
CBE—Life Sciences Education  •  17:ar8, 1–13, Spring 2018	 17:ar8, 1

ARTICLE

ABSTRACT
Graduate teaching assistants (GTAs) play important instructional roles in introductory 
science courses, yet they often have little training in pedagogy. The most common form 
of teaching professional development (PD) for GTAs is a presemester workshop held at the 
course, department, or college level. In this study, we compare the effectiveness of prese-
mester workshops at three northeastern research universities, each of which incorporated 
scientific teaching as the pedagogical content framework. The comparison of GTA PD pro-
gram outcomes at three different institutions is intended to test theoretical assertions about 
the key role of contextual factors in GTA PD efficacy. Pretest and posttest surveys were used 
to assess changes in GTA teaching self-efficacy and anxiety following the workshops, and 
an objective test was used to assess pedagogical knowledge. Analysis of pretest/posttest 
data revealed statistically significant gains in GTA teaching self-efficacy and pedagogical 
knowledge and reductions in teaching anxiety across sites. Changes in teaching anxiety and 
self-efficacy, but not pedagogical knowledge, differed by training program. Student ratings 
of GTAs at two sites showed that students had positive perceptions of GTAs in all teaching di-
mensions, and relatively small differences in student ratings of GTAs were observed between 
institutions. Divergent findings for some outcome variables suggest that program efficacy 
was influenced as hypothesized by contextual factors such as GTA teaching experience.

INTRODUCTION
Professional development (PD) has been shown to positively affect the characteristics of 
teachers, leading to improvements in both teaching practices and student outcomes 
(reviewed in Reeves et al., 2016). Although continuing PD is now an established feature 
of K–12 education, PD is a much less consistent feature in the preparation of faculty to 
teach undergraduate courses in science, technology, engineering, and mathematics 
(STEM). Faculty in STEM disciplines often report that they received little or no formal 
pedagogical training outside the training that prepared them for roles as graduate teach-
ing assistants (GTAs; Tanner and Allen, 2006). The effectiveness of PD for GTAs therefore 
has far-reaching implications for student learning. In addition to potential future roles as 
faculty members, GTAs are directly responsible for much of the instruction in introduc-
tory STEM courses at many research universities (Sundberg et al., 2005; Schussler et al., 
2015). Fortunately, the importance of PD programs for GTAs is increasingly recognized 
by universities. A 2013 survey of 71 biology programs (Schussler et al., 2015) revealed 
that 96% of institutions provided some kind of mandatory GTA training.
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By their very nature, GTA course assignments are transitory, 
and introductory laboratory courses are often taught by GTAs 
with varied research and teaching experiences. GTAs must also 
balance their teaching responsibilities with their research activ-
ities, and they may encounter some pressure to minimize the 
time spent on teaching (Austin, 2002; Gardner and Jones, 
2011; DeChenne et al., 2012; Hardré and Burris, 2012). The 
literature suggests that GTAs in STEM disciplines can gain 
pedagogical knowledge with a variety of different approaches 
to PD. GTAs have been reported to gain knowledge about teach-
ing and learning by participating in presemester workshops 
(Pentecost et al., 2012; Bauer et al., 2013), course-specific 
weekly meetings (Wyse et al., 2014), mentoring relationships 
with experienced teachers (Bond-Robinson and Rodriques, 
2006; Page et al., 2011), and seminar courses on pedagogy 
(Hammrich, 2001; Baumgartner, 2007; Sales et al., 2007; 
Miller et al. 2008; Marbach-Ad et al., 2012). Primary responsi-
bility for PD programs may be relegated to course instructors, 
while departments or centers for teaching and learning may 
assume this responsibility at other institutions.

The existing literature on the design of GTA PD includes 
reports on program content, structure, and activities. With 
respect to PD content, PD programs have covered topics such as 
assessment, pedagogical methods, policies and procedures, and 
multicultural issues (e.g., Luft et al., 2004; Prieto et al., 2007). 
With respect to PD structure, GTA PD programs have often taken 
the form of a onetime workshop (Gardner and Jones, 2011; 
Schussler et al., 2015). Other designs or design elements, such 
as GTA mentoring or receipt of teaching feedback, are much less 
common (Austin, 2002; DeChenne et al., 2012). With respect to 
PD activities, prior research has examined the effectiveness of 
activities such as microteaching (Gilreath and Slater, 1994) and 
teaching skits (Marbach-Ad et al., 2012). The literature suggests 
that some PD design variables (e.g., training length) positively 
enhance changes in GTA cognition (e.g., Prieto and Meyers, 
1999; Hardré, 2003; Young and Bippus, 2008).

Scientific Teaching
A prominent pedagogical content framework for undergradu-
ate STEM teaching–related PD, including the PD of GTAs, is that 
of scientific teaching (ST; Handelsman et al., 2007; Couch et al., 
2015). The ST framework distills evidence-based educational 
practices and principles into an abbreviated format for college 
STEM instructors who have little or no pedagogical training, 
drawing instead on their experiences as scientists. Toward this 
end, ST draws parallels between lab research approaches and 
teaching. Instructors engaged in ST draw from the available 
evidence base to hypothesize teaching approaches or interven-
tions that will be effective, and subsequently collect and ana-
lyze student outcome data to test their hypotheses.

ST emphasizes three core principles: active learning, assess-
ment, and diversity. ST has been used effectively as the curricu-
lum at the National Academy of Sciences Summer Institutes 
(now Summer Institutes on Scientific Teaching) to train more 
than 1500 undergraduate STEM educators. Research has shown 
lasting changes in participants’ reported instructional practices 
over a 2-year period (Pfund et al., 2009), although self-reported 
instructional practices may not necessarily cohere with those 
observed through observation (Ebert-May et al., 2011). ST has 
also been used as the framework for a seminar course for gradu-

ate students who aspired to future faculty positions (Miller et al., 
2008). There are only a few published examples of ST being 
explicitly integrated into PD for GTAs assigned to STEM courses. 
In a pilot study, Chen et al. (2013) conducted an ST-based work-
shop for GTAs who were teaching a laboratory course in anatomy 
and physiology (A&P). Students in the A&P lab class reported 
higher learning gains than students in a similar A&P lab class in 
which GTAs had not received ST training, suggesting that ST 
training improved instructional practices. Course observers also 
noted enhanced use of learner-centered approaches (e.g., group 
discussion) in sections led by ST-trained GTAs. The results could 
only be considered preliminary, however, due to differences in 
the course structures and student populations. Wyse et al. (2014) 
incorporated ST training for GTAs as part of a major restructur-
ing of an introductory lab class. In that study, analysis of struc-
tured observation data indicated that GTAs in the reformed 
course demonstrated improved teaching skills. In the present 
study, we report on and compare the effectiveness of three PD 
programs for GTAs assigned to introductory STEM courses—all 
of which infused the principles of ST (Handelsman et al., 2007).

Conceptual Framework
The present study is grounded in the recent conceptual frame-
work advanced by Reeves et al. (2016) for GTA PD research and 
evaluation studies (see Figure 1), which was itself informed 
by earlier-cited work by DeChenne et al. (2015) and Hardré 
(2003). The framework articulates three key PD program out-
comes variables: GTA cognition; GTA teaching practice; and 
undergraduate student outcomes. The PD outcome of GTA cog-
nition pertains to cognitive changes in GTAs’ knowledge, skills, 
and attitudes toward or beliefs about teaching that directly result 
from the GTA PD. GTA teaching practice concerns GTAs’ behav-
ior related to planning, instruction, and assessment. Undergrad-
uate student outcomes center on gains in knowledge and skills 
achieved by students of GTAs, as well as more distal student 
outcomes such as retention and graduation. The framework pos-
its that these outcome variable categories are linearly (sequen-
tially) related, in that PD directly impacts GTA cognition, which 
in turn impacts GTA teaching practice, which then impacts 
undergraduate student outcomes. It is also worth pointing out 
that the relationships posited are probabilistic rather than wholly 
deterministic; indeed, prior K–12 research indicates that a teach-
er’s cognition (e.g., attitudes) is not always in alignment with his 
or her practice (Crawford, 1999; Luft et al., 2011).

Of the three GTA program outcomes within the framework, 
the first (GTA cognition) has been examined most often in GTA 
evaluation and research. For instance, various studies have 
reported evidence for a relationship between participation in 
PD and GTA knowledge, self-efficacy, and/or anxiety (Hardré, 
2003; Harris et al., 2009; DeChenne et al., 2012, 2015; Bauer 
et al., 2013; Pelton, 2014). The relationship between PD and 
GTA instructional planning, delivery, and assessment (GTA 
teaching practice) has also been examined (Baumgartner, 
2007; Marbach-Ad et al., 2012; Chen et al., 2013; Wyse et al., 
2014). In several posttest-only studies, GTAs reported that their 
instructional practices improved with the training; or that they 
implemented practices taught during the training (Baumgart-
ner, 2007; Hardré and Burris, 2012; Pentecost et al., 2012).

However, GTAs’ actual implementation of training content 
is not always straightforward. Addy and Blanchard (2010) 
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observed inconsistent effects of PD when they assessed the 
teaching practices of biology GTAs using the Reformed Teaching 
Observation Protocol (Sawada et al., 2002). Some GTA teach-
ing practices were in accord with the specific GTA PD program, 
while others were not. The authors suggested that the con-
straints of teaching within a laboratory context with a highly 
procedural structure might have explained this discrepancy. 
Bond-Robinson and Rodriquez (2006) demonstrated large 
GTA-to-GTA variation even after participation in PD.

The undergraduate student outcomes of GTA PD are less 
often examined, although the Chen et al. (2013) study cited 
earlier provided some evidence for higher learning gains among 
students taught by trained GTAs. In the present study, we exam-
ine the relationship between PD participation and changes in 
two outcome categories within the framework: GTA cognition 
(by way of self-reported self-efficacy, anxiety, and pedagogical 
knowledge measures) and GTA practice (by way of student 
ratings of instruction).

FIGURE 1.  Conceptual framework for research and evaluation related to GTA PD. Framework shows relationships among graduate 
teaching assistant (GTA) teaching professional development (PD) outcome variables (blue), contextual variables (yellow), and moderating 
variables (green). The framework contains three main categories of outcomes at two levels: GTA and undergraduate student. These 
impacts (blue) are linearly (sequentially) related: GTA cognition; GTA teaching practice; and undergraduate student outcomes. GTA 
cognition pertains to GTAs’ knowledge, skills, attitudes, or beliefs about teaching. GTA teaching practice concerns the GTAs’ approach to 
planning, instruction, and assessment. Undergraduate student outcomes center on the GTAs’ students’ knowledge and skills, as well as 
more distal student outcomes such as retention and graduation. The framework supposes that GTA PD directly promotes changes in GTA 
cognition, which in turn impacts their instructional behavior (GTA teaching practice) and subsequent outcomes for undergraduates 
(undergraduate student outcomes). The framework contains three categories of contextual variables (yellow): GTA training design, 
institutional, and GTA characteristics. GTA training design variables pertain to the nature of the GTA training, and are hypothesized to drive 
the most direct outcomes of GTA PD: GTA cognition. Institutional and GTA characteristic variables are hypothesized to have effects on GTA 
training design. GTA characteristics are also hypothesized to directly impact GTA cognition (e.g., knowledge/skills, attitudes, and beliefs), 
as well as GTA teaching practice, independent of PD (Enochs and Riggs, 1990). The final category of variables in the framework are 
moderating variables, that is, variables that impact or modify the relationship between two other variables (in this case, the relationship 
between GTA training design and GTA cognition). The framework invokes Dane and Schneider’s (1998) implementation concepts of 
program adherence, exposure, and participant responsiveness. The framework secondly includes GTA characteristics as moderators of the 
relationship between GTA training design and GTA cognition, given that some GTAs may change more than others during PD. GTA 
characteristics serve as both contextual variables and moderating variables in the model. Reproduced with permission from Reeves et al. 
(2016). We include GTA attitudes toward teaching as both an example GTA characteristic variable and an example outcome variable 
(specifically GTA cognition variable), because GTA attitudes toward teaching can have effects on GTA training design and the relationship 
between GTA training design and GTA cognition and also represent a potential cognitive change in GTAs that directly results from PD.
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The GTA PD framework also highlights the importance of con-
textual variables (Tanner and Allen, 2006; Gardner and Jones, 
2011; DeChenne et al., 2012, 2015; Schussler et al., 2015) that 
may impact the effectiveness of GTA PD and that are necessary to 
consider when comparing results across programs. These include 
variables associated with GTA training design, institutional set-
ting, and GTA characteristics. In the framework, GTA training 
design variables (e.g., content, structure, and activities) affect the 
degree to which PD changes GTA cognition. Indeed, there is con-
siderable variation in the design of GTA PD programs, which can 
differ significantly in their duration (e.g., number of hours) and 
structure (e.g., presemester workshop; Schussler et al., 2015). 
The framework also includes institutional variables such as insti-
tutional type, culture, size, student body characteristics, and pol-
icy training requirements, which may influence the nature of the 
PD provided to GTAs (Park, 2004; Schussler et al., 2015). GTA 
characteristic variables in the framework reflect the fact that the 
characteristics of GTAs themselves (e.g., prior teaching experi-
ence) can impact the design of GTA training.

Finally, the framework also includes two categories of mod-
erator variables, or variables that affect or are related to rela-
tionships among other variables: implementation variables 
and GTA characteristic variables. Inclusion of implementation 
variables as moderators reflects the fact that the impact of a 
given GTA program hinges on its successful implementation 
(Stains and Vickrey, 2017). The inclusion of GTA characteristic 
variables as moderators reflects the fact that GTAs may respond 
differently to a training, based on their characteristics, such 
as prior teaching experience (Addy and Blanchard, 2010; 
Marbach-Ad et al., 2012; DeChenne et al., 2015). Indeed, stud-
ies by Hardré and Chen (2005) and French and Russell (2002) 
found that prior teaching knowledge and/or experience were 
related to implementation of training content (implying differ-
ential changes in their cognition). It is the latter hypothesis of 
the framework—that contextual variables such as GTA charac-
teristics can affect the degree to which a given PD program 
promotes successive changes in GTA cognition and teaching 
practice—that primarily motivates the present study.

The Importance of Multidimensional Evaluation of GTA PD
In response to arguments for multidimensional evaluation of 
GTA PD (Wyse et al., 2014) and theory on how GTA PD operates 
(Reeves et al., 2016), several outcome variables were considered 
in this analysis of ST-infused GTA PD programs. In addition to 
GTA pedagogical knowledge and instructional practice, we par-
ticularly investigated changes in GTA teaching self-efficacy and 
teaching anxiety, given their importance in social cognitive the-
ory. Social cognitive theory predicts that self-efficacy, defined as 
“beliefs in one’s capabilities to organize and execute courses of 
action required to produce given attainments” (Bandura, 1997), 
affects behavior. A large body of K–12 research supports social 
cognitive theory, demonstrating a positive relationship between 
teacher self-efficacy and student achievement (e.g., Caprara 
et al., 2006).1 Other research has highlighted the importance of 
teacher beliefs, including self-efficacy beliefs, in science teaching 

specifically (Enochs and Riggs, 1990). The effect of PD on GTA 
teaching self-efficacy has been investigated in several studies 
with a variety of qualitative and quantitative methods, including 
interviews, surveys, pre/posttests, and/or observations (Hardré, 
2003; Harris et al., 2009; DeChenne et al., 2012, 2015; Bauer 
et al., 2013). Consistent with social cognitive theory, these stud-
ies generally found that self-efficacy was positively correlated 
with PD participation. Drawing from this literature, DeChenne 
et al. (2015) constructed a model that identified GTA PD, 
together with teaching experience and the departmental climate, 
as major sources of GTA teaching self-efficacy. While this study 
found that K–12 teaching experience rather than GTA teaching 
experience was associated with teaching self-efficacy, other 
studies have linked the latter with teaching self-efficacy as well 
(Prieto and Altmaier, 1994). Finally, based on her comparison of 
control and trained GTA groups, Hardré (2003) posited that GTA 
training affects knowledge, which in turn affects both teaching 
self-efficacy and instructional practice.

Anxiety about teaching has been demonstrably related to 
teaching behavior in K–12 settings (Coates and Thoreson, 
1976), but has received less attention in research on GTA train-
ing programs. In one study of sociology GTAs, Pelton (2014) 
used precourse and postcourse evaluations to measure the 
effect of a teaching seminar on GTA anxiety. Sociology GTAs 
who completed the 6-week seminar reported both significant 
reductions in anxiety and increases in confidence. In another 
large quantitative survey of GTAs at a research university, Cho 
et al. (2011) identified and categorized a variety of GTA con-
cerns that might produce anxiety. Chief GTA concerns included 
class control, external evaluation, teaching tasks, student 
impact, and time management. Several of these concerns were 
found to be associated with GTA confidence.

Present Study
In this study, we investigated how GTA training programs at 
three northeastern research universities prepared GTAs to teach 
sections of large introductory science classes. The PD programs 
at all three institutions were anchored in a common pedagogi-
cal content framework: scientific teaching (Handelsman et al., 
2007). All of the programs also entailed a presemester work-
shop, a popular model for GTA PD programs (Schussler et al., 
2015). Given cross-institutional differences in institutional 
characteristics and GTA characteristics, there were some varia-
tions in the designs of the three PD training programs (as is 
hypothesized by the GTA PD framework; Figure 1). In particu-
lar, we systematically compared the outcomes of these three 
GTA PD programs to understand the role of contextual charac-
teristics in GTA PD impact. In doing so, this study affords testing 
of the GTA PD framework, specifically its assertion that the 
effects of participation in PD will likely vary as a function of 
contextual factors, notably the characteristics of GTAs. The 
study focused on the following research question: To what 
extent do changes in GTA self-efficacy, anxiety, and pedagogical 
knowledge, as well as GTA instructional practices, vary across 
ST GTA PD programs at three different institutions?

METHODS
We employed a pretest–posttest pre-experimental design involv-
ing treatment implementation at the three sites during the Fall 
semester of 2012 and the Spring semester of 2013. We used 

1While Bandura’s (1977) social cognitive theory also positions outcome expec-
tancy—the belief that a behavior will promote a specific outcome—as another 
important determinant of behavior; that variable was not considered in the 
present study.
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quantitative data collected from GTAs and undergraduate 
students to describe and compare changes in GTAs’ teaching 
self-efficacy, teaching anxiety, and pedagogical knowledge 
during the PD programs, and GTAs’ instructional practices 
related to the training. Each university’s institutional review 
board approved the research. All data were maintained and are 
reported here anonymously.

Institutional Context
GTAs at all three sites were being prepared to teach sections of 
introductory laboratory courses. Each of the training programs 
began with a precourse teaching workshop of approximately 
12 hours in length over 2–3 days. At least one instructor at each 
site had attended or facilitated a Summer Institute on Scientific 
Teaching, which provided a model for ST activities that could be 
incorporated into GTA training. Workshop directors from 
the three sites met twice and shared ideas in advance of the 
Fall training workshops, but there was no attempt to fully stan-
dardize the workshops. All workshops included training in the ST 
framework by emphasizing active learning, diversity, and assess-
ment. Specific activities, however, varied among programs.

At Universities A and B, workshops were led by laboratory 
course instructors and the participants included GTAs with vari-
ous degrees of experience. GTAs at University A were all doctoral 
students with previous teaching experience. More than 80% of 
the GTAs were in year 3 or later of their degree programs. Work-
shops were repeated at the beginning of the Spring semester, but 
returning GTAs were not required to repeat PD activities. Approx-
imately 40% of the GTAs at University B were master’s students, 
and the remainder were doctoral students, most of whom were 
in the first or second year of their degree programs. The PD pro-
gram at University C was designed and administered by a cen-
tralized teaching and learning center for all incoming first-year 
graduate students in the chemistry department, by request 
from the department. GTAs at University C were subsequently 
assigned to different introductory courses in general and organic 
chemistry. Table 1 provides a comprehensive comparison of the 
characteristics of the GTA training programs, GTA teaching 
contexts, and institutions. Data on these contextual factors 
should help the reader interpret the programmatic comparisons 
reported here and may help others understand the applicability 
of the findings to their own GTA PD contexts.

University A.  GTAs teach a single section of an introductory 
biology laboratory course that meets twice per week and 
involves a semester-long research investigation. Approximately 
half of the presemester workshop was devoted to pedagogy 
using the ST framework. The other half was devoted to the 
course research project. GTAs modeled student teams as they 
designed, conducted, and presented the results of experiments 
that students would perform during the semester. At weekly 
GTA meetings during the semester, a team of GTAs introduced 
the topic for week, incorporating learning objectives and stu-
dent activities that they had designed for the topic.

University B.  GTAs teach two laboratory courses of either the 
basic A&P course for pre–health majors or an enhanced A&P 
course designed for biology majors (Chen et al., 2013). In Fall 
2012 and Spring 2013, GTAs from both courses attended the 
same presemester workshop, which was primarily devoted to 

pedagogical instruction. Role playing was used to simulate lab 
dynamics. During the semester, pairs of GTAs developed two 
teachable units that were peer reviewed at weekly course meet-
ings before their implementation in lab sections.

University C.  GTAs are assigned to one of several general 
chemistry or organic chemistry laboratories, which are co-req-
uisites for introductory lecture courses. In addition to leading 
their laboratory sessions, GTAs occasionally led discussion sec-
tions. GTAs were required to attend the presemester workshop, 
which included a general introduction to ST and evidence-based 
teaching practices, microteaching with peer feedback, and com-
munity-building activities. Each GTA also completed a written 
self-reflection about strengths and opportunities for improve-
ment, which he or she revisited at the end of the term. Most of 
the laboratory courses also held weekly GTA meetings to dis-
cuss course-specific content and policies, student activities, and 
grading. The center for teaching and learning held follow-up 
meetings at midsemester and at the end of the term.

Participants
Eighty-one GTAs participated in the research project, 68 in Fall 
2012 (84.0%) and 13 in Spring 2013 (16.0%).2 The overall GTA 
sample composition was 59.7% male, 35.6% nonnative English 
speaker, and 26.0% international student, and the mean GTA 
age was 24.7 years (SD = 3.6). About 75% of the GTA sample 
had some form of prior teaching experience (37.0% in a lecture 
course, 52.1% in a laboratory course, and 15.1% in a combined 
lecture–laboratory course). Thirty-one percent indicated that 
they had received some prior formal training in how to teach. 
Table 2 presents characteristics of the GTA participants at each 
institution (all contextual factors in the GTA PD framework). As 
can be seen in the table, GTAs at University C were somewhat 
younger on average than GTAs at University A and University B; 
GTAs at University A had the most prior teaching experience 
(whereas GTAs at University C had the least, though prior teach-
ing experience was still common), and GTAs at all three institu-
tions had generally not received prior formal teacher training. 
The presence of salient differences among GTA characteristics at 
each site afforded testing of the role of contextual factors in GTA 
PD impact. Notably, 100% of GTAs trained during the study 
period at each institution participated in the study.

One thousand, six hundred and sixty-five undergraduate stu-
dents from two of the three institutions also contributed study 
data via end-of-semester evaluations of their GTAs (70.7% in Fall 
2012 and 29.3% in Spring 2013). In total, 19.0% of the students 
were from University A, and 81.0% were from University B. The 
316 undergraduate student respondents at University A and 
1349 undergraduate student respondents at University B consti-
tuted ∼88 and 64%, respectively, of the total number of under-
graduate students served by the GTAs at these institutions.

Instrumentation
Each semester, GTAs responded to a maximum of three surveys: 
1) immediately before the training (henceforth the “pretest”); 2) 
immediately after the training (the “posttest”); and 3) at the end 

2We excluded Spring 2013 data for three GTAs who participated in both the Fall 
2012 and Spring 2013 training programs at University A. University C offered a 
single training program in Fall 2012.
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TABLE 1.  Comparison of GTA training programs, GTA teaching contexts, and institutionsa

Characteristics University A University B University C

GTA training program
Content (e.g., active learning, lab 

policies)
Active learning, diversity, 

assessment, lab policies, 
course experiments

Active learning, diversity, assess-
ment, lab policies, course 
experiments, classroom control, 
lab manual, logistics (i.e., GTA 
assignment, Blackboard)

Active learning, diversity, assess-
ment, critical thinking, teaching 
problem solving, grading and 
feedback

Structure (e.g., presemester 
workshop, weekly sessions)

Presemester workshop, 12 
hours total distributed 
across 2 days, followed 
by weekly GTA meetings

Presemester workshop, 10 hours 
total distributed across 2 days, 
followed by weekly GTA 
meetings and separate meetings 
with course instructors if 
presenting in a given week

Presemester workshop, 13 hours 
total distributed across 3 days, 
follow-up and end-of-semester 
PD meetings, and weekly 
course-specific GTA meetings for 
some GTAs

Activities (e.g., microteaching) Lectures, design of lesson 
(objectives, activities), 
receipt of feedback on 
lesson

Design and demonstration of two 
student-centered teaching 
lessons (objectives, activities), 
receipt of feedback on lessons

Lectures, microteaching with peer 
feedback, community-building 
activities, self-reflection writing

Training provider/facilitator Course instructors Course instructors Teaching center staff
Mandatory or optional Mandatory Mandatory Mandatory
GTAs trained during study period 19 34 28

GTA teaching context
Course Investigations in Molecular 

Cell Biology
Human Anatomy and Physiology 

(A&P)/Enhanced A&P
Introductory Biology/Chemistry 

laboratories (several)
Credit hours 3 1 1
Enrolled undergraduate students 180 (Fall 2012); 180 (Spring 

2013)
750/360 (Fall 2012); 690/302 

(Spring 2013)
∼500 (Fall 2012)

Number of sections 12 36/26 32
Undergraduate student level Mainly sophomores Sophomores to seniors Freshmen and sophomores
Undergraduate student course 

enrollment during study period
360 2102 ∼500

GTA role(s) in course Supervise one laboratory 
section of ∼15 students, 
grade student assign-
ments

Supervise two laboratory sections of 
between 14 and 21 students, 
grade student assignments

Supervise one or two laboratory 
sections of up to 16 students, or 
lead a discussion section of 
between 20 and 25 students for 
a lecture course

Institutional
Type (control, Carnegie 

classification)
Private, doctoral university—

higher research activity
Public, doctoral university—very 

high research activity
Private, doctoral university—

highest research activity
Size (total number of students, total 

number of undergraduates, total 
number of graduate and 
professional students)

14,359 total; 9110 under-
graduate; 4673 graduate 
and professional 

30,256 total; 22,301 undergraduate; 
7955 graduate and professional

12,385 total; 5505 undergraduate; 
6880 graduate and professional

Student body characteristics (i.e., 
percent white, Black or African 
American, and Hispanic or Latino 
undergraduate students)

68% white; 5% Black or 
African American; 5% 
Hispanic or Latino

63% white; 6% Black or African 
American; 9% Hispanic or Latino

52% white; 8% Black or African 
American; 13% Hispanic or 
Latino

Policy training requirements Yes Yes No
aCharacteristics adapted from Reeves et al. (2016) framework. Owing to changes over time in GTA training programs, GTA teaching contexts, and institutions since data 
collection in 2012–2013, these data may not necessarily reflect current GTA training program, GTA teaching context, or institutional characteristics. Some data (i.e., 
student course-enrollment totals) are estimated from historical data. 

of the semester (the “follow-up”). Of the 81 total GTAs, 65 (80.2%) 
completed the pretest, 70 (86.4%) completed the posttest, and 57 
(70.4%) completed the follow-up.3 Seventeen GTA participants at 
University A (89%), 17 GTA participants at University B (50%), 

and 27 GTA participants at University C (96%) completed both the 
pretest and the posttest, which constituted the primary data 
sources for answering our research question.

The pretest survey collected demographic, educational, and 
teaching-related data about the GTAs via closed-ended survey 
questions. As described in the following sections, the pretest 
and posttest surveys both included measures of GTA self-efficacy 
and anxiety about teaching, as well as pedagogical knowledge. 
Student surveys gathered data on the GTAs’ instructional 

3Insufficient institutional sample sizes at the follow-up time point precluded 
statistical power to incorporate end-of-semester GTA self-efficacy, anxiety, and ped-
agogical knowledge into the analysis. Future research should also examine GTA 
self-efficacy, anxiety, and pedagogical knowledge in the months and years follow-
ing GTA training programs to examine the long-term effects of such programs.
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practices at Universities A and B only, because of feasibility 
challenges at University C. In general, the instrumentation used 
was developed by the researchers to bolster its alignment with 
the GTA PD program aims and teaching contexts (these data 
were collected during an evaluation study). One instrument, 
the Anxiety and Confidence in Teaching scale, was a modifica-
tion of an established instrument, the Teaching Economic 
Literacy: Confidence and Anxiety scale. While the reliance on 
researcher-developed or researcher-adapted instruments may 
be considered an important limitation of this study, reliability 
and validity evidence is quite promising.

For our measures of GTA teaching self-efficacy, teaching anx-
iety, and pedagogical knowledge, we estimated reliability with 
Cronbach’s alpha (α) or Kuder-Richardson formula 20. As other 
psychometric analyses, we also investigated test–retest reliabil-
ity by examining the correlations between the measures admin-
istered at different time points; and, as validity evidence, how 
these measures (and gains in the measures) were related to 
one another within and across time (Reeves and Marbach-Ad, 
2016). Given the exploratory nature of this study, we used list-
wise deletion to handle missing data. Copies of the assessment 
instruments are included in the Supplemental Material.

Self-Efficacy and Anxiety
The Anxiety and Confidence in Teaching scale, a generalized 
version of the Teaching Economic Literacy: Confidence and 
Anxiety scale (TELCA; Ludlow et al., 2012), assessed self-effi-
cacy and anxiety about teaching on the pretest and posttest.4 

Eighteen items were intended to measure self-efficacy for teach-
ing (e.g., “When I am confronted with teaching a new concept 
in biology, I know I can cope with it”), and 12 items were 
intended to measure anxiety about teaching (e.g., “Thinking 
about teaching biology topics makes me anxious”). Across all 
items, the response format was a five-point Likert scale: 1 = 
strongly disagree; 2 = disagree; 3 = uncertain; 4 = agree; 5 = 
strongly agree. Common factor analysis previously provided evi-
dence of a two-factor structure with one factor underlying the 
self-efficacy item responses and another underlying the anxiety 
item responses (correlation between factors was −0.62; Ludlow 
et al., 2012). The original TELCA scale was adapted for use in 
this study by supplanting language related to economics with 
language appropriate for the respective context (e.g., biology). 
In this study, the internal score consistencies of the self-efficacy 
and anxiety scales were very high, 0.94 and 0.97 at pretest and 
0.90 and 0.95 at posttest, respectively. The correlations (p val-
ues < 0.001) between the pretest and posttest measures were 
0.85 (self-efficacy) and 0.75 (anxiety), respectively. For both of 
these measures, we took the mean of the corresponding items at 
a given time point to yield a score for each person.

TELCA was selected as the measure of self-efficacy for teach-
ing on the basis of its alignment with the GTA PD programs and 
teaching contexts studied and the soundness of the available 
reliability and validity evidence concerning its scores. At 
the time of the evaluation, TELCA was also an active focus of 
one evaluation team member’s (L.H.L.’s) research program. 
Certainly, other self-report instruments designed to measure 
teacher self-efficacy among GTAs could have been used, such as 
the Self-Efficacy Toward Teaching Inventory—Adapted (SETI-A; 
Prieto and Altmaier, 1994). However, select item content from 
the SETI-A was deemed misaligned with the GTA PD programs 
and teaching contexts considered, in that some items referenced 
facets of teaching practice such as preparing teaching materials 

TABLE 2.  GTA participant characteristics by institutiona

GTA characteristic University A University B University C

Age (M, SD) 27.75, 3.02 25.88, 4.55 22.26, 1.29

Sex (percent)
Male 56.25 47.06 59.26
Female 43.75 52.94 40.74

Prior teaching experience (percent)
Yes 100.00 76.47 62.96
No 0.00 23.53 37.04

Prior formal teacher training (percent)
Yes 29.41 35.71 26.92
No 70.59 64.29 73.08

Year in graduate program First- to fifth-year biology 
graduate students

First- to fifth-year biology 
graduate students

First-year chemistry graduate 
students

Native English speaker (percent)
Yes 70.59 47.06 74.07
No 29.41 52.94 25.93

International student status (percent)
Yes 17.65 35.29 22.22
No 82.35 64.71 77.78

aGTA participant characteristics estimated based on the 17 GTAs at University A, 17 GTAs at University B, and 27 GTAs at University C who responded to corresponding 
GTA survey questions. We did not collect data on GTA career aspirations or attitudes toward teaching, per the Reeves et al. (2016) framework. 

4While the TELCA instrument includes the term “confidence” in its title, its “con-
fidence” subscale is not intended to measure confidence/self-confidence in the 
colloquial or general sense. The subscale is instead intended as a task-specific, 
self-efficacy measure (self-efficacy related to teaching). In addition, the TELCA is 
intended to measure only self-efficacy and not outcome expectancy, another key 
belief in Bandura’s (1977) social cognitive theory.
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and identifying course objectives. A similar argument moti-
vated the use of the TELCA as a measure of anxiety about teach-
ing. Other self-efficacy instruments, such as the STEM 
GTA-Teaching Self-Efficacy Scale (DeChenne et al., 2012), were 
unavailable at the time of this research.

Pedagogical Knowledge
A researcher-developed pedagogical knowledge objective test, 
embedded in both the pretest and posttest surveys, featured 
five dichotomously scored multiple-choice items aligned with 
the ST framework (Handelsman et al., 2007). The objective test 
was “researcher developed” in the sense that it was designed 
by the research team specifically for use in the present study, 
because no existing instrument was available to measure 
knowledge of core facets of the ST pedagogical framework. The 
pedagogical knowledge test items pertained to active learning 
(2), behavioral objectives, assessment, and Bloom’s taxonomy. 
For example, the item about assessment was, “Which of the 
following is not a strategy used to ensure that grading is fair? 
A) De-identify work products; B) Consider each student’s typi-
cal performance (keyed response); C) Score papers in random 
order; and D) Use a rubric or scoring guide.” The item about 
Bloom’s taxonomy was: “Which of the following is a reasonable 
ordering in terms of cognitive complexity (ordered from least to 
most complex)? A) Factual knowledge, knowledge application, 
conceptual understanding, analytical thinking; B) Factual 
knowledge, conceptual understanding, knowledge application, 
analytical thinking (keyed response); C) Conceptual 
understanding, factual knowledge, knowledge application, 
analytical thinking; and D) Conceptual understanding, factual 
knowledge, analytical thinking, knowledge application.” The 
systematic design of items to represent key facets of the ST 
framework constitutes content-related evidence for the validity 
of inferences drawn from the instrument (Reeves and 
Marbach-Ad, 2016). For the pedagogical knowledge measures, 
we took the sum of each item score at a given time point to 
yield pretest and posttest pedagogical knowledge scores for 
each person.5

Student Surveys
In two of three research sites, undergraduate students com-
pleted post-semester surveys about their GTAs. Students 
provided ratings of instruction in response to 19 researcher-
developed items. A researcher-developed instrument was neces-
sary to solicit evidence related to both ST practices specifically 
and the general teaching quality and pedagogy dimensions of 
interest to the PD programs’ stakeholders. Without these con-
straints related to the inquiry’s scope and purpose, alternative 
instruments such as the College and University Classroom 
Environment Inventory (Treagust and Fraser, 1986) or the 
Questionnaire of Teacher Interaction (Coll et al., 2002) could 
have been used, as they were by Kendall and Schussler (2013). 
Nevertheless, the student ratings of instruction instrument was 

systematically designed to represent a variety of general aspects 
of teaching quality and pedagogy, derived from theory and 
research on effective teaching (e.g., Brophy, 1986), and specific 
aspects of instructional quality represented within the ST frame-
work (Handelsman et al., 2007). In particular, the items were 
broadly organized according to the following categories: gen-
eral teaching quality and pedagogy (e.g., “My TA articulated 
the goals for student learning”), assessment practices (e.g., “My 
TA evaluated our work fairly and impartially”), differentiation 
and inclusive teaching practices (e.g., “My TA knew how to 
teach students with different backgrounds, needs, and inter-
ests”), and active-learning practices (e.g., “My TA implemented 
class exercises that were interesting and stimulating”). Given 
the thrust of the training programs, five questions pertained to 
GTAs’ use of discussion questions (e.g., “My TA asked discussion 
questions that require students to think”). Explicit mapping of 
items to the training content framework constitutes content-re-
lated validity evidence for the inference drawn from the student 
ratings of instruction (Reeves and Marbach-Ad, 2016). For all 
items, the response format was a Likert scale: 1 = strongly dis-
agree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 
and 5 = strongly agree.

As our focus was largely on documentation of differential 
GTA PD outcomes as a function of contextual factors, we opted 
to use student ratings of instruction as opposed to systematic 
observations of teaching. This design choice was primarily 
made on the basis of feasibility, in light of the fact that techni-
cally sound observations are extremely resource-intensive in 
terms of personnel, time, and cost (especially in multi-institu-
tional studies). While student ratings of instruction constitute 
an indirect (albeit efficient) measure of GTA instructional prac-
tices, there is evidence that such ratings are moderately cor-
related with student learning outcomes (Cohen, 1981), which 
is another form of validity evidence (Reeves and Marbach-Ad, 
2016). Similarly, Kendall and Schussler (2013) found that such 
ratings can differentiate more and less experienced instructors. 
The use of student ratings of instruction—replete with associ-
ated score reliability and validity threats—nevertheless consti-
tutes a critical limitation of the present study (Kulik, 2001; 
Spooren et al., 2013).

We expected to reduce these ratings to a smaller set of GTA 
instructional subdimensions (e.g., diversity, assessment), but a 
common factor analysis with principal axis factoring indicated 
only a single underlying factor. Therefore, we analyzed institu-
tional and GTA differences in instruction overall, by taking the 
mean of the set of 19 student ratings of instruction α = 0.97. As 
a supplemental analysis, we also examined institutional and 
GTA differences in each item separately to examine particular 
aspects of GTA instruction. The latter analysis afforded fine-
grained exploration of GTA instruction differences in relation to 
GTA training program, as well as exploration of facets of instruc-
tion on which GTAs were most variable. The results of the com-
mon factor analysis also provide validity evidence, namely that 
the set of 19 student ratings of instruction tap a common 
instructional quality construct.

Analytic Approach
We used quantitative methods for data analysis. With our 
quantitative data, we began by computing descriptive 
statistics—either means and standard deviations or counts 

5The internal consistency (lower bound of reliability) of the pedagogical knowl-
edge test was very low (−0.24 at pretest and −0.07 at posttest); however, the 
correlation between the pretest and posttest measures was 0.41 (p < 0.01). Poor 
internal consistency may be explained on account of sample homogeneity with 
respect to the pedagogical knowledge construct, multidimensionality, and/or 
other sources of random error.
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and percentages, depending on the nature of the data. These 
analyses allowed us to understand the distributional proper-
ties of the variables and to describe our sample(s) at fixed 
and/or successive points in time (e.g., pedagogical knowl-
edge, teaching anxiety, teaching self-efficacy, and instructional 
practices).

We also used inferential statistical methods. First, we used 
mixed-model repeated-measures analyses of variance (ANO-
VAs) to examine pretest–posttest changes in self-efficacy, 
anxiety about teaching, pedagogical knowledge, and differen-
tial changes by institution. The full models were estimated to 
include the within-subjects time variable, the between-subjects 
institution variable, and their interaction. Second, using 
fixed-effect ANOVAs, we examined end-of-semester differences 
in each GTA instructional practice item by institution. Third, to 
contextualize the institutional fixed effects, we estimated GTA 
random effects in each instructional practice rating to examine 
their variance across all GTAs. We also similarly examined insti-
tutional and GTA differences in instruction overall. Partial eta-
squared p

2( )η  values were taken as evidence of practical signifi-
cance, given the very large student sample size. Cohen’s (1988) 
d was used to report mean differences (e.g., pretest–posttest 
self-efficacy gains) on a standard metric.

Limitations
The present study had a number of limitations that might 
threaten its external and internal validity. Our results should 
also be interpreted in light of the institutional contexts at which 
we collected data, all research institutions in the Northeast; the 
characteristics of these institutional sites (i.e., research cultures) 
might constrain generalization from our work. In a related vein, 
in general, the GTAs in our study were from traditional scientific 
disciplines and served as GTAs in introductory science courses. 
The structured, standardized, and procedural nature of some 
laboratory courses might to some extent limit the GTAs’ oppor-
tunities to implement knowledge/skills learned during a work-
shop (e.g., discussion questioning). While the overall research 
participation and survey response rates were rather high, non-
response (particularly at University B) too might mean that the 
findings are somewhat unreliable.

In terms of internal validity specifically, this study had a 
number of common research design and measurement limita-
tions. In particular, possible threats to internal validity that we 
were unable to address through design or analysis include 
testing, maturation, and history. For example, examination of 
GTA instructional practices at the end of a semester might 
reflect both the influence of training and experience. Threats 
related to the instrumentation used may also be present (e.g., 
reliability and validity), although it bears noting the high reli-
abilities of the teaching self-efficacy and anxiety measures, 
and the objective nature of the pedagogical knowledge 
measure. Of course, the study’s pre-experimental design nec-
essarily precludes any causal inferences. Although the primary 
contribution of our manuscript centers on the role of contex-
tual factors in GTA PD, we offer our findings with these 
caveats in mind.

RESULTS
Pretest and posttest self-efficacy, anxiety, and pedagogical 
knowledge measures for each site are summarized in Table 3.

Self-Efficacy
Repeated-measures ANOVA showed an overall difference in the 
self-efficacy means over time, such that the posttest mean was 
higher, F (1, 55) = 16.20, p < 0.001, 0.23p

2η = . There was 
no main effect of institution, F(2, 55) = 1.69, p = 0.19. How-
ever, the interaction between time and institution was 
significant, F(2, 55) = 9.92, p < 0.01, 0.27p

2η = , which implies 
differential growth by institution. The overall standardized 
mean difference (d) was 0.34, which is small to moderate in 
magnitude (Cohen, 1988). However, GTAs at University C 
reported 0.68 of a SD change in self-efficacy from immediately 
before to immediately after the workshop, whereas GTAs at 
University B reported almost no change.

Anxiety 
Repeated-measures ANOVA showed an overall difference in the 
anxiety means over time, such that the posttest mean was 
lower, F(1, 54) = 13.94, p < 0.001, 0.21p

2η = . There was no 
main effect of institution, F(2, 54) = 0.04, p = 0.96. However, 
the interaction between time and institution was significant, 
F(2, 54) = 4.54, p < 0.05, 0.14p

2η = , which again implies differ-
ential GTA growth by institution. The overall reported change 
(decrease) in anxiety amounted to 0.42 of an SD, which is not 
trivial, especially for a relatively brief training. GTAs at Univer-
sity C reported the largest decrease in anxiety (d = −0.73), and 
GTAs at University B reported the least (d = −0.10).

Pedagogical Knowledge 
Repeated-measures ANOVA showed an overall difference in the 
knowledge means over time, such that the posttest mean was 
higher, F(1, 48) = 5.79, p < 0.05, 0.11p

2η = . There was a main 
effect of institution, F(2, 48) = 12.90, p < 0.001, 0.35p

2η = , 
such that pedagogical knowledge differed across institutions 
regardless of time point. However, the interaction between time 
and institution was not significant, F(2, 48) = 0.71, p = 0.50, 

TABLE 3.  Summary of changes in self-efficacy, anxiety, and 
knowledge by institution

Pretest Posttest

Group Na M SD M SD db

Self-efficacy
Overall 58 3.79 0.51 3.97 0.54 0.34
University A 17 3.68 0.55 3.75 0.65 0.11
University B 14 4.03 0.43 4.04 0.46 0.02
University C 27 3.74 0.50 4.07 0.48 0.68

Anxiety
Overall 57 2.16 0.77 1.83 0.82 −0.42
University A 17 2.04 0.71 1.87 0.85 −0.20
University B 13 2.06 1.03 1.96 0.85 −0.10
University C 27 2.30 0.67 1.74 0.81 −0.73

Knowledge
Overall 51 2.96 0.98 3.41 0.94 0.47
University A 10 2.90 0.74 3.00 0.94 0.12
University B 14 2.29 0.99 2.79 0.80 0.55
University C 27 3.33 0.88 3.89 0.75 0.68
aN = group size.
bCohen’s d standardized mean difference for dependent means calculated using 
Wilson’s (2001) Excel macro.
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meaning that the degree of GTA knowledge change across the 
three institutions was statistically indistinguishable. The magni-
tude of the overall increase in knowledge (d = 0.47) was some-
what larger than reported changes in self-efficacy (0.34) and 
anxiety (−0.42), with the largest changes at Universities B and 
C, and the smallest change at University A.

Instructional Practice
Table 4 summarizes the student ratings of GTAs at Universities 
A and B. All mean agreement ratings were between “agree” 
(4) and “strongly agree” (5), indicating favorable perceptions 
of the GTAs overall at the two universities. While the highest 
rating referred to a GTA’s knowledge of the course content and 
the lowest rating related to assessment, mean ratings for all 
teaching dimensions were spread throughout a small range. 
Table 4 also includes the results of fixed-effect ANOVAs in 
which GTA instructional ratings were compared between the 
two institutions where such data were collected. In the overall 
measure of instructional quality, there was only a marginally 
significant difference between GTAs from University A and 
GTAs from University B (p = 0.06). However, there were 
statistically significant differences between GTAs at the two 

institutions for 10 of the 19 individual items. For nine of those 
10 items, GTAs at University A were rated higher than GTAs at 
University B (note b in Table 4); for the 10th item, GTAs at 
University B were rated higher than GTAs at University A 
(note d in Table 4). In terms of the magnitudes of the differ-
ences, however, the strength-of-effect measures imply that 
institutional differences are quite small given that the largest 

p
2η  estimate was 0.017.

Much greater variation was observed when the ANOVA 
treated GTA as a random effect. Random GTA effects were sta-
tistically significant for instructional practice overall and for all 
individual instructional practice items. The amount of variance 
across GTAs was moderate to large, with p

2η  values ranging 
from 0.10 to 0.23. The largest GTA-to-GTA differences pertained 
to the GTAs’ ability to provide clear explanations, clearly answer 
questions, and teach students with diverse backgrounds, needs, 
and interests. Overall, the least variable dimensions across 
GTAs were in asking of questions that were stimulating, and 
that require students to think. The magnitude of even these 
smallest random effects were still considerable, however, sug-
gesting a wide range in instructional quality among the GTA 
population across sites.

TABLE 4.  Student ratings of GTA instructiona

Institution fixed effects GTA random effects

Item M SD F p
2η F p

2η

My TA knew the subject matter well.b,c 4.45 0.85 27.40*** 0.017 4.74*** 0.18
My TA evaluated our work fairly and impartially.c,d 4.42 0.89 5.85* 0.007 3.93*** 0.16
My TA was enthusiastic about the subject matter. 4.37 0.83 1.03 0.001 3.22*** 0.13
My TA asked discussion questions that require students to think.b 4.36 0.75 5.15* 0.004 2.38*** 0.10
My TA asked discussion questions that reflect the goals for student learning.c 4.35 0.78 0.38 0.000 3.19*** 0.13
My TA articulated the goals for student learning. 4.34 0.88 0.13 0.000 3.52*** 0.14
My TA was well organized. 4.32 0.86 2.78 0.002 4.13*** 0.16
My TA asked discussion questions that are appropriate given our knowledge 

of the topic.c
4.31 0.81 0.23 0.000 3.86*** 0.16

My TA asked discussion questions that drew out the class’s existing 
knowledge.

4.27 0.80 2.68 0.002 2.67*** 0.11

My TA provided good examples of concepts.b 4.25 0.90 4.50* 0.004 4.30*** 0.17
My TA provided valuable feedback on our work.b 4.22 0.97 8.20** 0.007 4.69*** 0.18
My TA regularly asked stimulating discussion questions. 4.22 0.88 1.33 0.001 2.39*** 0.10
My TA provided engaging activities for the class to do.c 4.20 0.91 0.59 0.001 2.87*** 0.12
My TA answered students’ questions clearly.b 4.17 1.07 10.22** 0.008 6.07*** 0.22
MY TA provided clear explanations.b 4.14 1.07 5.63* 0.005 6.26*** 0.23
My TA made him/herself available outside of class.b 4.13 0.94 9.95** 0.008 4.05*** 0.16
My TA implemented class exercises that were interesting and stimulating. 4.13 0.95 0.13 0.000 3.28*** 0.14
My TA knew how to teach students with different backgrounds, needs, and 

interests.b
4.11 1.03 3.96* 0.003 5.01*** 0.19

My TA knew how well his/her students understood the material.b 4.08 1.01 15.24*** 0.012 3.85*** 0.16
Overalle 4.25 0.74 3.68 0.003 4.98*** 0.19
aItem Ns ranged from 1208 to 1214. Items sorted by grand mean. Full ANOVA results are available from the authors. F, F-statistic. p

2η , partial eta squared.
bRatings of GTA at University A were higher than those for GTAs at University B for this item.
cANOVA test based on Welch statistic because Levene’s test found that homogeneity of variance assumption violated (p < 0.05).
dGTAs at University B were rated higher than GTAs at University A for this item.
eOverall is mean of 19 student ratings of instruction.

*p < 0.05.

**p < 0.01.

***p < 0.001.
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DISCUSSION
In this paper, we reported and compared changes in GTAs’ 
self-efficacy, anxiety about teaching, and pedagogical knowl-
edge during ST-based GTA training programs at three institu-
tions. Additionally, we examined and compared undergraduate 
student perceptions of GTAs’ instruction. Our study was explic-
itly grounded in the GTA PD framework (Figure 1), which 
notably posits that contextual factors such as GTA characteris-
tics can moderate GTA PD impact. By enacting similar GTA PD 
programs in three contexts and comparing them along multiple 
outcome dimensions—GTA cognition and GTA teaching 
practice—the present study afforded a preliminary test of this 
“contextual factors” hypothesis. In this section, we summarize 
our findings, discuss their potential implications for the GTA PD 
framework and GTA PD more broadly, and identify possible 
directions for additional research on GTA training.

Across the three participating institutions, we found small 
but statistically significant increases in self-efficacy (d = 0.34) 
and pedagogical knowledge (d = 0.47), as well as a decrease in 
anxiety (d = −0.42). While changes in pedagogical knowledge 
were statistically indistinguishable across the three institutions, 
the magnitudes of changes in anxiety and self-efficacy differed. 
In both cases, GTAs at University C reported the most change 
and GTAs at University B reported the least. Our self-efficacy 
and anxiety findings comport with the results of other pretest–
posttest studies of GTA training programs, which have also 
reported changes in GTA self-efficacy and anxiety (e.g., Young 
and Bippus, 2008; Page et al., 2011; Pelton, 2014). It is interest-
ing that the largest changes in self-efficacy and anxiety were 
observed at University C, which was attended solely by incom-
ing graduate students with no prior teaching experience as 
graduate students (Prieto and Altmaier, 1994). This finding is 
consistent with the GTA literature showing previous experience 
to be an important source of GTA teaching self-efficacy (Prieto 
and Altmaier, 1994) and arguments in the literature that much 
teacher learning occurs on the job (e.g., Sykes et al., 2010).

Posttraining, we found that, on average, GTAs were rated 
very highly by students. In this respect, the findings support 
those of Kendall and Schussler (2013), who observed that stu-
dent perceptions of GTA instructional characteristics improved 
over the course of a semester, such that GTA ratings at the end 
of the semester were similar to those that students gave to pro-
fessors in the same roles. However, we must acknowledge that 
positive student ratings of GTA instruction at the end of the 
semester could be a function of the teaching experience GTAs 
gained during the semester, rather than the activities of the GTA 
training programs. At the same time, we also found some small, 
but statistically significant institution-to-institution differences 
in GTA teaching dimensions. In general, GTAs at University A 
were rated more highly than GTAs at University B. (Similar data 
were not available from University C for comparison.) Some 
dimensions where we observed such differences corresponded 
to the ST framework (e.g., diversity), and others were more 
general (e.g., knowledge of subject matter). It is particularly 
interesting that GTAs at University A generally received high 
ratings, because these GTAs all had significant previous GTA 
experience and more contact hours with their students than 
GTAs at University B. GTAs at University A also taught a single 
section, while GTAs at University B taught two sections. This is 
consistent with Kendall and Schussler’s (2013) finding that 

instructors with more teaching experience tended to receive 
higher ratings from their students.

Of course, observed institutional differences have many possi-
ble explanations—some related to actual training quality and 
some related to other factors. One GTA group might simply stand 
to gain more or less than another based on their characteristics at 
training program entry, such as their prior teaching experience 
and training. Unfortunately, the present study’s sample sizes 
overall and by institution did not afford reliable statistical consid-
eration of whether GTAs with different characteristics responded 
differently to the PD. However, such moderating variables are an 
important area for future inquiry (Reeves et al., 2016). In addi-
tion, differences in GTA instructional ratings between institutions 
might reflect institutional differences in the GTA populations 
themselves, or differences in the contexts in which those GTAs 
serve (e.g., institutional, teaching placement, or student charac-
teristics). In their model of GTA teaching self-efficacy, DeChenne 
et al. (2015) identified the departmental teaching climate as a 
major contributing factor. Finally, the training programs offered 
at the three sites shared a common framework in ST, but instruc-
tors at the three sites designed their own programs and incorpo-
rated activities suitable for their own situations.

Despite very high student ratings of GTAs overall and small 
institutional differences, we found large GTA-to-GTA differences 
in every aspect of instructional quality assessed. There were no 
discernible patterns, however, in the categories of instructional 
quality (e.g., assessment, active learning, diversity) in which per-
formance was most variable. Indeed, the significantly and largely 
variable GTA-to-GTA rating differences suggest wide variation in 
(even trained) GTAs. Addy and Blanchard (2010) and Bond-
Robinson and Rodriquez (2006) observed similar findings after 
the implementation of their GTA training programs. In addition 
to putting institutional GTA teaching practice differences in con-
text, these consistent findings about large variation among GTAs 
in their teaching practices underscore the GTA PD framework’s 
assertion of the import of considering GTA characteristics. Our 
findings might also highlight for GTA training stakeholders those 
aspects of teaching that deserve the most attention during train-
ing programs (i.e., those GTA instructional dimensions that are 
most variable). Given nonrandom assignment of undergraduate 
students to GTAs, we also recognize that observed variation 
among GTAs might at least in part be explained by factors other 
than institutional quality (e.g., sectional student composition).

The present study offers implications for the GTA PD 
framework. Most importantly, our findings suggest the impor-
tance of considering contextual factors in both research on 
and the evaluation of GTA PD impact. The cross-institutional 
differences in gains observed in self-efficacy and anxiety, and 
differences in GTA instructional practices after PD, imply that 
the impact of a given PD program may hinge on relevant con-
textual factors such as GTA characteristics (e.g., prior teach-
ing experience, student status [master’s or doctoral level], 
prior teacher training, and attitudes toward teaching; Prieto 
and Altmaier, 1994; Serow et al., 2002).6 A practical corollary 

6We recognize that observed outcome differences among the three GTA PD pro-
grams may be at least partly explained by their differential structural and activity 
designs. A sounder test of the role of contextual factors would implement GTA PD 
programs identical in not only their content, but also their structures and 
activities.
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