fits into the larger framework [22]. However, pieces with unconventional shapes often
appear incompatible with the final product, a phenomenon commonly encountered in
research [21]. Scientists may prioritize narrowly focused research topics over broader social
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implications, potentially overlooking significant societal concerns [23]. Nevertheless, when
appropriately placed, even the most unconventional puzzle pieces contribute to the com-
prehensive understanding of truth. Pragmatism posits that scientific progress continually
introduces new knowledge, necessitating constant reassessment of perspectives and beliefs
to apprehend truth accurately. In formal educational settings, the concept of knowledge
sharing is highly significant. Within an organization, knowledge sharing refers to the in-
tentional exchange of information, ideas, insights, and experiences between individuals or
teams [24]. Various theories have been proposed to explain knowledge-sharing behaviors,
including the Theory of Reasoned Action, the Theory of Planned Behavior, and Social
Exchange Theory, among others [25]. In the context of education, Social Exchange Theory
offers a particularly relevant framework. This theory, based on a cost-benefit analysis,
elucidates the interactions between individuals, such as teachers and students, highlighting
the dynamics of leadership, relationship building, and trust in the learning process [26]. In
summary, educators are more inclined to impart “accurate information” to their students,
albeit influenced by potential risks and biases, which can inadvertently misinform students
about scientific concepts and hinder scientific literacy.

1.2. Study Purpose, Research Objectives, and Research Questions

Research into perspectives on detecting misinformation among students and their
credibility judgments of instructors in higher education is not well understood. This study
aimed to discreetly explore trends and perspectives in the detection of misinformation
and bias in past classrooms of graduate students on a graduate program basis at a land
grant school in the southeastern United States. A land-grant institution delivers higher
education within the United States and is designated by a state to receive the benefits of
the Morrill Acts of 1862 and 1890, or a beneficiary under the Equity in Educational Land-
Grant Status Act of 1994. Graduate students are classified as STEM (science, technology,
engineering, or mathematics) or non-STEM depending on their graduate program of
study. This study examined both general and science-specific misinformation, as well as
pseudoscientific evidence. It was hypothesized that graduate students of STEM disciplines
and non-STEM disciplines would yield differing responses to these phenomena. Specifically,
this study sought to report on the perspectives and stories of graduate students who
experience misinformation and other obstacles in higher education. Sharing the narratives
of students who likely otherwise would have kept quiet about these sensitive topics would
be informative to educational administrators and higher education curriculum curators.
The research questions (RQ) that this study answers are as follows:

1.  What do STEM and non-STEM graduate students perceive and rank as credible
sources of scientific information?

2. Is there a relationship between graduate program (STEM and non-STEM) and the
perceived value of incorporating science into non-science classrooms?

What are the perspectives on including science in non-science classrooms?

3. Is there a relationship between graduate program (STEM and non-STEM) and sensing
misinformation, bias, challenge, intimidation, consequences, or pressure to conform?

4. How often is credible, evidence-based science discussed in non-science college class-
rooms?

5. If science was introduced in non-science classrooms, are the scientific claims perceived
as trustworthy by graduate students (STEM and non-STEM), or are graduate students
skeptical that the claims could be misinformation?

6.  What are the experiences of misinformation, bias, challenge, intimidation, risk of
consequences, pressure to conform, trust, and skepticism between STEM and non-
STEM graduate students?
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2. Materials and Methods
2.1. Study Design

This study used survey data (n = 186) following a descriptive research design and im-
plemented using a mixed-methods approach. The research was approved by the university
institutional review board. The initial questionnaire was composed of four sections: demo-
graphics, a science literacy questionnaire (SLQ), a detecting misinformation questionnaire
(DMQ), science communication, and teaching responsibilities. The questions were designed
by research personnel described in the next subsection, approved by a panel of three science
educators, and the internal consistency was tested. The reliability analysis resulted in a
Cronbach alpha of 0.647, which is lower than the standard value; however, considering the
smaller sample size and fewer items, this was deemed sufficient for continued analysis.
The electronic survey using Qualtrics Survey software (Version 2022, Provo, UT, USA)
was distributed to graduate students by email using methodologies suited for web-based
questionnaires [27]. Data collection ranged from July to August 2022. After narrowing
responses to full completion of the demographics, SLQ, and DMQ, statistical analysis was
performed on 186 of 327 findings.

2.2. Survey Development and Questionnaires Measured

For the purposes of this study, the demographic data, the SLQ responses, and the DMQ
responses were analyzed. The questionnaire on detecting misinformation was developed
by research personnel with the help of other university professionals. Three individual
professors from three different departments (agriculture, engineering, and general sciences)
were recruited to discuss and advise on questionnaire development. The discussion began
with the original study purpose regarding misinformation and bias in science and non-
science classrooms. After discussions, ultimately the researchers were able to channel two
questions for the SLQ and ten questions for the DMQ.

Following demographic questions was the science literacy questionnaire (SLQ). A
“select-all-that-apply” question for credible sources of scientific information was presented
to participants, “What do you consider as credible sources of scientific information?” The second
question in this sub-questionnaire was a Likert-type response asking, “Do you think there is
value or importance in incorporating science topics into the nonscience classroom?”.

Following the SLQ was the detecting misinformation questionnaire (DMQ), which
was an eight-item Likert-type design. These questions asked how often graduate students
experienced misinformation and bias on science-related topics during their undergraduate
and graduate student careers. Additionally, this section inquired whether graduate students
had different opinions than their instructors or most of the class, with resulting feelings of
challenge, intimidation, potential consequences, and pressure to conform to the opposite
opinion. Finally, participants were surveyed on if they had experienced science presented
by instructors in non-science classrooms. If responding yes, these participants (n = 144)
completed three additional Likert-type questions that probed perceived trust or skepticism
of scientific claims. After each survey item, participants had the opportunity to share
experiences related to each question asked or provide context with their responses.

2.3. Analysis

Quantitative data analysis involved descriptive statistics and chi-square tests of inde-
pendence that were analyzed using SPSS (Version 28). The «-level for mean differences
was set at 0.05, and the tendency for differences was set at 0.1. When effects had p < «,
differences or tendencies were discussed. Quantitative data analysis of demographic char-
acteristics involved frequency statistics, which were analyzed using SPSS (Version 28).
Open-response questions served as qualitative measures, and thematic coding was ana-
lyzed using ATLAS.ti (ATLAS.ti, Web Version, 2022). Optional comments were organized
by discipline groups by the first author, which yielded a transcript consisting of 17 pages of
single-spaced text. As encouraged by Saldafia [28], three different coders read, annotated,
and coded the transcript. Open or inductive coding was the grounding approach to the cod-
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ing process, where first- and second-cycle coding [28] traced open coding methodologies
and thematic analysis first defined by Braun and Clark [29]. Specifically, first-cycle coding
included the familiarization and initial rounds of coding [29]. To ensure stable responses,
coders collaborated if there were discrepancies in interpretation, where codes of similar
meaning were combined into one code through second-cycle coding. The codes were
then classified and grouped into themes after second-cycle coding and reported in these
results [29-32]. Dependability and reliability were achieved by having three experienced
personnel review and validate the transcribed material, themes, and codes [33]. These
coding methods ensured that the research study was based on the concepts of reliability
and validity [34].

2.4. Participants

Participants in this study were selected using convenience sampling at a land-grant
institution in the southeastern United States. Graduate students were chosen due to
their unique workload in higher education, which typically includes research, teaching,
coursework, and community engagement [35-39]. A web-based survey methodology [27]
was employed to distribute emails to full-time, part-time, and distance-learning graduate
students. Shown in Table 1, the main demographic characteristics of the participants, who
predominantly fell within the 2029 age range, identified as White, aligned with Democratic
political affiliations or chose not to disclose, and came from suburban backgrounds. The
sample encompassed various degree programs, with Master of Science and Doctor of
Philosophy comprising the largest segments. The roles of graduate students were also
diverse, with graduate students primarily dedicated to research, teaching, or other roles.
Demographic characteristics are compared on a STEM and non-STEM discipline basis since
detection of misinformation and science misinformation comprises the core of this study.
The categorization of STEM and non-STEM was performed through the declaration of the
graduate program of study, in which research personnel were classified as each falling into
one category or the other.

Table 1. Demographic characteristics of graduate student survey participants from STEM (sciences,
technology, engineering, and math) and non-STEM disciplines *.

STEM Non-STEM Full Sample
N % N % N %
Gender
Female 65 43.6 26 70.3 91 48.9
Male 81 54.4 10 27.0 91 489
Third Gender/Non-Binary 2 1.3 1 2.7 3 1.6
Prefer not to say 1 0.7 0 0.0 1 0.6
Age
20-29 111 74.5 24 64.9 135 72.5
30-39 29 19.5 5 13.5 34 18.3
40-39 4 2.7 3 8.1 7 3.8
50-59 2 1.3 4 10.8 6 3.2
60 or older 3 2.0 1 2.7 4 2.2
Ethnicity
Caucasian/White 97 65.1 28 75.7 125 67.2
Hispanic/Latino 13 8.7 2 5.4 15 8.1
African American/Black 6 4.0 5 13.5 11 5.9
Asian/Pacific Islander 31 20.8 0 0.0 31 16.6
Mixed /Other 2 1.3 2 5.4 4 2.2
Political Affiliation
Democrat 38 25.5 18 48.6 56 30.1
Republican 27 18.1 8 21.8 35 18.8
Independent 27 18.1 6 16.2 33 17.7
Libertarian 6 4.0 1 2.7 7 3.8
Prefer not to say 51 34.2 4 10.8 55 29.6
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Table 1. Cont.

STEM Non-STEM Full Sample
N % N % N %
Upbringing
Urban 33 221 6 16.2 39 21.0
Suburban 84 56.4 22 59.5 106 57.0
Rural 32 215 9 24.3 41 22.0
Degree Program
Graduate Certification 9 6.0 2 54 6 3.2
Masters 59 39.6 15 40.5 72 38.7
Doctor of Philosophy 80 53.7 20 54.1 100 53.8
Postdoctoral Studies 1 0.7 0 0.0 1 0.6

“# Survey utilizing Qualtrics of 186 graduate students (1 = 149 for graduate student programs in STEM disciplines;
n = 37 for graduate student programs in non-STEM disciplines) and credibility judgment questionnaire.

3. Results
3.1. Credible Sources of Information Identified by Graduate Students

The types of credible sources of scientific information selected by the STEM and
non-STEM graduate student groups are shown in Figure 1. Popular selections for both
groups were peer-reviewed or open-access journals and articles, government- or education-
based websites, and industry professionals. An interesting observation was that seven
categories were not viewed as credible by non-STEM disciplined graduate students. Com-
modity organizations, social media and influencers, friends, blogs, Google, and Wikipedia
were not selected as credible sources of information by non-STEM students. The “other”
sources of credible information included textbooks, journal search engines, news, and
extension publications.

100%
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0% | | I e = [ | I -
R SN : N Q‘* Q RN O
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Figure 1. Credible sources of scientific information identified using check-all multiple-choice options
for STEM (sciences, technology, engineering, and math) participants (1 = 149) and non-STEM (n = 37)
graduate student participants.
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3.2. Perceived Value or Importance of Incorporating Science into Non-Science Classrooms for
Graduate Students

Both STEM and non-STEM graduate students indicated that there is some value in
incorporating science into non-science classrooms (Table 2). The chi-square test of inde-
pendence revealed that there is no association between the type of graduate program type
and the perceived value of incorporating science into non-science classrooms, (x2(2) = 3.68;
p =0.16).

Table 2. Perceived value of incorporating science in non-science classrooms of a sample of STEM
(sciences, technology, engineering, and math) and non-STEM graduate students *Y.

Value Incorporating Science Topics into Non-Science

Classrooms
Group Yes, Always Yes, Sometimes No, Never Total
STEM 88 57 4 149
Non-STEM 17 20 0 37

# Survey utilizing Qualtrics of 186 graduate students (n = 149 for graduate student programs in STEM disci-
plines; n = 37 for graduate student programs in non-STEM disciplines) and credibility judgment questionnaire;
Y x3(2) = 3.68, p = 0.16.

3.3. Graduate Student Perspectives of Including Science in Non-Science Classrooms

Of 62 total responses, 51 of the comments were from respondents from STEM disci-
plines and 11 from non-STEM disciplines. The themes that emerged were “Interdisciplinary
Efforts”, “Personal and Professional Development”, and “Interferences”. For the theme
“Interdisciplinary Efforts”, the codes for the participant responses included “connections”,
“useful”, “perspective”, “exposure”, and “awareness”. These responses indicated positive
support for including science in non-science classrooms as respondents saw opportunities
to advance quality education by immersing science into classrooms. For example, one
STEM student explained, “It’s important for everyone to have some understanding of how
different aspects of how our world works whether it be related to agriculture, medicine, con-
struction, or any other important sector of human lives so that they understand why some
practices are adopted”. The theme “Personal and Professional Development” resulted in
codes such as “critical thinking”, “writing”, “social issues”, “global & human application”,
“relevant”, and “improve or enhance”. Responses within this theme described specific
instances in which incorporating science can positively improve students both personally
and professionally. A positive perspective from a STEM student indicated “If we practice
more integration of topics and how different schools of thought intersect to create deeper
knowledge, there would be better base knowledge in society and that would lead to better
outcomes in many areas”. The last theme, “Interferences”, describes responses that were
hesitant to incorporating science in non-science classrooms with anticipating disruptions
of learning or students losing interest. Codes under this theme included “inappropriate”,
“less engaging”, “personal anecdotes”, “politics”, “student interest”, and “opinions”. One
STEM student indicated the distractions of incorporating science in non-science classrooms
in that “If people wanted to learn science, or learn about science, they would take science
classes or sign up for a science major”. A non-STEM perspective includes, “A topic like
climate change can be politicized, I think it’s important for teachers to think about not
only what they teach, but how they teach it”, in hesitance to incorporating science in
non-science classrooms.

3.4. Graduate Students Sensing Misinformation, Bias, Challenge, Intimidation, Consequences, and
Pressure to Conform

Students in both graduate program groups indicated that they have sensed misinfor-
mation taught outside of their disciplines to some degree, with nearly 20% of each group
reporting that they experience equal amounts of correct and misinformation. However,
the results did not indicate differences between the groups in sensing misinformation
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(x%(4) =5.73; p = 0.22). Similarly, both groups have detected bias in the teaching of science-
related topics, though this was not significant (x?(4) = 6.28; p = 0.18). Approximately 20%
of each group witnessed or sensed bias often, while 17.7% of STEM-disciplined students
never sensed bias, compared to 8.1% in non-STEM disciplines. In addition, both types
of graduate programs have sensed challenges (x*(4) = 1.50; p = 0.83) because of differing
perspectives on science topics, with the majority indicating that the challenge did not bother
them. Both groups also detected intimidation to some degree (x*(5) = 3.95; p = 0.56), but
most were not intimidated by differing opinions. For non-STEM graduate students, 5.4%
were intimidated enough to withdraw from a class, while 1.4% of STEM graduate students
were intimidated enough to conform to the majority opinion. Both STEM and non-STEM
students tended to sense consequences differently with medium effect (x(3) = 6.92; p = 0.08;
Table 3). Although most graduate students did not feel at risk of suffering measurable
consequences (grade suffering, judgment, etc.) because of their differing opinions, STEM
students felt greater risk than non-STEM students. Though no effect was presented for
pressure to conform (x2(3) = 2.38; p = 0.50), non-STEM students reported that they were
more pressured to conform than STEM students, and 2% of STEM students indicated they
were heavily pressured to conform because of potential consequences, intimidation, etc.

Table 3. Sensing potential consequences with differing opinions than class majority or instructor of a
sample of STEM (sciences, technology, engineering, and math) and non-STEM graduate students %Y.

Risk of Potential Consequences Witnessed or Sensed

Did Not Have Did Not Feel at

Differing Risk, Even with Some Fliglit Total
Opinions Differing Opinions
STEM 18 69 50 12 149
Non-STEM 0 24 11 2 37

# Survey utilizing Qualtrics of 186 graduate students (1 = 149 for graduate student programs in STEM disci-
plines; n = 37 for graduate student programs in non-STEM disciplines) and credibility judgment questionnaire;
Y x%(3) =6.92, p =0.08, V = 0.19.

3.5. Frequency of Evidence-Based Science Introduced in Non-Science Classrooms

To analyze the frequency with which graduate students experienced instructors in
non-science university-level classrooms addressing science, Likert-type scale responses
were counted. Out of 186 participants, 42 graduate students indicated that they had not
previously experienced this phenomenon. About 11% and 16% of STEM and non-STEM
graduate students, respectively, have had science introduced in non-science classrooms
multiple times (Figure 2). Chi-square tests revealed that there is a relationship between
graduate program type and experiencing science in non-science classrooms with a large
effect (x>(3) = 9.074, p =0.028, V = 0.221). To understand how many of these scientific
claims (n = 144) were supported by credible sources at the time they were presented, the
frequencies of Likert-type responses were collected, analyzed, and displayed in Figure 3.
Some participants were unable to recall whether sources were provided at all, with 24% and
15% of participants from STEM and non-STEM disciplines, respectively. Typically, credible
sources were provided most of the time, if not always, for both disciplines. Approximately
6% of STEM graduate students and 3% of non-STEM graduate students indicated that these
scientific claims were never backed by credible sources (x%(3) = 4.56, p = 0.21).
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10.7% 8.1% 16.2%

26.2%

40.9%
22.1%
62.2%
® Many times m Sometimes ® Many times ® Sometimes
= Maybe once Did not happen = Maybe once Did not happen
(a) (b)

Figure 2. Frequencies of experiencing science addressed in non-science classrooms for (a) graduate
students in STEM (sciences, technology, engineering, and math) programs (1 = 149) and (b) non-STEM
programs (n = 37). x%(3)=9.07, p=0.03, V =0.22.

19.1% 14.7%

23.6%

0
2.9% 35.3%

6.4% (P

50.9% 47.1%
m Always m Sometimes m Always = Sometimes
m Never I don't recall = Never I don't recall
(@) (b)

Figure 3. Frequencies of (a) graduate students in STEM (sciences, technology, engineering, and math)
programs (n = 149) and (b) non-STEM programs (1 = 37) that reported whether instructors provided
credible evidence for scientific claims made inside non-science classrooms. x2(3) = 4.56, p=0.21

3.6. Credibility or Possibility of Misinformation in Scientific Claims

For those students who experienced instructors introducing science to non-science
classrooms (1 = 144), participants were asked to assess their perceived level of trust and
skepticism about whether the scientific claims made were misinformation. Graduate
students were found to experience varying levels of trust in scientific claims with large
effect (x>(4) = 10.39; p = 0.03; V = 0.27; Table 4).

Specifically, all non-STEM graduate students either trusted the statements from a
somewhat to a very high amount or had no opinion (Table 4). However, 8.4% of STEM
graduate students indicated that they responded with somewhat low to very low trust in
these scientific claims. It was also found that graduate students had varying degrees of
skepticism that the scientific claims could be misinformation. Both STEM and non-STEM
graduate students reported similar results of skepticism, where the largest majority were
skeptical at a low to medium level (x?(3) = 4.70; p = 0.18).



Educ. Sci. 2024, 14, 852

10 of 17

Table 4. Perceived trust in claims when instructors introduced science in a non-science classroom in a
sample of STEM (sciences, technology, engineering, and math) and non-STEM graduate students **.

Level of Trust in Scientific Claims

Somewhat Neither Trust Somewhat Very
Very Low Low nor Distrust High High Total
STEM 2 9 29 64 6 110
Non-STEM 0 0 10 17 7 34

“# Survey utilizing Qualtrics of 186 graduate students (1 = 149 for graduate student programs in STEM disciplines;
n = 37 for graduate student programs in non-STEM disciplines) and credibility jud§ment questionnaire; Y n = 144
(n =110 for STEM graduate students; n = 34 for non-STEM graduate students); * x=(4) =10.39, p = 0.03, V = 0.27.

3.7. Experiences of Misinformation, Bias, Challenge, Intimidation, Risk of Consequences, Pressure
to Confirm, Trust, and Skepticism

Additional comments regarding the researcher-developed questionnaires about de-
tecting misinformation and similar items were organized by STEM and non-STEM dis-
ciplines and coded in a cyclic manner by research personnel. Overall, STEM graduate
students shared a greater number of experiences than non-STEM graduate students. In
total, 168 responses were recorded across multiple categories, with 134 responses from grad-
uate students in STEM and 34 responses from graduate students not in STEM. Repeated

themes across multiple experiences include “Memorable Experiences”, “Consistencies”,
and “Natural Instructor and Student Tendencies”.

3.7.1. Experiences with Misinformation

The two themes that emerged were “Chronic Consistency” and “Memorable Points of

/a7

Misinformation”. “Chronic Consistency” contained codes such as “influence”, “repetition”,
“irrelevant”, “fast”, “corrected”, and “bother”. Respondents demonstrating this theme
showed irritation toward the frequency they have experienced misinformation or how
often instructors were corrected by students. As an example, one STEM student explained,
“I had an undergrad professor who was often corrected by students”. Similarly, another
non-STEM student recalled, “Having taken classes outside my main discipline, misinfor-
mation is common in places where scientific information is not formally studied. Often this
is a result of misunderstanding the information or simply not being interested”. The other
more-discussed theme, “Memorable Points of Misinformation”, includes codes such as
“misinformation topics”, “politics”, “COVID-19”, and “personal anecdotes”. These codes
represent the specific instances the respondents recalled experiencing misinformation.
Graduate students in both STEM and non-STEM groups experienced persistent misin-
formation as students and had similar examples. STEM-disciplined graduate students
recalled misinformation about agriculture, climate change, health and diet culture, quan-
tum mechanics, and fish health, to name a few. Non-STEM graduate students mention
climate science, animal production, and clinician errors. Several respondents described
their misinformation experiences outside the classroom, typically through social media.
One respondent went as far as explaining, “Sometimes our universities value a highly
accomplished individual in an industry over a multi-disciplined industry worker who can
speak on different perspectives and impacts of an industry. We often value success over

diversity and sound science”.

3.7.2. Experiences with Bias

The themes that emerged from qualitative analysis and cyclic coding regarding ex-
periences of bias were “Chronic Consistency”, “Memorable Points of Bias”, and “Natural
Bias”. The theme “Chronic Consistency” resulted from multiple codes of “repetition” and
“frequently”. Like experiences of misinformation, graduate students reflect on how often
instructors presented bias toward science topics in the classroom. For example, a non-STEM
graduate student reported, “Biases can be common in places where scientific information
is not formally studied”. “Memorable Points of Bias” included codes of “bias topics” and
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“politics”, reflecting specific memories of bias presented. Bias topics recalled by STEM stu-
dents were evolution, agriculture, and aerospace concepts. Non-STEM graduate students
expressed consistency of bias with specific memories of agriculture and climate-related
information. The “Natural Bias” theme contained both negative and neutral statements
regarding the inevitable bias instructors will present. The codes that made up “Natural
Bias” were “opinion”, “self-determination”, “recognition”, and “not harmful”. Comparing
groups, some non-STEM graduate students expressed a greater urgency or magnitude in
their experiences, while other STEM graduate students did not see the bias as malicious.
Specifically, one non-STEM student reflected, “I've noticed misinformation designed to
persuade people to make specific decisions or actions”. This STEM student highlighted,
“There is always going to be misinformation”, while another said, “I have but it is not
harmful or persuading, I guess. I like to listen to professors” point of view and opinions
and then I can make my own decisions”.

3.7.3. Experiences with Challenges, Intimidation, Risk of Consequences, and Pressure
to Conform

Since sense of challenge, intimidation, risk of consequences, and pressure to conform
can rely on each other, these categories were read, organized, and coded together, result-
ing in three themes. The first theme was “Memorable Challenges and Pressures”, which

V77 i i

included codes named “challenge topics”, “intimidation topics”, “example”, “conform
topics”, “consequences”, “politics”, “opinions”, “irrelevant”, and “influence”. Both dis-
ciplines had experiences to explicitly name, but STEM graduate students provided more
evidence of challenges, pressures, and consequences that were frustrating and could have
been negatively influential to others. As an example, one STEM student said, “I have re-
ceived lower grades for writing articles with contradicting views of professor”. “Challenge
topics” included the origins of Earth, animal rights, production agriculture, secularism,
and demonizing industries or practices. However, “intimidation topics” were Earth system
sciences, chemistries, and health sciences, which were accounted for by STEM respondents.
The “example” codes represented topics that induced measurable consequences, such as
agriculture topics and instances where science entered humanities discussions. The exam-
ples provided for “consequences” were suffering grade cuts, judgment from instructors,
judgment from peers, and long-term career downfalls. Another theme was “Unexpected
Troubles and Caution” where “bother”, “unsafe space”, “saving face”, “pressure”, “afraid”,
and “conform” were codes comprising the theme. Both STEM and non-STEM students
reported that they were less likely to speak up or share their opinions because of potential
consequences or that it was easier to deal with potential arguments with classmates and
instructors. Specifically, this non-STEM student shared, “Never conformed, but never felt
able to have an open discussion without being absolutely teamed up against with a mob
mentality that felt threatening (not to physical health but to departmental and work life)”.
The third theme was “Welcoming Challenge”. “Welcoming Challenge” included codes
such as “accept challenge” and “perspective”. Respondents who welcomed challenges ex-
plained that without challenge there is no need for science and that understanding different
perspectives was foundational for critical thinking and respect. All respondents who fell
under this theme were from STEM disciplines. For example, STEM students responded,
“Challenges drive me to excel”, and, “Science is all about being challenged and be able to
provide information to stand your ground. Without challenge, there would be no science.
Everyone would just accept information immediately. Questions are important”.

3.7.4. Experiences with Trust and Skepticism

Participants were provided opportunities to explain their experiences of trust toward
scientific claims in non-science classrooms and their experiences of skepticism that informa-
tion could be misinformation. These responses were analyzed, coded, and condensed into
three themes: “Memorable Trust and Skepticism”, “Innate Trust”, and “Passive Tolerance”.
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“Memorable Trust and Skepticism” contained codes of “example”, “social media”, “bias”,
and “current events”.

Both STEM and non-STEM graduate students provided specific examples of topics
where their trust in content was questionable. For STEM students, these topics were public
policy containing science topics, implications of technological history, and aircraft. For
example, “Most professors had some sort of evidence to back up their claims but often
times their evidence was from a major news outlet, not scientific journals”. For non-STEM
students, the topics described included climate change, artificial intelligence, space and
astronomy, technology, and psychology. A non-STEM student said, “I had a few courses
that discussed climate change, artificial intelligence, and also space/astronomy, so needless
to say I was hesitant to trust”. The “Innate Trust” theme was composed of the codes “truth”
and “authority”. Equally mentioned in both groups, these codes were labels to mention
whether instructors at the time were trusted sources of scientific information and did not
need to be questioned, or that being skeptical of misinformation was unnecessary. As an
example, this non-STEM student said, “Because he is a published researcher and professor
in the area he was speaking of, I was not skeptical”. “Passive Tolerance” was a theme
made up of codes like “gut-check”, “self-determination”, “prior knowledge”, and “critical
thinking”. Both STEM and non-STEM students explained that if science was presented in
non-science classrooms, they relied on prior knowledge and gut-level decisions to decide if
the information was accurate. Specifically, this STEM student recalled, “ Always would take
conversations that were had with a grain of salt and follow up to confirm validity”. Often,
these interpretations did not cause stress or bother to the students; rather, the students
tolerated the claims. Only non-STEM students mentioned “critical thinking”, as those
students stated that skepticism was an important part of critical thinking skills. To provide
further evidence, this non-STEM student said, “Skepticism is an important part of critical
thinking. Simply taking a statement as fact or truth is irresponsible and is just not good
science. It is important to dig further”.

4. Discussion

Considering that information is at peak accessibility, it is important to critically ques-
tion and evaluate instances of possible misinformation in post-secondary classrooms. It
is particularly important to judge the credibility of the scientific claims of the instructors
to preserve the integrity and mission of land grant universities. As described in previous
studies [9,10] and the current study, instructors are influential individuals who can have
long-term impacts on their students beyond the scope of the class. This phenomenon occurs
due to the remarkable level of trust and authority between instructors and students and
is also explained by student-teacher relationships [14,15]. Trust between students and
teachers is attributed to the Social Exchange Theory, where there is a clear leadership and
knowledge division [26,40], and teachers rely on pragmatism to corroborate ideas [19-22].
An effective way to judge credibility is to survey student perceptions [41]. Previous studies
have primarily focused on detecting misinformation across news media, social platforms,
and other online sources [42—-46]. Prior research has explored trends in students’ identifica-
tion of credible sources, highlighting the primary criterion of topic relevance [47]. Other
investigations have examined various factors contributing to source credibility, such as
content accuracy, authorship credentials, website design and structure, domain credibility
(.org), usability, academic rigor, and other attributes [48]. Consistent with these findings,
the current study reveals that nearly all STEM and non-STEM students perceive peer-
reviewed journals as highly credible, followed by domains ending in “.org’ and government
agencies. These resources are noted for their specificity, comprehensibility, and rigorous
review processes, aligning with insights from prior research. Generation Z and Millennials
have reported the highest confidence in their ability to detect misinformation, compared to
other generations [48]. The current study revealed that both STEM and non-STEM students
reported on the consistency of misinformation and bias and recalled specific topics that
they perceived as misinformation or biased in free responses.
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Instructors frequently express their perspectives on scientific topics during teaching,
sometimes incorporating political viewpoints [5-8]. This can lead to varying student re-
actions depending on whether the classroom environment is neutral or contentious [49].
Instances of recurring misinformation or anecdotal presentation of information can ad-
versely impact its perceived accuracy [50,51]. To facilitate discussion on potentially sensitive
subjects, instructors often refer to creating a “safe space”, aimed at fostering inclusivity and
providing a secure environment for students to express vulnerable opinions [52]. However,
achieving this can be challenging depending on university policies and class size dynamics.
Smaller class settings generally encourage greater student engagement compared to larger
ones [53]. Nevertheless, students across all class sizes may still hesitate to voice dissenting
opinions due to perceived challenges or social pressures, potentially leading to debates
over conformity and the consequences of expressing non-majority views.

Graduate students reflected that when these situations (instances of misinformation,
bias, etc.) occurred, they had less knowledge of credibility than they do now and would
have judged the information differently than before. Through qualitative analysis, it was
found that with these challenges, graduate students had positive, negative, or neutral
reactions. Positive reactions embraced obstacles, negative reactions explained frustration
or annoyance with these occurrences, and neutral statements did not express an emotional
reaction. Considering all these answers regarding misinformation, bias, and others, grad-
uate students see numerous benefits of including science in non-science classrooms. The
perceived value or importance of incorporating science into non-science classrooms was
attributed to developing critical thinking skills and overall improving science understand-
ing and science literacy. With improved knowledge and understanding of science, student
confidence is expected to increase, as well as critical thinking skills and other higher-order
thinking skills [54,55]. However, the action of incorporating science in an interdisciplinary
fashion requires some skills. As highlighted both in previous research and in the current
study, the effective teaching of science in non-science classrooms requires effort from the
instructor [56,57]. Without positive acceptance from the instructors, there would be a lack
of skill and knowledge, and an ineffective delivery of science content, which would defeat
the purpose of science integration [58,59]. Another perspective removes the teacher from
this train of thought [1]. That is, teachers are not the sole party responsible for making
science relevant like typical pedagogical tools [1]. Rather, it is up to the students to learn
how to make science relevant through questioning, practice, and providing their own social
context [1].

Graduate students encounter various challenges that undermine their trust in instruc-
tors” assertions. Research conducted by Linvill and Havice reveals that students often
perceive bias in higher education, particularly when instructors’ political views diverge
from the course content [60]. Concerns about grade penalties, ridicule, and judgment can
compel students to align their assignments with the instructor’s perspectives. Instruc-
tor epistemologies significantly influence students’ reception of information [16,60], and
the predominance of liberal perspectives among university instructors may inadvertently
propagate misinformation about scientific topics [61]. However, instructors’ political ori-
entations generally do not measurably affect students” own political leanings [62]. Some
students who perceive bias in higher education express frustration over feeling that their
efforts are devalued when confronted with biased instruction [60].

Regarding susceptibility to influence, several factors determine graduate students
acceptance of misinformation. It was hypothesized that STEM and non-STEM groups of
graduate students would differ significantly in their levels of trust and skepticism. This
study found that trust in scientific claims varied significantly based on whether students
were in STEM or non-STEM disciplines. STEM students tended to exhibit greater skepti-
cism compared to their non-STEM peers, although both groups demonstrated a similar
tendency to question potentially misleading claims. Factors influencing acceptance of
misinformation include knowledge of the issue, information processing skills, and reliance
on media sources [63]. Evaluating the credibility and validity of information is crucial,

’
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with analytically minded individuals being less prone to accepting misinformation [63,64].
Non-STEM students, typically having less prior exposure to scientific claims, often rely on
external sources of scientific information to assess trustworthiness.

Among all the opportunities to provide additional context and information to their
answers, the most common topic mentioned was production agriculture. Consistent
with public concerns about agriculture, the majority of agriculture topics included the
environment and food production or safety [65]. Specifically, the participants reported
misconceptions, misinformation, and opinion-based teaching about genetically modified
agricultural organisms, the use of antibiotics in livestock, exaggerated inputs to climate
change, the use of pesticides, and others. Discussing agriculture outside of agricultural
classrooms is not a unique case. Bias against agriculture, typically in the ethics of consum-
ing meat, is a frequent topic for instructors. Schwitzgebel et al. [9] examined the influence
of instructors on student meat consumption behaviors. In an ethics course, students were
assigned to sections focusing either on unethical meat consumption or charity ethics [9].
Surveys tracked changes in students’ meat-eating habits and dining choices, revealing that
those exposed to meat ethics discussions were more inclined to opt for non-meat alterna-
tives [9]. Similarly, studies evaluating interventions like “nudging” towards plant-blended
burgers or educational methods demonstrated effectiveness in reducing the preference
for all-beef hamburgers compared to control groups [10]. These influences were observed
across both STEM and non-STEM classrooms.

Incorporating science into non-science classrooms is crucial for bridging knowledge
gaps and fostering confidence in future science communication [13,54]. Learning science
communication skills is a foundational component of critical thinking [13,16,54], and in
this study, students prefer interdisciplinary actions for these benefits. However, instructors
need to integrate science into their classrooms to effectively communicate complex topics
to a larger audience.

5. Conclusions, Limitations, and Recommendations

This descriptive research study utilized a mixed-methods approach to systematically
quantify and elucidate graduate students’ perceptions of the credibility of university
instructors. Across diverse STEM and non-STEM disciplines, graduate students reported
encountering or observing instances of misinformation during their academic careers.
Similarly, both groups noted instances of instructor bias in science-related topics, with
non-STEM disciplines reporting higher frequencies compared to STEM disciplines.

However, our study encountered several limitations. Firstly, a larger sample size of
graduate student responses would enhance the breadth and depth of representation [66-68].
Additionally, survey length contributed to a notable rate of incomplete responses due to
respondent fatigue [67,68]. Future research efforts should consider shortening survey dura-
tions to mitigate respondent fatigue and potential bias while facilitating larger sample sizes.

Further investigations are warranted to explore the broader impacts of misinformation
and faculty influence on students. Future research should encompass multiple universities
and student cohorts to longitudinally assess changes in instructor credibility, potential
impairments, and evolving trustworthiness over time. Additionally, interventions aimed at
mitigating bias and misinformation in science education should be systematically evaluated.

The results of the current study reflect the importance of continually measuring student
perceptions and the urgency to put efforts toward mitigating and minimizing bias and
misinformation surrounding science topics at higher education institutions. Such efforts or
interventions may include modules or training in science communication that would be
included in teacher education or faculty development programs. In this study, the sense
of challenge, the feeling of intimidation of the said challenges, the risk of consequences,
and the pressure to conform were measured. Both disciplines had experienced each of the
listed phenomena. Some of the obstacles that graduate students faced also challenged their
trust in these claims. In general, non-STEM graduate students expressed greater trust in
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claims than STEM students, while both groups were equally represented as skeptical that
the claims could be misinformation.
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