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Abstract: Anxiety among graduate students in the United States has increased over the last several decades,
affecting not only their overall mental health but also reducing retention in graduate programs. High teaching
anxiety can negatively impact teacher well-being and student learning, yet teaching anxiety in graduate teaching
assistants (GTAs) is not well studied. Biology GTAs teach most introductory Biology labs and discussions
nationally, thus broadly influencing the quality of undergraduate education. We investigated Biology GTA
teaching anxiety at a large research-intensive university by (1) measuring teaching anxiety of Biology GTAs, and
(2) exploring the relationships between teaching anxiety, self-efficacy, and coping. Using correlation plots and
multiple linear regressions, we found that greater teaching self-efficacy was related to lower teaching anxiety in
Biology GTAs (R?adj=0.65, p<0.001), and coping was positively correlated to self-efficacy. These results suggest
that teaching self-efficacy is important to reducing teaching anxiety, and coping frequency may help to build self-
efficacy. Thus, effective coping may be linked to reduced anxiety via increases in self-efficacy, although these
specific relationships need to be further explored. Although anxiety did not differ significantly among graduate
students in our population, reduced anxiety was linked to direct increases in self-efficacy and indirect increases
in coping. With a rising mental health crisis in academia, particularly among graduate students, these results can
inform teaching professional development for GTAs, by incorporating dialogue about teaching anxiety, self-
efficacy, and coping. Encouraging greater awareness and discussion about mental health issues in academia, we
can further reduce its stigma and mitigate its impacts.

Keywords: Biology Graduate Teaching Assistants (GTAs), Coping strategies, Teaching anxiety,

Teaching self-efficacy.

Introduction

The reported incidence of anxiety in graduate students
in the United States has been rising markedly over the
last several decades (Bair & Haworth, 2004). Graduate
students in the United States are six times more likely
to experience depression and anxiety than the general
public (Evans, Bira, Gastelum, Weiss, & Vanderford,
2018; Levecque, Anseel, De Beuckelaer, Van der
Heyden, & Gisle, 2017). Anxiety is defined as the state
of anticipatory apprehension over possible deleterious
happenings (Bandura, 1988). Anxiety stimulates

physiological responses similar to stress: increased
levels of cortisol, faster heart rate, dilated pupils, etc.
However, these physical changes accompany feelings
of concern or worry over an anticipated event or
outcome that may (or may not) happen in the future
(Pekrun, Frenzel, Goetz, & Perry, 2007). For graduate
students, there may be many specific events in their
degree programs that contribute to feelings of anxiety,
such as interactions with advisors, a new research
technique, or qualifying exams. In this study, we
looked specifically at anxiety that graduate students

feel about teaching, which is a necessary component
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of degree programs for students funded through

graduate teaching assistantships.

Research universities depend on graduate students for
instruction, especially for large enrollment classes
(Sundberg, Armstrong, & Wischusen, 2005). Biology
graduate teaching assistants (GTAs) have been
estimated to teach over 91% of freshman Biology labs
and discussions nationally (Gardner & Jones, 2011;
Prieto & Scheel, 2008; Sundberg et al., 2005).
According to the Longitudinal Study of Future STEM
Scholars (LSFSS, Connolly, Savoy, Lee, & Hill,
2016), which studied more than 3,000 STEM PhD
students over 4 vyears, nearly all (94.9%) taught
undergraduates during their doctoral programs—all
while establishing research projects and navigating
departmental protocols and norms.

Graduate students often teach with little to no prior
pedagogical training (Civikly and Hidalgo, 1992;
Prieto, 1999), primarily relying on their past classroom
experiences to model their teaching (Herrington &
Nakleh, 2003; Lortie, 1975; Oleson & Hora, 2014;
Seung et al., 2012). As a result of this lack of training,
GTAs may experience a lack of confidence about their
teaching (Prieto & Altmaier, 1994), potentially
resulting in teaching anxiety (Pelton, 2014). Teaching
anxiety, therefore, is apprehension which arises
towards any aspect of teaching, such as classroom
management, student evaluations, or grading (Cho,
Kim, Svinicki, & Decker, 2011). Biology GTAs have
reported experiencing different types of anxiety within
graduate school, including research and teaching
anxieties (Chen Musgrove, Petrie, Cooley, &
Schussler, 2021). Given university reliance on GTAs
for teaching, factors that decrease instructional

quality—such as teaching anxiety—may greatly

influence the quality of undergraduate education at the
institution (Cho et al., 2011; Pelton, 2014).

In this study, we explore the anxiety levels of a sample
of graduate GTAS at one research institution as well as
two factors that may impact teaching anxiety. The
literature describes theoretical relationships among
teaching anxiety, self-efficacy, and coping (Bandura,
1988) that we test in our population, along with
potential demographic and background/contextual
influences. Previous studies have investigated GTAs’
self-efficacy (DeChenne, Enochs, & Needham, 2012;
DeChenne, Koziol, Needham, & Enochs, 2015),
graduate student coping with writing (Carter-Veale,
Tull, Rutledge, & Joseph, 2016), and GTA coping
with teaching apprehension (Roach, 2003). To our
knowledge, this study is the first to examine Biology
GTA teaching anxiety, self-efficacy, and coping under

one model.

The Relationship Between Anxiety and Self-
Efficacy

Bandura’s social cognitive theory, particularly
pertaining to self-efficacy, provides a useful
theoretical framework for studying anxiety and coping
in GTAs. Social cognitive theory explains how an
individual’s behavior can be shaped by personal,
behavioral, and environmental influences (Bandura,
1986). A central concept in social cognitive theory is
self-efficacy. Self-efficacy is the belief or confidence
in one’s ability to successfully carry out a specific task
or course of action (Bandura, 1988; Lent, Brown, &
Hackett, 2000). Self-efficacy has been widely studied
within psychology, and more recently within GTAS
(Connolly et al., 2016; DeChenne et al., 2012, 2015;
Reeves et al., 2016).



There are four main mechanisms that build self-
efficacy: 1) mastery experiences, 2) vicarious
experiences, 3) social persuasion, and 4)
emotional/physiological appraisal (Bandura, 1993).
For example, a GTA with many years of teaching
experience has likely gained high teaching self-
efficacy through mastery experiences. As a novice
teacher, she may have chosen to observe an
experienced GTA teach before running her own class
(Lortie, 1975)—an example of building teaching self-
efficacy vicariously. To improve self-efficacy through
social persuasion, a GTA could be persuaded or
convinced by her mentor or trusted friend that she
would be a successful teacher. Lastly, the way an
individual cognitively appraises an experience
(positively or negatively) also influences self-efficacy
for that particular situation. Powerful emotions, such
as anxiety, can alter individuals’ beliefs about their
capabilities (Bandura, 1988; 1993). For example, a
GTA nervous before entering the classroom may
interpret these feelings as a sign of poor future
performance, and thus have low teaching self-efficacy.
All four sources of self-efficacy depend on the
individuals’ cognitive processing related to the
specific task, the context of said task, and self-
assessment of task competence.

According to Tschannen-Moran, Hoy, & Hoy (1998),
teaching self-efficacy, specifically, is a teacher’s
perception of their ability to “organize and execute
courses of action required to successfully accomplish
a specific teaching task in a particular context.”
Teachers with stronger teaching self-efficacy beliefs
often have more efficient classroom management,
planning and organization, demonstrate greater
enthusiasm and commitment, a greater willingness to

try new pedagogical methods, persist in difficult
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teaching-related tasks, and is predictive of positive
student achievement (Klassen & Usher, 2010; Pajares,
2008; Usher & Pajares, 2009; Woolfork Hoy, 2003).
Self-efficacy is a strong predictor of success in a task;
with greater self-efficacy, the more likely the task will

be carried out successfully.

In the college setting, high teaching self-efficacy in
GTAs correlates with strong performance in teaching
(DeChenne et al., 2015). Variables such as previous
teaching experience, perceived quality of GTA
teaching professional development (TPD), total hours
of TPD, and perception of the departmental climate are
significant factors that impact teaching self-efficacy of
STEM GTAs (DeChenne et al., 2015). Other studies
suggest that participating in TPD significantly
increases teaching self-efficacy in GTAs, particularly
for women (Connolly, Lee, & Savoy, 2018; Reeves et
al., 2018). Therefore, we predict GTAs with high self-

efficacy will have low teaching anxiety.

The Relationship Between Anxiety and Coping

Another factor related to anxiety is coping. Coping can
be defined as an individual’s behavioral response(s) to
external stressors, often with the objective to reduce or
tolerate the stress (Carver, Scheier, & Weintraub,
1989; Henry, Shorter, Charkoudian, & Heemstra,
2019; Lazarus, 1993; Shin et al., 2014; Skinner, Edge,
Altman, & Sherwood, 2003). Roach (2003) described
coping as “trying to find some way to deal with or
address [felt] needs or problems.” Coping can be
conceptualized as either (1) adaptive or (2)
maladaptive (Henry et al., 2019). Adaptive coping
helps to advance individuals through problems and
support their well-being (e.g., practice for a
presentation, seek social support); while maladaptive

coping prevents stressors or problems from being
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resolved and can exacerbate threats to well-being (e.g.,
avoid writing tasks, social withdrawal). Coping varies
with the stressor, and some situations can involve both
adaptive and maladaptive coping (e.g., returning to
writing tasks after initial avoidance). With Biology
GTAs experiencing different types of anxieties in
graduate school (Chen Musgrove, Petrie, Cooley, &
Schussler, 2021), effective and specific coping
strategies are essential. Coping strategies to manage
teaching anxiety specifically have been documented
for graduate students (Roach, 2003). Such strategies
can range from cognitive restructuring, positive self-
visualization of teaching, preparing pedagogical
materials, practicing delivery, seeking mentors, etc.
We predict that greater frequency of coping and use of
effective coping strategies should lead to lower
teaching anxiety. Those with higher teaching anxiety
may not cope or may not be using effective coping
strategies. Within the GTA literature, there has been
little research examining coping efficacy and

frequency in relation to teaching anxiety.

Investigating anxiety under this framework, we
recognize the implicit assumption that anxiety is a
negative emotion. However, Yerkes and Dodson
(Yerkes & Dodson, 1908) established a threshold in
which “arousal” or anxiety can actually increase
productivity, and Pekrun et al. (2007) acknowledged
anxiety’s ability to be an activating emotion in terms
of motivation. Pelton (2014) suggested that reducing
all sources of anxiety is not ideal. Thus, too much or
too little anxiety about teaching are both likely
impediments to teaching effectiveness, and to a certain
extent, some level of doubt or lack of confidence may
provide the impetus to improve teaching effectiveness
(Wheatley, 2005). Anxiety can only be motivating and

productive, however, if it is paired with constructive

and effective coping strategies. If the coping is
maladaptive and destructive, anxiety may then have a

negative impact.

Background Influences: Demographics and
Context

Anxiety is not homogenous in a population, and
teaching anxiety is presumably not as well. Some
groups of GTAs (e.g. domestic, experienced) may be
better able to cope with teaching anxiety than other
groups, thereby leading to lower reported anxieties
(Evans et al., 2018; George, Saclarides, & Lubienski,
2018). Differential levels of teaching anxiety can be
the result of several factors, such as teaching
experience level (Miller, Brickman, & Oliver, 2014),
gender (Evans et al., 2018), or student citizenship
status or nationality (George et al., 2018). Because of
this, teaching anxiety will likely differ between some
graduate student sub-populations (such as genders,
racial/ethnic groups, novice vs. experienced GTAs,
international vs. domestic GTAs, etc.); thus, different
groups of students may require unique coping
strategies and resources. For example, women and
other minority groups suffer differential impacts of
mental distress, with 43% and 41% of women in
graduate school reporting anxiety and depression,
respectively, compared to 34% and 35% of men
(Evans et al., 2018). International students in the
United States also report different academic
challenges compared to their domestic counterparts,
such as concern over program structure, career
preparation, and alignment with career goals (George
et al., 2018). Individuals with generalized anxiety
disorder may also represent a unique population in
terms of teaching anxiety. When studying anxiety in

any context, it is important to capture contextual and



demographic variables that may account for
differences in anxiety in certain subgroups of the study

population.

Research Questions

Given the importance of GTAs as university
instructors and the potential for teaching anxiety to
negatively impact teaching quality, this study
investigated graduate student teaching anxiety in a
sample of Biology GTAs at a large research-intensive
university in Fall 2016. We collected and analyzed
data to answer two research questions:

(1) In what ways do GTAs (and certain subgroups of
GTAs) differ in teaching anxiety, teaching self-
efficacy, coping strategies, and coping frequencies?
(2) How do GTA teaching self-efficacy, coping, and
contextual variables relate to teaching anxiety and
each other?

Answering these questions will reveal how teaching
anxiety may vary across a population of GTASs in one
disciplinary area and inform teaching professional
development regarding teaching self-efficacy and

effective coping strategies among GTAs.

Methods

Study Population

Biology GTAs at a large research-intensive
southeastern university were the study population. The
GTAs were recruited from across the Division of
Biology via a listserv of graduate students from three
departments—Ecology & Evolutionary Biology
(EEB), Microbiology (Micro), Biochemistry &
Cellular and Molecular Biology (BCMB)—and one
program, Genome Science & Technology (GST). Of
these, 211 graduate students were enrolled in a
Masters or PhD program. As of Fall 2016,
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approximately 94% of graduate students were seeking
PhDs, and 55% identified as female.

Data Collection

In Fall 2016, an online survey was created, approved
by the Institutional Review Board (IRB-16-03235-
XP), and deployed to Biology graduate students via
the Qualtrics survey software. The e-mail targeted
individuals who were either currently teaching or who
had been a GTA previously. The survey was open for
two weeks at the end of October 2016. We chose mid-
semester to avoid capturing anxieties related to the
beginning of the semester and give GTAs time to
acclimate to their multiple responsibilities that
semester. To encourage participation in the survey, a
small monetary compensation of $5 was offered to
each responding graduate student. Three instruments
with validity evidence were included in the survey to
measure teaching anxiety, teaching self-efficacy, and
coping (DeChenne et al., 2012; Parsons, 1973; Roach,
2003). There were a total of 103 questions (items) in
the survey, with 29 measuring teaching anxiety
(Parsons, 1973), 18 measuring teaching self-efficacy
(DeChenne et al., 2012), and 24 measuring frequency
of the enactment of coping strategies (Roach, 2003)

(see the Appendix for complete survey).

Teaching anxiety was measured using Parson’s 29-
item survey (Parsons, 1973), which was initially
developed to measure teaching anxiety in preservice
K-12 teachers. Evidence for construct validity for this
instrument was gathered by Parsons (1973) using
component analysis. Parsons (1973) recommended the

use of her instrument for individual teachers. Thus, the

survey was adapted for our study population (GTAS)
by changing verbiage addressing “preservice teachers”

to “GTAs”. Participants rated each statement on a 1-5
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scale, with 1 meaning ‘“Never” and 5 meaning
“Always.” For example, one item states, “I feel secure
with regard to my ability to keep a class under
control.” Other items probed GTAs’ feelings about
having control in the classroom, answering student
questions, comparing one’s abilities to others’

teaching, etc.

Self-efficacy was measured using DeChenne et al.’s
self-efficacy survey (DeChenne et al., 2012), which
was developed and used with a GTA population at
another institution. The survey is an 18-item
instrument and items are rated on a 1-5 scale, with 1
meaning “Not confident at all” and 5 meaning “Very
confident” (DeChenne et al., 2012). Two constructs of
teaching self-efficacy were measured via this survey:
learning environment self-efficacy and instructional
self-efficacy. Learning environment self-efficacy (11
items) is related to a teacher’s belief in being able to
promote a positive learning environment via student
participation, encouraging students to ask questions,
engaging students to interact with each other, etc. A
teacher’s instructional self-efficacy (7 items) is related
to their confidence in being able to carry out
“instructional tasks,” for example, a teacher’s belief in
being able to evaluate and assess accurately students’
academic progress, grading appropriately, clearly
identify learning objectives, preparedness to teach, etc.
Evidence for construct and face validity for this
instrument was gathered by De Chenne et al. (2012)
using confirmatory factor analysis (CFA) and seeking
the expertise of “two additional social science faculty
members with knowledge of both social cognitive

theory and instrument design,” respectively.

Coping was measured using Roach’s instrument

(Roach, 2003) that measures the frequency of six types

of coping strategies in response to teaching anxiety:
(1) preparing materials, (2) muscular desensitization,
e.g. breathing deeply or muscular exercises, (3)
cognitive restructuring, e.g. positive thinking, (4)
preparing delivery, (5) visualization, e.g. imagining
successfully teaching the class, and (6) mentoring, e.g.
reaching out to other GTASs or faculty. This instrument
was developed for GTAs across multiple disciplines
and countries of origin to measure how GTAs reduce
anxiety in preparation for teaching their class.
Instrument items were based on techniques for coping
with communication apprehension (Roach, 2003). It
has 24 items with at least two items per construct.
Participants rate the frequency of their coping
activities on a 1-5 scale, with 1 meaning “Never” to 5
meaning “Always” before teaching. For example, an
item from type 3 coping asks participants to rate how
often they “practice saying and thinking positive self-
thoughts about yourself.” This instrument was tested
by Roach (2003) on graduate students across
disciplines, however, evidence for validity was not
provided.

Lastly, there were 32 investigator-created questions,
which captured demographic and other contextual
variables. Four items were to measure general anxiety
(GA) among GTAs and asked participants to rate their
anxiety: “About being a graduate student/the graduate
student experience,” “Being a TA in your most recent
teaching assignment,” “Being a GTA generally,” and
“In your daily life generally.” They responded using a
1-5 Likert scale, with 1 meaning “not anxious” and 5
meaning “very anxious.” Another three items asked
participants about their perceptions of teaching
support from their advisor, department, and institution
on a scale of 1-5, 1 being no support and 5 being very

supportive of teaching. We asked participants to report



the average number of hours they took to prepare for
teaching each week, the number of semesters of GTA
experience (>1 year of GTA experience was
considered “Experienced”), and career aspirations (see
Appendix). Demographic variables such as gender,
ethnicity, department, student citizenship status or

nationality, and degree sought were also included.

Data Analysis

We calculated measures of reliability and validity to
determine whether the teaching anxiety, teaching self-
efficacy, and coping instruments accurately measured
the identified variables for the GTA population.
Reliability measures consistency when a testing
procedure is repeated (Knekta, Runyon, & Eddy,
2019); while validity is a measure of its accuracy in
drawing correct inferences from survey scores
(Reeves & Marbach-Ad, 2016). Two forms of
evidence were used to assure reliability and validity of
the three surveys. First, each instrument was vetted for
this project based on reported reliability scores from
the literature. The teaching anxiety scale had a
reported alpha coefficient 0.93, the self-efficacy
measures an alpha score of 0.90, and the coping
constructs of 0.94 (DeChenne et al., 2012; Parsons,
1973; Roach, 2003). We also calculated Cronbach
alpha scores for our GTA population, which measures
the internal consistency—a type of reliability—of the
items towards the measured construct. Second, content
validity of the teaching anxiety, teaching self-efficacy,
and coping questions were checked based on
professional judgment by experts (one psychology
faculty and 3 biology faculty) as to the appropriateness
of the instrument for the Biology GTA population
(Reeves & Marbach-Ad, 2016). Though confirmatory

factor analysis (CFA) is commonly used to validate
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the use of an instrument with a new population, it
requires a much larger data set than we had available
for this project, so we were not able to conduct this
analysis (Hu & Bentler, 1999; Knekta et al., 2019).

To prepare the teaching anxiety, teaching self-
efficacy, and coping item results for analysis, we
followed the suggested protocol for each instrument.
We summed each individual’s responses to the 29-
items to result in a teaching anxiety score, with half of
the items being reverse scored to adjust for positive
phrasing (Parsons, 1973). An individual could score
between 29 (low anxiety) to 145 (high anxiety) on this
anxiety scale. The scores for the two self-efficacy
constructs were averaged separately, allowing each
participant to have two teaching self-efficacy scores
(learning environment self-efficacy and instructional
self-efficacy). Final scores of each self-efficacy
construct ranged from 1, meaning low self-efficacy, to
5, meaning high self-efficacy (DeChenne et al., 2012).
Lastly, for coping, final summed scores for each type
of coping range from as low as 2 (infrequent use of a
coping strategy) to as high as 45 (frequent use of a
coping strategy), depending on the type (Roach,
2003).

Contextual variables were processed independently
from one another depending on the items. Some
demographic variables were dummy coded, such as
gender (1 = male, 2 = female), ethnicity (0 = non-
white, 1 = white), student citizenship status (domestic
= 1, international = 2), degree program (1 = MS,
2=PhD), department (1 = BCMB, 2 = EEB, 3 = GST,

4 = Micro, 5 = Other), and teaching experience (0

Novice GTA with < 1 year of experience, 1
Experienced GTA with 1 year or more of experience).

The term ‘international student’ is defined as
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individuals enrolled in higher education institutions
who are on temporary student visas and are often non-
native English speakers. The terms, ‘domestic,’
‘local,” or ‘resident students’ refers to students who are
native English speakers residing in their own country
(Andrade, 2006). The investigator-created items for
general anxiety and perceptions of teaching support
were all kept as independent items and not summed or
averaged, as they were not from a validated
instrument.

To address the first research question (examining the
differences in teaching anxiety, teaching self-efficacy
and coping among GTAs) t-tests or one-way Analysis
of Variance (ANOVAs) were used to calculate
differences in teaching anxiety, teaching self-efficacy,
coping, or other survey items between subgroups
(gender, ethnicity, department, citizenship, degree,
experience level) of GTAs from the collected
demographic data. To control for type | errors when
running multiple comparisons, we performed Tukey's
honestly significant difference test (Tukey's HSD).
Researcher-created general anxiety items were
examined as separate items. Descriptive statistics were
also calculated for each of the instruments and/or

items for the entire GTA sample.

To answer the second research question (examining
how teaching anxiety, teaching self-efficacy and
coping relate) two types of statistical models were
developed: bivariate correlations and multiple linear
regressions (MLRs). We computed correlational
analyses to examine the strength and direction of the
relationships between each construct in the study.
These correlations allowed us to initially explore the
relationships between teaching anxiety and other

constructs (teaching self-efficacy, coping, general

anxiety) and the contextual variables. Building on
these analyses, we next developed multiple linear
regressions (MLRs) that included teaching self-
efficacy and coping as predictors within the same
model. The correlations of continuous variables and
those suggested by the literature were used to inform
model development. According to Tabachnick and
Fidell (2007), the primary goal of regression analysis
is often to investigate the relationship between a
dependent variable and several independent variables.
Here, we sought to identify the combined variance in
teaching anxiety that was accounted for when
considering multiple independent variables (e.g.
teaching self-efficacy, coping, demographic, and
contextual variables). The variables that were included
in the initial model before stepwise selection, were the
results from the 3 instruments (teaching anxiety,
teaching self-efficacy, and coping), general anxiety,
teaching support, hours to prepare for teaching, and
demographics. All values from the instruments were
z-scored for comparison. In order to develop models
containing variables that best explained the variance in
teaching anxiety (R%adj), a stepwise selection

procedure was employed.

To compare multiple models and determine the most
parsimonious, a measure called Akaike Information
Criterion (AIC) was calculated (Tabachnick and Fidell
2007). The AIC captures both estimated residual
variance and model complexity in one statistic. If the
amount of residual variance decreases, so does the
AIC score. If excessive parameters are added to the
model, the AIC score increases. The score must be
read in comparison to other models, and the model
with the lowest AIC score is considered the model that
explains the greatest variance of the dependent

variable, while maintaining parsimony. Within each



model, variance inflation factors (VIF) were also
calculated. VIF quantifies how much the variance
within a model is inflated by multicollinear variables
(Tabachnick & Fidell, 2007). If the VIF exceeds 4,
further investigation is needed. If the VIF is greater
than 10, there is multicollinearity between variables
that needs to be corrected (Champernowne, 1972).
All survey analyses were conducted in R version 3.6.0
(R Core Team, 2019).

Results

Eighty-nine graduate students completed the Fall 2016
survey. List-wise deletion of participants was used to
handle missing data when participants failed to answer
more than 5 items in a row. To deal with randomly
missing data, mean substitution was used. The GTA
participants were predominantly white (70%),
domestic (73%), experienced (70%), PhD students
(90%). Participants were evenly split between
genders, with 55% identifying as female (see Table 1).
To compare with the wider GTA pool, as of Fall 2016,
211 graduate students in the Division of Biology were
enrolled in a Masters or Ph.D. program, with 94% of
graduate students seeking a Ph.D., and 55%
identifying as female. We did not have access to
institutional data regarding other demographic
characteristics of these students, so cannot provide
information on ethnicity or other characteristics of the

larger pool.
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Reliability of Instruments

To assess the internal consistency (reliability) of the
hypothesized factors in our data, we calculated
Cronbach alpha among our GTA population. We
found for the teaching anxiety instrument, an alpha
coefficient of 0.93; the teaching self-efficacy
instrument, an alpha coefficient of 0.88 for each
construct; and lastly for the coping instrument alpha
coefficients between 0.60-0.94 (preparing materials o
= 0.60, muscular desensitization a = 0.78, cognitive
restructuring a = 0.81, preparing delivery a = 0.88,
visualization o = 0.94, and mentoring a = 0.80).
Because the preparing materials (Coping 1) construct
had poor reliability scores < 0.7, it was removed from

further analysis.

Teaching Anxiety, Self-Efficacy, and Coping
Among Subgroups

Based on Parson’s (1973) teaching anxiety scale, an
individual could score between 29 and 145. Average
teaching anxiety among the Biology GTAs was 67.4
(£ 16.4 SD), indicating a mid-range level of teaching
anxiety. The minimum teaching anxiety score for the
sample was 32, and maximum was 116 (Figure 1).
Average teaching  self-efficacy scores for both
learning environment and instructional self-efficacy
were 3.9 (£ 0.64 SD), indicating higher than average
perception of self-efficacy in teaching. Average
coping frequency ranged from 3.62 to 23.24
depending on the coping strategy (see Table 2 for
GTA coping averages compared to their potential

range).
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Table 1

Summary of the demographics of Graduate Teaching Assistant (GTA) participants (n = 89 total), the calculated mean
teaching anxiety with standard deviation, and the average self-efficacy scores and standard deviations (SD) across
each subgroup. There were no significant differences in teaching anxiety among subgroups. Self-efficacy is measured
on a 1-5 Likert scale, with 1 being “Not confident at all” and 5 being “Very confident”. Significant differences
(p<0.05) are indicated with stars.

Average SD for Average SD for Average SD for
% of total teaching teaching learning learning instructional  instruction
n participants ~ anxiety anxiety  self- self- self-efficacy  al self-
efficacy  efficacy efficacy
Gender
Male GTAs 40 45 65.8 15.7 3.9 0.55 3.9 0.68
Female GTAs 49 55 69.7 16.5 3.9 0.69 3.9 0.77
Citizenship
Status 65 73 69.0 15.6 3.8 0.61 3.8 0.71
Domestic 24 27 65.1 17.6 3.9 0.66 4.1 0.79
International
Ethnicity
White 63 70 68.9 14.4 3.8 0.57 3.8 0.70
Non-white 26 30 65.5 19.7 3.9 0.76 4.1 0.80
Experience
level
Novice 27 30 71.0 15.7 3.8 0.73 3.6* 0.87
Experienced 62 70 66.6 16.5 3.9 0.58 4.0* 0.64
Degree
MS 9 10 70.0 19.0 4.0 0.47 4.0 0.74
PhD 80 90 67.7 159 3.8 0.65 3.9 0.74
Department
BCMB 25 28 69.2 16.1 3.8 0.59 3.9 0.87
EEB 31 35 66.3 17.0 3.8 0.66 3.8 0.73
GST 9 10 58 15.1 4.2 0.55 4.3 0.64
Micro 23 26 72.6 14.4 3.8 0.60 3.9 0.62

Other 1 1 61 N/A 4.7 N/A 4.3 N/A




Figure 1

Distribution of teaching anxiety of GTA participants
(n =89). There is a relatively bell-shaped distribution
of teaching anxiety in the GTA sample. There were 29
items in the anxiety measure, each rated on a 1-5
Likert scale. An individual could range between 29 to
145 on this anxiety scale, with 29 being the lowest
level of anxiety and 145 being the highest.

Frequency

t Im o

75 100
Anxiety Score

n
L]

Teaching Anxiety: There were no statistical
differences in teaching anxiety between GTAs of
different genders, ethnicities, departments, year of
study, or teaching experience level (Table 1; Figure
2a). However, examining the differences in general
anxiety (not teaching anxiety) among subgroups, we
found that international, non-white students had less
self-reported anxiety in graduate school generally
(t=2.77, p<0.05) and in daily life (t=2.40, p<0.05).

Self-efficacy: There were differences among the
GTAs’ teaching self-efficacy: experienced GTAs had
statistically higher instructional self-efficacy (t=-2.28,
p<0.05) than novice GTAs (Table 1; Figure 2b). This
difference was not found in the learning environment
self-efficacy construct. There were no other
differences in teaching self-efficacy between other

subgroups (Table 1).
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Coping: Comparing differences in coping strategies
between subgroups, we found statistical differences
between student citizenship status subgroups
(domestic vs. international) and Ethnic (white vs. non-
white) groups (Table 2). There was high overlap
between these two subgroups; 91% percent of the
white GTA population were also domestic students,
and 83% of the non-white GTAs were international
students. Because of this overlap, we chose to compare
only ethnicity to further examine trends in coping,
since using both subgroup categories (ethnicity and
citizenship) would be highly redundant. We found
differences between non-white (n=26) and white
(n=63) GTAs (Figure 3). Non-white groups coped
more often than their white counterparts. These coping
strategies included a) muscular desensitization
(t=2.93, p<0.001), b) preparing delivery (t=2.90,
p<0.001), c) visualization of oneself teaching
successfully (t=2.86, p<0.001) and d) seeking
mentoring (t=2.68, p<0.05; for further details about

these coping strategies, see Methods).
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Table 2

Calculated mean, standard deviation, and potential score range of coping strategies along with resulting p-values of t-tests and one-way ANOVAs among
different subgroups within Biology GTAs participants (n=89). Statistical differences were found among student citizenship status and ethnicity categories. Non-
white students had significantly greater coping frequency than white GTAs. Similarly, international students had significantly greater coping frequency than
domestic students. The five types of coping strategies for teaching anxiety kept in the analysis were: (1) muscular desensitization, (2) cognitive restructuring, (3)
preparing delivery, (4) visualization, and (5) mentoring. Coping through preparing materials (Coping 1) was removed after Cronbach’s alpha scores revealed

low reliability.
T-tests ANOVA
Gender Citizenship Ethnicity Experience level Degree
(Male vs. status (Domestic  (White vs. (Novice vs. (MS vs. Department (Across 4
Coping strategy Average SD Range Female) vs. International) Non-white) Experienced) PhD) Biology Departments)
3.62 1.67 2-10
Muscular
desensitization 0.49 0.003** 0.006** 0.26 0.77 0.84
11.99 1.93 5-25
Cognitive
restructuring 0.12 0.03* 0.07 0.56 0.15 0.39
23.24 8.21 9-45
Preparing delivery 0.93 0.03* 0.005** 0.50 0.94 0.93
9.93 5.07 4-20
Visualization 0.58 0.008** 0.006** 0.68 0.48 0.19
Mentoring 11 191 2-10 0.20 0.02* 0.01* 0.22 0.14 0.73

**% = p<0.001; ** = p<0.01; * = p<0.05, . = p<0.1

We provide p-values as a traditional indication of whether differences between the group means is statistically different from zero, and thus, if a relationship
between two or more variables is caused by something other than chance.
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Figure 2

Differences in a) teaching anxiety (t=1.2, ns) and b) instructional self-efficacy (t=-2.3, p<0.05) between novice and
experienced GTAs. Experienced GTAs (x=4.0+0.64) had statistically higher instructional self-efficacy than novice
GTAs (x=3.6x0.87). There were no differences found between Novice and Experienced GTAs for the learning
environment self-efficacy construct.
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Differences in coping between non-white (n=26) and white (n=63) groups. Non-white groups coped more frequently
than their white counterparts for these coping strategies. These coping strategies included a) muscular desensitization
(Ax=1.5, t=2.93, p<0.001), b) preparing delivery ((Ax=5.4, t=2.90, p<0.0001), c) visualization of oneself teaching
successfully (Ax=3.5, t=2.86, p<0.001), d) mentoring (Ax=1.2, t=2.68, p<0.05)
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Correlations of Teaching Anxiety, Teaching Self- correlations with self-efficacy constructs (Figure 4a,

Efficacy, Coping, and General Anxiety r=0.04-0.40, p<0.05).

We next examined correlational relationships among . . .

In correlations between teaching anxiety and
variables as depicted in a correlogram (Figure 4a and
b, R package “corrplot”, Wei & Simko, 2017). These

correlational results reveal associations between

continuous background variables (total semesters of
teaching experience, hours of teaching preparation,
and general anxiety items), we found that general
constructs, which provide a preliminary indication of anxiety had a positive relationship with teaching
anxiety (Figure 4b, r = 0.46-0.67, p<0.05). Total

semesters of teaching experience were also weakly

the notable statistical differences, strength, and the
direction (positive or negative) of these associations.

We found that both constructs of teaching self-efficacy negatively correlated to teaching anxiety (Figure 4b

were significantly and negatively associated with r = -0.24, p<0.05), general anxiety in a GTA’s last

teaching anxiety (Figure 4a, r = -0.59, p<0.05). teaching assignment (Figure 4b, r = -0.29, p<0.05),

Coping strategies had statistically strong to moderate and general anxiety in graduate school (Figure 4b, r

correlations among other coping strategies (Figure 4a, = -0.22, p<0.05).

r = 0.30-0.60, p<0.05) and moderate to weak
Figure 4

Correlograms of bivariate correlations among a) study constructs: teaching anxiety, teaching self-efficacy, and
coping strategies (N=89). Coping 1 to 6 strategies are as follows: preparing materials, muscular desensitization,
cognitive restructuring, preparing delivery, visualization, and mentoring. Coping 1 was taken out because of poor
reliability scores. The second correlogram depicts correlations between b) teaching anxiety and contextual variables
(total semesters of teaching experience, total hours of teaching preparation, and four general anxiety (GA) items
related to general anxiety about being a graduate student, being a TA in a GTA’s most recent teaching assignment,
being a GTA generally, and general anxiety in their daily life). Positive correlations are displayed in blue
and negative correlations in red color. Correlation coefficients are proportional to the color intensity and the size of
the circle. The legend color shows the correlation coefficients according to the corresponding colors. Correlations
with p-value > 0.05 are left blank with no circle.
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Model for Teaching Anxiety

Using multiple linear regressions, we found that both
learning and instructional self-efficacy strongly
predicted GTA teaching anxiety, explaining 66% of
the variance, along with two items measuring general
anxiety: general anxiety as a GTA, and anxiety related
to their last teaching assignment (Table 3a, R%g=
0.66, p <0.001, AIC=164). A second model was
developed removing general anxiety measures, as that
construct was measured using four non-validated
investigator-created questions (Table 3b, R?%.= 0.46,
p <0.001, AIC=208). This second model did not
capture as much variance as the first. For the second
model, the stepwise selection procedure chose 9

variables, 7 of which had statistical weight in

Table 3
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explaining the variance in teaching anxiety. These
variables included both teaching self-efficacy
constructs, teaching experience, and 3 types of coping
measures (coping through preparing delivery,
cognitive restructuring, and mentoring). The last 2
variables included hours of teaching preparation and
feelings of departmental support. This model
explained 46% of variance in teaching anxiety. Both
models of teaching anxiety had no significant
multicollinearity within the model. Comparing models
using the AIC scores, we found that the initial model
with general anxiety included was more parsimonious.
VIF calculations revealed no inflation issues due to

multicollinearity.

Multiple linear regressions were built to a) determine what variables contributed to GTA teaching anxiety in Fall
2016 including general anxiety and b) without general anxiety. Both models explained over 46% of the variance in
teaching anxiety (n=89). The first model is the most parsimonious, with 66% of the variance in teaching anxiety
explained. Instruments were z-scored for teaching anxiety, self-efficacy, and coping scores, to facilitate standardized

comparisons across instruments.

Standardized

Model Predictor Variables gy R?adj p-value  AIC VIF
Coefficient
B e | caming self-efficacy 0,315 0.66 <0001 16439 191
nxiety
Instructional self-efficacy -0.27%** 1.95
Anxiety as a TA In most 0.21* 231
recent teaching assignment
Anxiety as a TA generally 0.30*** 2.26
b) Teaching  Learning self-efficacy -0.24* 0.46 <0.001 20846 212
Anxiety
Instructional self-efficacy -0.36** 2.03
Total semesters teaching -0.04* 1.12
Coping th_rough cognitive 0.18 ns 1.49
restructuring
Coplng through preparing -0.24% 208
delivery
Coping through mentoring 0.24* 1.60
Hours preparing to teach -0.02, ns 1.22
Departmental support -0.13, ns 1.09

**% = p<0.001; ** = p<0.01; * = p<0.05
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Discussions

In answering the research questions related to this
study, we found that teaching self-efficacy plays an
integral role in reducing teaching anxiety in Biology
GTAs at our institution, and that coping frequency
may contribute to building teaching self-efficacy.
Perhaps unsurprisingly, GTA general anxiety was
positively related to teaching anxiety, although those
results should be treated with caution because of the
unvalidated nature of the general anxiety items.
Teaching anxiety appeared as a bell-shaped
distribution in our population, with the majority of
GTAs reporting moderate levels of teaching anxiety.
This teaching anxiety was universal among subgroups,
with similar levels of teaching anxiety across genders,
ethnicities, student citizenship status, and experience
level. Interestingly, what significantly differed among
subgroups was teaching self-efficacy and frequencies
of different coping strategies. Experienced GTAs had
significantly greater instructional self-efficacy than
novice GTAs. Non-whites and international GTAs had
greater coping frequency than their white, domestic
student counterparts. Since we did not find a
significant difference in teaching self-efficacy among
those groups, effective coping strategies may be
contributing to the lack of teaching anxiety
differences.

Teaching Anxiety Levels Were Mostly Similar
Among GTAs, But General Anxiety Differed

Despite evidence suggesting female graduate students
suffer higher rates of general anxiety and depression
than male graduate students (Evans et al., 2018), we
did not find gender differences in teaching anxiety.
Teaching is a role often dominated by women,
especially in primary and secondary education

(Geiger, 2018). Women gravitate toward teaching-
centered occupations more often than men, with
sometimes greater self-efficacy for the task compared
to their male counterparts (Betz & Hackett, 1997;
Zeldin, Britner, & Pajares, 2008). When comparing
how gender role socialization might contribute to
gender differences in self-efficacy and confidence,
Betz and Hackett (1997) found that women
demonstrated significantly greater self-efficacy for
traditionally female occupations and much lower
efficacy for traditionally male occupations compared
to men. These trends in self-efficacy between genders,
however, have not always been consistently observed
(Bailey & Bailey, 2006; Connolly et al., 2018; Schoen
& Winocur, 1988) More recently, when comparing
effects of teaching professional development (TPD)
between genders, (Connolly et al., 2018) found female
graduate students had lower self-efficacy than male
GTAs when both groups lacked any TPD experience.
Interestingly, this gap became significantly smaller as
women became more engaged in TPD activities. In our
study population, GTAs are supported by many TPD
opportunities at the institutional and departmental
level, possibly increasing teaching self-efficacy and
decreasing teaching anxiety in female GTAs (Reeves
et al., 2018). Though we did not explicitly ask about
the intensity of their TPD participation, 70% of the
study participants were experienced GTAs, making
the likelihood of GTASs having participated in TPD
(via CIRTL programs, early-semester orientation or
course preparation meetings, and workshops led by

institutional Teaching and Learning programs) higher.

Though no teaching anxiety differences were found
among other subgroups, international, non-white
students had significantly less general anxiety than

their domestic, white student counterparts. We had



predicted that those not acclimated to Western cultures
and languages would be more anxious teaching
(Bhochhibhoya, Dong, & Branscum, 2017; George et
al., 2018; Mallinckrodt & Leong, 1992; Roach &
Olaniran, 2009), however, our data suggested no
discernable differences between these groups. It is
possible that we did not detect statistical differences
between these groups due to nonresponse bias, where
many of most anxious GTAs may not have responded.
Another reason for this lack of difference may be
because international, non-white GTAs had
significantly greater frequency of coping strategies
than domestic, white GTAs. Therefore, a lack of
teaching anxiety difference between ethnic and
student citizenship status groups may be attributed to
more effective coping strategies employed by
international, non-white GTAs. When Roach and
Olaniran (2009) studied 201 international graduate
students across multiple disciplines, they also found
that international GTAs had low levels of intercultural
communication apprehension or anxiety, expressing a
great willingness to communicate with people from a
different culture (Roach & Olaniran, 2009).

Teaching Self-Efficacy Varies with Experience
Level

Unsurprisingly, experienced GTAs had significantly
higher instructional self-efficacy compared to novice
GTAs. As indicated in the introduction, teaching self-
efficacy may be built by four main mechanisms:
mastery experiences, vicarious experiences, social
persuasion, and emotional or physiological arousal.
Bandura (1978) purported that mastery experience
was the strongest and most influential in building self-
efficacy in a task. Mastery experiences require
individuals to directly encounter and conduct a given

task, therefore GTAs who have greater authentic
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classroom teaching experiences (e.g. guest lecture,
instructor of record, not just a grader), would have
higher teaching self-efficacy. In our study, this
difference in self-efficacy between novice and
experienced GTAs was only found for the
instructional self-efficacy construct. Instructional self-
efficacy is related to activities needed to prepare and
teach a class, while learning environment self-efficacy
focuses on tasks related to promoting and providing a
positive, engaging, and respectful classroom
environment (DeChenne et al., 2012, 2015). Morris
and Usher (2011) studied the teaching self-efficacy of
award-winning professors, and determined that early
successful instructional experiences, which are a
combination of mastery experiences and verbal
persuasions, are important for developing high
teaching self-efficacy. Interestingly, our data reveal
which type of teaching self-efficacy Biology GTAs
appear to build with greater experience initially:

instructional self-efficacy.

Building Greater Teaching Self-Efficacy May
Reduce Teaching Anxiety

Both self-efficacy constructs and general anxiety
significantly contributed to teaching anxiety, with self-
efficacy constructs negatively correlated to teaching
anxiety (i.e., the higher teaching anxiety, the lower the
reported teaching self-efficacy). This relationship
between anxiety and self-efficacy broadly has been
well-established in social cognitive theory. According
to Bandura (1978, 1988) possessing self-efficacy or a
perceived self-efficacy to control potential external
stressors or threats, plays a central role in anxiety
arousal. Individuals who believe they can exercise
control over these potential threats do not have
apprehensive cognitions and thus, are not disturbed by

them. However, individuals who cannot manage or
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perceive they cannot manage potential stressors
experience high levels of anxiety arousal. Bandura
(1988) states that this latter group tends to dwell on
their coping deficiencies and view many aspects of
their environment as holding potential anxiety-
provoking danger. Thus, perceived control or self-
efficacy over a stressor, even if not substantiated in
actuality, reduces anxiety. The question that naturally
emerges from such a result is what then contributes to
building self-efficacy? What Bandura (1988) suggests
is that coping is a type of self-efficacy necessary in

moderating anxiety.

Previous structural equation models have been
developed for teaching self-efficacy constructs for
STEM GTAs (DeChenne et al., 2015). Those models
revealed the importance of K-12 teaching experience,
hours and perceived quality of GTA TPD, and
perception of support by the department in developing
teaching self-efficacy. These models, however, did not
consider how teaching anxiety and alleviating
teaching anxiety through coping may also contribute
to teaching self-efficacy. As the growing evidence
suggests (Cho et al., 2011; Connolly et al., 2018;
Pelton, 2014; Reeves et al., 2018; Williams, 1991),
TPD opportunities allow GTAs to build teaching self-
efficacy and reduce anxiety in teaching. Reeves et al.
(2018) examined the impact of GTA training programs
at three separate institutions and determined that
regardless of the differences in program settings, TPD
was associated with gains in content knowledge and
self-efficacy, and decreases in teaching anxiety. By
advocating for quality TPD opportunities for GTAs,
coping efficacy for teaching anxiety may be

strengthened.

Coping with Teaching Anxiety May Contribute to
Building Teaching Self-Efficacy

Effective coping of a potential stressor or threat must
precede any increase in self-efficacy for a task,
especially if there is anxiety towards said task.
According to Skinner et al. (2003), there are 12
families of coping, which can be further categorized as
adaptive or maladaptive (Henry et al., 2019). Adaptive
coping helps individuals successfully progress
through problems and supports their well-being; while
maladaptive coping prevents stressors or problems
from being solved and can threaten well-being. When
examining which of the families these preparation
coping strategies (i.e., preparing materials and
preparing delivery) align with most, problem-solving
and information-seeking both require planning or
preparing as a response to external stressors. Problem-
solving attempts to resolve the stressor, through
planning and/or enacting a potential solution, while
information-seeking attempts to learn more about the
stressor. Previous research examining how 23 Biology
GTAs coped with teaching anxiety also found that
GTAs relied on mostly adaptive coping strategies
(Chen Musgrove, Cooley, Feiten, Petrie, Schussler,
2021). When comparing coping among subgroups,
along with preparation coping strategies, international,
non-white GTAs also had significantly greater
visualization of oneself successfully teaching. This
strategy could be categorized under Skinner et al.’s
self-reliance family, where cognitive or emotional
regulation is used to perceive the stressor more
positively. Coping through preparing materials,
coping through preparing delivery, and visualization
of oneself successfully teaching, all fall under
adaptive coping (Henry et al., 2019; Skinner et al.,
2003). These types of approach-orientated, adaptive



coping can lead to positive increases of teaching self-

efficacy and reductions in teaching anxiety.

Implications for GTA Professional Identity,
Attrition, and Graduate Student Well-Being

Teaching anxiety is one facet contributing to overall
graduate student well-being. Generally, feelings of
anxiety can escalate into diagnosed anxiety disorder,
which impedes functioning in daily life. The anxieties
graduate students face affect not only their overall
mental health, but also reduce their retention in
graduate programs and academia (Bair & Haworth,
2004; Kinman, 2001; Sheltzer & Smith, 2014; UC
Berkeley Graduate Assembly, 2014). Some of this
anxiety may be attributed to the multiple
responsibilities of graduate students. Graduate
students are professionals-in-training, balancing
simultaneous roles as teachers, researchers, students,
and employees (Muzaka, 2009; Winstone & Moore,
2017).

During graduate school, students are in a state of
transition where they experience a variety of identities
and roles (Kajfez & McNair, 2014; Muzaka, 2009;
Winstone & Moore, 2017); anxiety over role
responsibilities can be expected. Though we have only
addressed anxiety related to teaching, research anxiety
or anxiety related to conflicting roles as a graduate
student has only begun to be studied (Chen Musgrove,
Petrie, Cooley, & Schussler, 2021). Some would argue
that research is the primary identity in which graduate
students must develop during graduate school; with
teaching being perceived, at best, as a resume builder,
and at worst, as a punishment for those unable to
acquire fellowships for teaching releases (Austin &

McDaniels, 2006; Austin & Wulff, 2004). Recent data,

however, suggest that graduate student investment of
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time in TPD may be beneficial even for research
preparation (Shortlidge & Eddy, 2018). Examining
how research anxiety relates to teaching anxiety, how
these anxieties change over time (especially as GTAS
grow in mastery experiences), whether these relate to
intended career (research or teaching focus), and why

GTAs are anxious needs further exploration.

The level of anxiety experienced by individual
graduate students may contribute to who persists in
academic careers and how they perform in their jobs if
they do persist. Non-tenure track faculty, for example,
also report anxiety, depression (Reevy, Deason, Liu,
& State, 2014) and burnout (Coleman, 2012; Shanafelt
et al., 2009). This anxiety can also negatively impact
student learning (Marso & Pigge, 1998; Roach, 2003).
Research on K-12 classrooms has found negative
relationships between teacher anxiety and grading
practices (Marso & Pigge, 1998), rapport and
interpersonal relationships with students (Hagenauer,
Hascher, & Volet, 2015), and academic performance
(Hadley & Dorward, 2011). Equipping our future
Biology faculty with the tools to discuss anxiety and
ways to cope, may improve the success of future
instructional faculty.

Limitations

As with all studies, the results must be interpreted in
light of our limitations. The results of this study are not
generalizable, as we sampled from a self-selected pool
of Biology GTAs from one institution. Three main
methodological limitations also restrict our ability to
generalize results to a wider population, including: 1)
self-reporting of anxiety, 2) using investigator-created
items for general anxiety, and 3) measuring frequency

of coping.
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Critics of measuring teaching anxiety through self-
reporting assert that there is poor evidence to suggest
there is any influence in teaching performance (Coates
& Thoresen, 1976) or it conflates teaching anxiety
with merely “teaching concerns” (Keaveny & Sinclair,
1978). However, teaching anxiety may be perceived to
some extent by an external observer (Marso & Pigge,
1998; Parsons, 1973; Williams, 1991). To test this,
Parson (1973) had 25 preservice teachers score their
own teaching anxiety and then correlated those scores
to ratings provided from teacher supervisors’ after a
teaching observation. They found evidence suggesting
that the teaching anxiety reported on the scale
corresponded to what may be externally perceived
teaching anxiety (r = 0.24-0.54). Though Parsons’
instrument was developed to measure teaching anxiety
in preservice K-12 teachers, her instrument has been
implemented widely in many other K-12 and college
teacher populations with similar distributions of
teaching anxiety across the scale (Marso & Pigge,
1998; Pelton, 2014; Williams, 1991).

The second limitation pertains to the items in which
we measured general anxiety among GTAs. As we
mentioned in the Methods, because our sample size
did not allow for any of our measures to undergo
confirmatory factor analysis (Knekta et al., 2019), we
were unable to even initially test whether the general
anxiety measures we used formed a true “general
anxiety” factor. Thus, although they were useful in
exploring potential relationships between different
types of anxiety, these results should be treated with
caution. Further evidence must be collected to support
general anxiety differences among ethnic and student
citizenship status groups or relationships with teaching

anxiety.

The third limitation involves measuring coping.
Bandura (1988) indicated coping efficacy was an
integral component in exercising control over anxiety
arousal. However, in this study, the instrument we
used measured coping frequency (Roach, 2003).
Though coping frequency can be used as a marker for
coping strategies, it is not equivalent to measuring
efficacy of coping. Roach (2003) agrees that it is
possible that TAs with high teaching anxiety could
spend hours preparing for a class and still be
unsuccessful because of how they prepared or the
efficacy of coping. Roach (2003) suggests that this is
where the GTA supervisor or teaching mentor must
help the GTA make more efficacious coping
decisions. Future work could attempt to capture the
effectiveness of coping strategies enacted instead of

only frequencies.

Conclusions
To tackle the anxiety epidemic in academia,
particularly in regards to graduate student teaching,
there must be opportunities for self-efficacy to be built
and anxiety to be reduced. TPD activities or training
opportunities for GTAs pose a tangible, effective
method for institutions and departments to consider to
help reduce teaching anxiety and increase teaching
self-efficacy. TPD workshops may also provide
efficacious coping strategies to regulate external
stressors which cause teaching anxiety, especially to
particular graduate student subgroups. We suggest
further research to explore whether lack of teaching
anxiety differences among gender and ethnic
subgroups may be attributed to TPD. We also suggest
that studies looking at the long-term impacts of TPD
on GTA teaching anxiety are needed, including how
teaching anxiety may change for GTAs as they

proceed through graduate school. Projects focused on
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the efficacy of factors or modules included in GTA productively increase coping strategies, decrease
TPD programs, such as the Biology Teaching teaching anxiety, and maximize teaching self-efficacy
Assistant Program (BioTAP) or the Longitudinal of graduate students in ways that increase the overall
Study of Future STEM Scholars (LSFSS), can further teaching quality of these important institutional
the scholarship necessary to suggest ways to instructors.
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Appendix

Survey provided to Biology GTAs in Fall 2016. Questions 16 and 17 measure teaching self-efficacy; questions 18-
20 measure teaching anxiety; and questions 21-22 measure coping with teaching anxiety. Shading on rows indicates
the last question of a block of items.

Q2 This survey is restricted to graduate students who have been a GTA who has served as an instructor in the
classroom (e.g. not just grading or lab prep) either at the University of Tennessee or at another institution. Do you
meet this criteria?

O Yes (1)
O No (2)

Q3 Currently, are you a Teaching Assistant (TA)?

O Yes (1)
O No (2)

Display This Question:
If Currently, are you a Teaching Assistant (TA)? = Yes

Q4 What course are you teaching?

Display This Question:
If Currently, are you a Teaching Assistant (TA)? = Yes
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Q5 What is your main responsibility as a TA in this course?

O Instructor with grading (1)

Q Instructor without grading (2)
Q Graderonly (3)

4 Other (4)

Q6 Have you been a TA in previous semesters? This applies to other institutions as well.

O Yes (1)
O No (2

Q7 What role have you predominantly served as a TA over these years?

O Instructor with grading (1)
O Instructor without grading (2)
O Graderonly (3)

O Other (4)

Q8 Counting this semester, how many semesters of teaching experience do you have at UTK? (please enter in
numeric form)

Q9 Counting this semester, how many total semesters of teaching experience do you have from any university? (if
different from above)
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Q10 How many total different courses have you taught in total? (if different from above)

Q11 On average, how much time (in hours) do you spend preparing to teach each week for your current or most
recent TA assignment? Note: This does not include the TA prep meetings.

Q12 Typically, how many days in advance do you begin to prepare for your class each week? i.e. read lab material,
write notes, design a powerpoint, etc.

O <lday (1)
O 1(2

O 2 (3

O 3@

O 4 (5

O >4days (6)
O

| don't prepare (7)

Q13 Typically, how much time (in minutes) in advance do you arrive in the classroom/lab to teach?
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Q14 Whom do you talk to about preparing to teach your class/lab?

Q My labmates (1)

My fellow TAs from that same course (2)
Head TA from that same course (9)
Other TAs from other courses (3)

Lab coordinator (4)

My advisor (5)

Course director (6)

No one (7)

Other (8)

Q15 Do you usually share ideas and resources (i.e. notes, powerpoints, grading tips) with your fellow TAs?

O Yes (1)
O No (2)
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Promote student

participation in my 0O ®) @) O ©)
classes. (1)

Make students aware
that | have a personal
investment in them and ©) O O O O
in their learning. (2)
Create a positive
classroom climate for 0O o o 'e) 0O
learning. (3)
Think of my students
as active learners,
which is to say
knowledge builders ©) ©) O O ©)
rather than information
receivers. (4)
Encourage my students
to ask questions during 9) e) 0) 0] 9)
class. (5)
Actively engage my
students in the learning
activities that are
included in the O O O O O
teaching plan/syllabus.
©
Promote a positive
attitude towards
learning in my ©) O O O O
students. (7)
Provide
support/encouragement
to students who are 0O O o o) O
having difficulty
learning. (8)
Encourage the students
to interact with each ®) 9) 0) e) 0)
other. (9)
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Show my students
respect through my
actions. (10)
Let students take
initiative for their
own learning. (11)
Appropriately
grade my students’
exams/assignments.
(12)
Evaluate accurately
my students’
academic
capabilities. (13)
Prepare the
teaching materials |
will use. (14)
Spend the time
necessary to plan
my classes. (15)
Clearly identify the
course objectives.
(16)
Provide my
students with
detailed feedback
about their
academic progress.
(17)

Stay current in my
knowledge of the
subject | am
teaching. (18)
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| feel calm and
collected when |
think about
meeting with a O O O O O
student for
office hours. (1)
If I have trouble
answering a
student's
question | find it
difficult to O O O O O
concentrate on
questions that
follow. (2)
| feel
uncomfortable
when | speak 9) o 0 o 0o
before a group.
3
| feel calm when
| am preparing e) 0O o o 0O
lessons. (4)
I'm worried

whether | can be
a good teacher. O O O O @)
()
| feel sure 1 will
find teaching a
satisfying O O O O O
profession. (6)
I would feel
calm and
collected being e) 0O o o 0O
observed in my
classroom. (7)
| feel inferior to
other GTAs who 'e) 'e) e) 'e) 'e)
are teaching. (8)
| feel that
students will
follow my O O O O O
instructions. (9)
| feel secure
with regard to
my ability to
keep a class O O O O O
under control.
(10)
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I'm less happy
teaching than |
thought I'd be.
(11)
| feel nervous
when | am
being observed
by my college
supervisor. (12)
| feel confident
about my ability
to improvise in
the classroom.
(13)
| feel other
teachers think
I'm very
competent. (14)
| feel panicky
when a student
asks me a
question | can't
answer. (15)
| feel anxious
because | don't
know yet
whether 1 really
want to be a
teacher. (16)
| feel better
prepared for
teaching than
other TAs. (17)
Lack of good
rapport with my
students is one
of my biggest
worries. (18)

I would feel
anxious if the
course director
came to observe
my class (19)

| find it easy to
speak up in the
lab preparation
meetings. (20)

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
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I worry about
being able to
keep the
students 9) e} o 0O o)
interested in
what | teach
them. (21)
| find it easy to
admit to the
class that | don't
know the
answer to a (@) (@) @) O O
question a
student asks.
(22)
Deciding how to
present
information in
the classroom O O O O O
makes me feel
uncertain. (23)
| feel I will have
good recall of
the things |
know when | am O O @) O O
in front of the
class. (24)
| feel I am as
competent in the
classroom as
other TAs in my © © O O O
program. (25)
I'm concerned
about how to
use my testing
of students as a
useful indication o) o) 'e) e) e)
of how
effectively I'm
teaching them.
(26)

I'm worried that
differences in
background
between my
students and me O O @) O O
prevent me from
teaching
effectively. (27)
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I am certain that
my own
personal "hang-
ups" do not
hinder my
teaching
effectiveness.
(28)

I'm uncertain
whether | can
tell the
difference
between really
seriously
disturbed
students and
those who are
merely "goofing
off" in class.

(29)
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Spend significant
time making sure
you really know e) O o 0O o)
the lesson/course
content. (1)
Spend significant
time engaging in
procedures for deep 'e) o o 0O )
muscular
relaxation. (2)
Spend significant
time visualizing
participating in
different e) O o 0 0O
communication
situations while in
deep relaxation. (3)
Spend time going
over and over the 'e) o o 0 )
class material. (4)
Spend specific time
identifying
negative
statements/thoughts O O O O O
you have about
yourself. (5)
Spend significant
attention and effort
toward eliminating
your irrational and O O O O O
negative self
thoughts. (6)
Spend specific time
replacing your
negative self
thoughts with O O O O O
positive self
thoughts. (7)
Practice saying and
thinking positive
self thoughts about O O O O O
yourself. (8)
Practice actually
what you are going
to say to your O O O O O

students. (9)
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Practice how you
are going to say
what you are going
to say to your
students. (10)
Practice actually
delivering your
entire lesson. (11)

Practice making
your voice loud

enough to be heard.

(12)

O O
O O
O O
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Practice moving
around the room

while you teach. ©) O O @) O
(13)
Practice
maintaining
good eye O O ©) ©) ©)

contact. (14)
Practice making
your voice

varied in pitch O O O O O
and rate. (15)
Practice
gesturing and
moving around O O O @) O

the room. (16)
Examine your
delivery
weaknesses and
practice making O O O O O
these better.
17)
Practice
thinking
positively about
teaching in front ©) O O O O
of your students.
(18)
Visualize
yourself

successfully e) o 0 ) o
teaching your
class. (19)
Visualize
students
positively
responding to O ) ) @) O
your teaching.
(20)
Picture yourself
successfully
going through e) o 0 ) o
an entire class
day. (21)
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Visualize
yourself as full
of energy and
confidence as
you approach
and teach your
class. (22)
Spend extra
time talking to
experienced
TAs and Faculty
regarding how
to teach well.
(23)

Spend extra
time talking to
the course
director or TA
supervisor about
how to teach
well. (24)

Q23 Let's assume teaching and research together represent 100% of your work time, what percent do you spend

doing each? Note: Answers must total 100.

Teaching (preparation and grading, etc.) :

Research :

Total :

€]

O]

Q24 1f you could choose the percent of time you spent on teaching and research, what would it be? Note: Answers

must total 100.

Teaching (preparation and grading, etc.) :

Research :

Total :

@

@
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Q25 On a scale from 1 (Not supportive) to 5 (Very supportive), please rate:

®How
supportive you
think your
department is of O O O O O
graduate student
teaching. (4)

Q26 On a scale from 1 (Not anxious) to 5 (Very anxious), how anxious are you:

About being a
graduate
student/the
graduate student O O O O @)
experience
(Q22_1)
Beinga TA in
your most recent

teaching o) o) e) o 0O
assignment

(Q22_2)
Beinga TA

generally

022 3) (@) @) @) @) ©)
In your daily

life generally
Q22 4) (@) @) ©) @) @)
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Q27 Generally, how do you cope with anxiety?

Q28 Please state your age.

Q29 What is your gender?

O Male (1)
O Female (2)
O Open response (3)

Q30 What is your racial/ethnic identity?

Q31 Please state your residency status. If you are an international student, please include your home country.

O Domestic student (1)

O International student (2)
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Q32 What graduate degree are you pursuing?
O Master's (1)
O PhD (2)
O Other (3)

Q33 What year of the degree program are you in?
O 1@

O 2(

O 3@

O 44

O >4 (5

Q34 What department/program are you affiliated with?
O Biochemistry & Cellular and Molecular Biology (BCMB) (1)
Ecology & Evolutionary Biology (EEB) (2)
Genome Science & Technology (GST) (3)
Microbiology (4)
Other (5)

O O O O

Q35 Please state your unique UTK NetID (i.e. jdoe21).

Q36 Are you interested in volunteering to participate in a brief follow-up interview?

(Note: Participants for the interview will also be compensated for their time!)

O Yes (1)
O No (2)
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Display This Question:
If Are you interested in volunteering to participate in a brief follow-up interview? (Note: Partici... = Yes

Q37 Please enter your name and institutional email below. Your willingness to participate is very much
appreciated!

O Name (5)
O Email (6)

Corresponding Author Contact Information:
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