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ABSTRACT
Many post-secondary institutions provide training and resources to
help GTAs fulfil their teaching roles. However, few programmes
focus specifically on the teaching competencies required by GTAs
who work with undergraduate students in laboratory settings
where learning tends to be more active and inquiry based than in
classroom settings. From a review of 8 GTA manuals, we identified
20 competencies and then surveyed faculty and lab coordinators
(FIS) and GTAs from a Faculty of Science at a comprehensive
Canadian university to identify which of those competencies are
required of GTAs who work in undergraduate science labs. GTAs
and FIS did not significantly differ in the competencies they view
as required for GTAs to work effectively in undergraduate labs.
But, when comparing the responses of GTAs and FIS to TA
manuals, ‘Clearly and effectively communicates ideas and
information with students’ was the only competency for which
there was agreement on the level of requirement. We also
examined GTAs’ self-efficacy for each of the identified
competencies and found no overall relationship between self-
efficacy and demographic characteristics, including experience
and training. Our results can be used to inform the design of
training programmes specifically for GTAs who work in
undergraduate science labs, for example, programmes should
provide strategies for GTAs to obtain feedback which they can use
to enhance their teaching skills. The goal of this study is to
improve undergraduate lab instruction in faculties of science and
to enhance the teaching experience of GTAs by better preparing
them for their role.
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Introduction

Graduate teaching assistants (GTAs) fulfil an important role in undergraduate education
in today’s post-secondary institutions. Chairing seminars, facilitating discussion groups,
instructing in labs, conducting demonstrations, tutoring, supervising field trips, grading,
and invigilating exams are some of the many teaching-related responsibilities of GTAs.
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Since the late 1960s, efforts have been made to prepare graduate students for these teach-
ing responsibilities (Stumpf, 1971). In 1986, a conference on Institutional Responsibility
and Responses in the Employment and Education of Teaching Assistants marked the first
national effort to address the needs of GTAs in American colleges and universities
(Lewis, 1993). While many institutions have since developed training programmes and/
or guides for GTAs, they have received mixed reviews about their efficacy, and there
remains a perception that GTAs are unprepared for their roles (DeChenne et al., 2012;
Luft, Kurdziel, Roehrig, & Turner, 2004; Shannon, Twale, & Moore, 1998). This has
been partially attributed to the fact that many programmes and guides are general in
nature. That is, they provide discipline-neutral instruction and advice on teaching and
learning with little opportunity to develop discipline-specific pedagogical skills (Harris
& McEwan, 2009; Luft et al., 2004; Park, 2004).

There is a limited body of literature about the specific teaching-related skills required by
GTAs who work with undergraduate students in science, technology, engineering, and
mathematics (STEM). Laboratory experiences are a regular feature in STEM programmes
and, while GTAs are rarely responsible for teaching a whole course, they are responsible
for the majority of instruction in laboratories: Abraham et al. (1997) in chemistry; Cho,
Sohoni, and French (2010) in engineering; Goodlad (1997) in science, technology, andmedi-
cine; Spears and Zollman (1974) in physics; Sundberg, Armstrong, andWischusen (2005) in
biology. Previous work by Deacon and Hajek (2011) found that the GTAs significantly influ-
enced undergraduates’ overall satisfaction and perception of value of laboratory experiences
in physics. Duties of GTAs who work in science laboratories include such activities as: con-
ducting demonstrations, giving lectures, assisting students with conducting and understand-
ing experimental work, facilitating group work, supervising students, ensuring lab safety,
and marking lab reports. Herrington and Nakhleh (2003) explain that effective teaching
in labs is different from effective teaching in traditional classroom instruction in three
ways: (1) lab instruction is more interactive and one-on-one; (2) the function of the instruc-
tor in the laboratory is to help students come to an explanation that is consistent with the
data, not to impose an explanation; and (3) laboratory instructors use teaching and learning
strategies that are different from those used by classroom instructors. Luft et al. (2004)
reported that GTAs in introductory science laboratories did not find university-wide train-
ing effective in helping them to teach in the laboratory setting.

Tigelaar, Dolmans, Wolfhagen, and Van der Vleuten (2004) define teaching competen-
cies as ‘an integrated set of personal characteristics, knowledge, skills, and attitudes that
are needed for effective performance in various teaching contexts’ (p. 255). Using the
Delphi Method, they developed and validated a framework for teaching competencies
in post-secondary education that included student-focused approaches and considered
aspects of a teacher’s personality. Simpson and Smith (1993) and Cho et al. (2010) con-
ducted reviews of educational research to develop survey items for research on GTAs’
roles and responsibilities. Lowman and Mathie (1993) performed a content analysis of
TA manuals from across the United States to identify the most commonly occurring
teaching topics. While the lists of topics or competencies are similar, there are differences
and there is no comprehensive list of a GTA’s potential roles and responsibilities and the
required knowledge and skills to perform effectively.

Sohoni, Cho, and French (2013) administered a survey to engineering faculty members,
GTAs, and students to find out what roles and responsibilities were most important in
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effective engineering GTAs and to determine how competent the GTAs were in those
roles. The survey consisted of 24 items related to instructional practices, classroom man-
agement, and engagement with students. They found that clear communication, and
grading student work and providing useful feedback were perceived as more important
than managing and dealing with student behaviours and motivation problems, and
course management or knowledge of policies. Additionally, faculty and students rated
GTA competence in these roles significantly lower than the GTAs rated themselves.
This difference was also seen in an earlier study of the effect of training and experience
on GTAs’ self-perception of teaching effectiveness by Shannon et al. (1998).

Herrington and Nakhleh (2003) surveyed undergraduate students and GTAs involved
in an introductory chemistry lab. Using a questionnaire with 17 statements about effective
teaching, with some statements more specific to the laboratory context, they looked at
what these groups considered to be important qualities for an effective lab GTA and
whether they differed in their opinion. Of the eight top-rated statements for each
group, six were common. The top two were: ‘is well prepared for lab’ and ‘thoroughly
understands the lab exercise’. Student responses to the free-response question asking
about the qualities that are important for an effective laboratory GTA resulted in a con-
siderable number of comments that specifically mentioned the importance of good com-
munication skills (also noted by Deacon & Hajek, 2011).

Research on the relationship between teaching self-efficacy and training and experience
has shown variable results. Based on Bandura’s (1977) definition of self-efficacy as one’s
beliefs about their capability to produce effects, Prieto and Altmaier (1994) found that
GTAs with prior training and those with previous teaching experience demonstrated
higher levels of self-efficacy. Shannon et al. (1998) found that GTA self-ratings were
not positively affected by either training or experience. DeChenne and Enochs (2010),
who defined teaching self-efficacy as teachers’ beliefs that they will be able to effectively
teach a given population of students a specific subject, studied the teaching self-efficacy
of GTAs in STEM. Since the STEM context is somewhat different from other teaching
contexts, they adapted the College Teaching Self-Efficacy Scale developed by Prieto
Navarro in 2005. Using their more context-specific instrument, they found no difference
in the teaching self-efficacy between GTAs who had attended training and those who had
not. DeChenne, Koziol, Needham, and Enochs (2015) found that a GTA’s self-efficacy is
influenced by the interaction of a variety of factors, the most significant being the depart-
mental teaching environment (including relationships with supervisors and peers) and the
quality of professional development rather than the hours spent in professional develop-
ment. For international teaching assistants, Kim (2009) found that teaching experience
was correlated with teaching self-efficacy related to instructional strategies and classroom
management, but not those related to student engagement. They cautioned that for this
group, sociocultural adaptation (i.e. knowledge and use of culturally appropriate social
and communication skills) is an important predictor of perceived self-efficacy in teaching.

Research, in specific disciplines and across disciplines, has attempted to determine what
form GTA training should take, what skills should be taught, and how training pro-
grammes should be evaluated. While we can borrow from existing teaching development
programmes, we recognise the importance of context in good teaching and seek to address
the specific skills and strategies required for effective teaching in the science laboratory.
The goal of this study is to identify those strategies/competencies. The questions that
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we asked relative to this goal are: (1) What teaching competencies are reflected in GTA
manuals? (2) Which of these competencies do lab personnel and instructors believe to
be required? (3) Which of these competencies do lab GTAs believe to be required? and
(4) How do GTAs rate their ability to perform in each of the competency areas? A
survey was used because it was the most efficient way to obtain information from a
large number of GTAs and personnel working in laboratories. Interviews with GTAs
were used to further explore the teaching experiences and competencies required for
work in that context. We then use this information to make recommendations of
content for training programmes for science GTAs.

Method

Survey design

We designed a survey to determine the importance to GTAs and faculty members and lab-
oratory instructional staff, of specific teaching competencies. The competencies which
formed the basis of the survey were derived from a review of GTA manuals as per the
methodology used by Lowman and Mathie (1993). Hereafter, the faculty members and
instructional staff are referred to as ‘FIS’. Lowman and Mathie (1993) found that for
most GTAs, the GTA manual is the primary written resource for help with teaching
and general socialisation about the value of good teaching. We obtained online TA
manuals from eight Canadian universities (four comprehensive; four medical/doctoral)
and used these as a starting point to determine the teaching competencies important
for GTAs working in labs. The manuals were all prepared by the institutions’ centre for
teaching and learning and were general in nature; that is, they were not written to
provide guidelines or advice to GTAs working in a specific discipline or in a specific learn-
ing environment. Our content analysis was based on the topic of each paragraph (e.g. dis-
cussion, motivation, lesson plan). We selected one manual and together, assigned each
paragraph a topic code. Using the resulting list of codes, we independently coded a
second manual and refined the coding system. Sixty-three teaching-related topics were
identified. All manuals were subsequently coded by one of two investigators and results
for the eight manuals were combined to give an overall total occurrence of teaching-
related topics.

The topics were grouped into 20 related skill areas and assigned a competency descrip-
tive of the teaching activity. While the manuals included information on a variety of teach-
ing and learning strategies (e.g. demonstration, use of visual material, and group work),
four occurred frequently enough to justify their own individual competencies: facilitating
discussion, using effective questioning strategies, providing feedback, and using examples.
Skill in the use of a variety of teaching strategies is represented by a single competency,
‘Uses a variety of appropriate teaching and learning strategies to help students understand
material’. The competencies were randomly assigned a number from 1 to 20 and listed in
numerical order in the survey. The same list was used in both the questionnaire for GTAs
and the one for FIS. The competencies appear in rank order by occurrence in the manuals
in Table 1.

Respondents to both questionnaires were asked to rank their top five most important
competencies from the given list. These competencies were assigned a corresponding value
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from one to five, with five being the highest-ranked competency. The sum for each com-
petency was then calculated.

Respondents were also asked to indicate, for each of the 20 competencies, the degree to
which they agreed or disagreed with the statement that the competency was required for
GTAs. Response options consisted of a five-point Likert scale with ‘Strongly disagree’ (1)
and ‘Strongly agree’ (5) as anchor points. For example:

This competency is required for GTAs to work effectively in undergraduate labs in my discipline.

Strongly Disagree Disagree Neutral Agree
Strongly
Agree

1. Effectively manages personal and work
time to fulfil teaching responsibilities

○ ○ ○ ○ ○

The GTAs’ mean rating of importance for each competency was compared to that of
the FIS using a t-test.

The GTA questionnaire also asked respondents to indicate their level of skill in each
competency with ‘Not at all skilled’ (1) and ‘Expert’ (5) as anchor points. For example:

Not at all skilled
Some
skill Moderately skilled Good level of skill Expert

1. Effectively manages personal and work
time to fulfil teaching responsibilities

○ ○ ○ ○ ○

The GTAs’mean rating of importance for each competency was compared to the rating
of their skill in that competency, again using a t-test.

The questionnaire for FIS asked respondents to identify any additional competencies
required by GTAs that were not included in our list.

Table 1. Rank of occurrence of competencies in GTA manuals.
Rank Competency

1 14. Uses a variety of appropriate teaching and learning strategies to help students understand materialabc

2 9. Is knowledgeable about institutional, departmental and course policies and procedures, and institutional
resourcesa

3 10. Develops and maintains a positive classroom atmosphereac

4 6. Clearly and effectively communicates information and ideas with studentsac

5 4. Uses self-reflection and feedback from supervisor, peers, and students to improve teachinga

6 12. Demonstrates concern and respect for all studentsabc

7 11. Uses fair and consistent marking strategiesabc

8 17. Is well-prepared for teaching dutiesbc

9 1. Effectively manages personal and work time to fulfil teaching responsibilitiesc

10 2. Demonstrates a high standard of ethical and professional conductc

11 13. Maintains a safe and orderly learning spaceab

12 3. Stimulates and facilitates meaningful discussions with studentsac

13 5. Helps students understand course expectationsa

14 7. Effectively uses questioning strategies to promote learningbc

15 15. Gives frequent, regular and constructive feedback to studentsabc

16 20. Uses relevant examples to help students understand conceptsac

17 16. Demonstrates a high level of knowledge in the disciplineac

18 8. Demonstrates good presentation skillsc

19 19. Monitors how well students are progressing with their learning and learning tasks.
20 18. Demonstrates enthusiasm for disciplineab

aRelated to competency appearing in Simpson and Smith’s (1993) list of 26 competencies for GTAs.
bRelated to competency appearing in Herrington and Nakhleh’s (2003) list of 17 items defining effective chemistry lab
instruction.

cRelated to competency appearing in Cho et al.’s (2010) list of 24 items describing typical GTA roles and responsibilities.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 5

D
ow

nl
oa

de
d 

by
 [

T
ul

an
e 

U
ni

ve
rs

ity
] 

at
 1

0:
54

 2
5 

A
ug

us
t 2

01
7 



The GTA survey obtained information on various characteristics of the GTAs
(Table 2). Three of these were used in further analysis: first language (English vs.
Other), previous semesters as a GTA (0–2 semesters vs. 3 or more semesters), and
amount of teacher preparation (No preparation vs. all the other categories). The GTAs’
mean rating of importance and rating of their skill in each competency were compared
for each of these three characteristics using t-tests.

The survey also asked GTAs to provide their name and email address if they were
willing to be interviewed about their work in undergraduate labs.

Administration and participation

The questionnaires were constructed in and administered using the Survey tool in Desir-
e2Learn™, the institution’s learning management system. They were made available to FIS
and GTAs in the following disciplines at one comprehensive Canadian university: bio-
chemistry, biology, chemistry, computer science, earth science, math and statistics,
physics, and psychology.

For the FIS group, 23 laboratory instructional staff members were identified from
departmental staff lists and invited by email to take part. At the study institution, labora-
tory staff are responsible for instructing and supervising GTAs. The laboratory instruc-
tional staff were also asked to suggest faculty members who were familiar with the

Table 2. GTA demographic information (N = 41).
N Percent

Nationality
Canadian 23 56
Other 17 42
Not indicated 1 2

First Language
English 23 56
Other 18 44

Discipline
Biochemistry 2 5
Biology 11 27
Chemistry 9 22
Computer science 0 0
Earth science 5 12
Mathematics and statistics 6 15
Physics and physical oceanography 7 17
Psychology 1 2

Previous semesters as a GTA
0–2 25 61
3–5 12 29
6+ 4 10

Preparation
Undergrad coursea 6 15
Teaching preparation programme for GSb 5 12
Departmental training 5 12
No preparation 21 51
Other 4 10

Teaching in career
No teaching 4 10
Small to Significant amount 34 83
Career in teaching 3 7

aTwo GTAs indicated some departmental training; one indicated other training.
bOne GTA indicated some departmental training; one indicated other training.
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undergraduate labs and the role of GTAs – 17 faculty members were identified. In total,
the FIS group of respondents consisted of 17 lab staff and 4 faculty members. The admin-
istrative offices of each discipline identified a total of 326 GTAs who were emailed invita-
tions to participate. Forty-one GTAs completed the survey. Responses were anonymous
except for six GTAs who volunteered their name and contact information for a follow-
up interview. The GTA survey was made available for a three-week period during three
consecutive semesters from January 2012 to April 2013. Demographic information
about GTA participants is provided in Table 2. Six interviews were conducted by two
of the authors within six weeks following the survey availability period in the winter
2012 semester. Interviews were semi-structured, conducted in seminar room on
campus, audio recorded, and lasted approximately one hour each.

Results

Competency ranking

Of the five competencies ranked most important, three were common to both GTAs and
FIS: 6, ‘Clearly and effectively communicates ideas and information with students’; 11,
‘Uses fair and consistent marking strategies’; and 12, ‘Demonstrates concern and
respect for all students’ (see Table 3). Highest ranked for both groups was competency
6, ‘Clearly and effectively communicates ideas and information with students’. This is
the only one which appeared in the list of the manuals’ five most frequently occurring
competencies. Competencies 11 and 12 did not appear in the manuals top five but were
ranked seventh and sixth, respectively.

Only the GTAs’ top five ranking contained a specific teaching strategy, competency 3,
‘Stimulates and facilitates meaningful discussion with students’. Disciplinary knowledge
also appeared in the GTAs’ rankings. These did not appear in the five highest rankings
by the FIS, and were ranked 12th and 17th, respectively, in the manuals.

Further, competency 17 ‘Adequately plans and prepares for teaching duties’ appeared
second in the FIS’ ranking, but was not in the top five for the GTAs and was ranked 16th in
manuals.

GTAs did not rank competency 2, ‘Demonstrates a high standard of ethical and pro-
fessional conduct’ in their top five but it was ranked in fifth place by rating of requirement.

Table 3. Top five most important competencies.
Rank GTAs (sum) FIS (sum) Manuals (occurrence)

1 6. Clearly and effectively
communicates ideas and
information with students (83)

6. Clearly and effectively
communicates ideas and
information with students (50)

14. Uses a variety of appropriate teaching
and learning strategies to help students
understand material (180)

2 3. Stimulates and facilitates
meaningful discussions with
students (56)

17.Adequately plans and
prepares for teaching duties
(41)

9. Is knowledgeable about institutional,
departmental and course policies and
procedures, and institutional resources
(162)

3 12. Demonstrates concern and
respect for all students (47)

11. Uses fair and consistent
marking strategies (34)

10. Develops and maintains a positive
classroom atmosphere (112)

4 11. Uses fair and consistent
marking strategies (46)

12. Demonstrates concern and
respect for all students (33)

6. Clearly and effectively communicates
information and ideas with students (107)

5 16. Demonstrates a high level of
knowledge in the discipline
(42)

2. Demonstrates a high standard
of ethical and professional
conduct (31)

4. Uses self-reflection and feedback from
supervisor, peers, and students to
improve teaching (102)
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While competency 4, ‘Uses self-reflection and feedback from supervisor, peers, and stu-
dents to improve teaching’ was among the top five most frequently appearing in
manuals, it was a very low priority for GTAs and FIS.

Competency ratings

GTAs and FIS also rated the level of requirement for each of the 20 competencies. There
were no significant differences between GTA and FIS mean ratings of requirement
(Table 4). Competencies 6, 11, and 12 were the most highly rated for requirement by
both groups, which is consistent with the top five ranking. The GTAs’mean rating of com-
petency 16 was ranked in sixth position, which was close to their overall ranking.

The ratings for competency 2, ‘Demonstrates a high standard of ethical and pro-
fessional conduct’ were similar for the two groups – means ranked fifth and sixth – and
this competency was ranked fifth by FIS in their ranking of the top five.

The rating for competency 3, ‘Stimulates and facilitates meaningful discussions with
students’ was not high for either GTAs or FIS; however, this competency was ranked
second by GTAs.

Also appearing in the top five mean ratings by GTAs was competency 20, ‘Uses relevant
examples to help student understand concepts’ but it was not high for FIS and did not
appear in the GTAs’ top five ranking.

High in the list of the FIS mean ratings of requirement were competencies 17, ‘Ade-
quately plans and prepares for teaching duties’ and 15, ‘Gives frequent, regular, and con-
structive feedback to students.’ Competency 17 was not ranked highly by GTAs but was
ranked second by FIS.

Competencies 9, ‘Is knowledgeable about institutional, departmental and course pol-
icies and procedures and institutional resources’, and 19, ‘Monitors how well students
are progressing with their learning and learning tasks’, were rated as the least required
competencies and ranked last by both FIS and GTAs. The rating of requirement given
to competency 19 was consistent with the manuals. However, FIS and GTAs differ with
the manuals’ strong emphasis on policies, procedures, and guidelines; it was the second
most frequently occurring topic in manuals.

Rating of requirement and self-efficacy

Table 5 presents the GTAs’ mean ratings of their self-efficacy along with the mean rating
of requirement for each of the 20 competencies. The three competencies for which GTA
gave the highest self-efficacy mean rating were: 12, ‘Demonstrates concern and respect for
all students’; 2, ‘Demonstrates a high standard of ethical and professional conduct’; and 18,
‘Demonstrates enthusiasm for discipline’. Those with the lowest self-efficacy rating were:
9, ‘Is knowledgeable about institutional, departmental and course policies and procedures,
and institutional resources’; 4, ‘Uses self-reflection and feedback from supervisor, peers,
and students to improve teaching’; and 8, ‘Demonstrates good presentation skills’. Of par-
ticular note among these competencies is competency 12, which was rated the highest for
both rating of self-efficacy and level of requirement, and competency 9, which was rated
the lowest for both rating of self-efficacy and level of requirement. The mean self-efficacy
rating was significantly different from the rating of requirement for nine of the 20 com-
petencies: in all nine, the mean was higher for the rating of requirement.
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Table 4. Competency mean rating of requirement and rank of means.
Competency

1. Time
management

2. Ethical and
professional

3.
Discussion

4. Teaching
improvement

5. Course
expectations

6.
Communication

7.
Questioning
strategies

8.
Presentation

skills

9. Policies
and

resources

10.
Classroom
atmosphere

GTA (N = 41) Mean
required
rating

4.13 4.30 4.10 3.95 4.05 4.54 4.15 3.68 3.44 4.07

SD 0.91 0.72 0.97 0.74 1.07 0.81 0.99 1.11 0.84 0.72
Rank of
mean

10 5 11 16 14a 2 9 18a 20 12a

FIS (N = 21) Mean
required
rating

4.33 4.43 3.90 3.90 3.71 4.57 4.14 4.10 3.00 4.10

SD 0.48 0.81 0.83 0.70 0.78 0.81 0.85 0.63 0.89 0.77
Rank of
mean

7 6 16a 16a 18 3 9 11a 20 10

Competency

11.
Marking

12. Concern
and respect

13.
Safety

14. Teaching and
learning strategies

15. Feedback
to students

16. Disciplinary
knowledge

17.
Preparation

18.
Enthusiasm

19. Monitor
student
learning

20.
Examples

GTA (N = 41) Mean
required
rating

4.32 4.66 4.24 3.93 4.07 4.24 4.05 4.22 3.68 4.32

SD 1.04 0.53 0.77 0.79 0.75 0.80 0.95 0.73 0.91 0.69
Rank of
mean

3a 1 6a 17 12a 6a 14a 8 18a 3a

FIS (N = 21) Mean
required
rating

4.67 4.67 4.19 4.05 4.45 4.10 4.52 4.00 3.43 4.00

SD 0.66 0.48 0.81 0.87 0.61 1.00 0.81 0.78 0.93 0.63
Rank of
mean

1a 1a 8 13 5 11a 4 14a 19 14a

a Indicates a tied position.
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Table 5. GTA ratings of self-efficacy and requirement for competencies (N = 41).
Competency

1. Time
management

2. Ethical and
professional

3.
Discussion

4. Teaching
improvement

5. Course
expectations

6.
Communication

7. Questioning
strategies

8.
Presentation

skills

9. Policies
and

resources
10. Classroom
atmosphere

Mean
self-efficacy rating

3.83 4.24 3.63 3.34 3.58 4.02 3.73 3.50 2.78 4.05

SD 0.92 0.83 0.97 1.04 0.90 0.65 1.10 0.91 1.13 0.84
Rank 11 2a 15 19 16 8 12 18 20 7
Mean required rating 4.13 4.30 4.10 3.95 4.05 4.54 4.15 3.68 3.44 4.07
Rank 10 5 11 16 14a 2 9 18a 20 12a

p .103 .850 .006 .000 .008 .000 .003 .383 .000 .860

Competency

11.
Marking

12. Concern
and respect

13.
Safety

14. Teaching and
learning strategies

15. Feedback to
students

16. Disciplinary
knowledge

17.
Preparation

18.
Enthusiasm

19. Monitor
student
learning

20.
Examples

Mean
self-efficacy rating

4.17 4.46 4.16 3.68 3.71 3.95 3.95 4.24 3.51 4.10

SD 0.83 0.67 1.03 0.79 0.96 0.80 0.89 0.86 0.78 0.70
Rank 4 1 5 14 13 9a 9a 2a 17 6
Mean required rating 4.32 4.66 4.24 3.93 4.07 4.24 4.05 4.22 3.68 4.32
Rank 3a 1 6a 17 12a 6a 14a 8 18a 3a

p .383 .031 .689 .096 .012 .032 .323 .812 .227 .060
aIndicates a tied position.
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Other characteristics

We compared self-efficacy with the demographic characteristics and found few statisti-
cally significant results.

. Teacher preparation was significantly related with self-efficacy for only 6 of the 20 com-
petencies: 1, ‘Effectively manages personal and work time to fulfil teaching responsibil-
ities’ (p < .01); 3, ‘Stimulates and facilitates meaningful discussions with students’
(p < .01); 7, ‘Effectively uses questioning strategies to promote learning’ (p < .01); 11,
‘Uses fair and consistent marking strategies’ (p < .05); 16, ‘Demonstrates a high level
of knowledge in the discipline’ (p < .05); and 19, ‘Monitors how well students are pro-
gressing with their learning and learning tasks’ (p < .05). For all these competencies, the
GTAs with ‘no teaching preparation’ rated themselves lower on self-efficacy.

. Experience as a GTA was significantly related to only one self-efficacy rating: 12,
‘Demonstrates concern and respect for all students’ (p < .05). Students with more
than two semesters of experience rated themselves less effective in this area than
those with fewer than two semesters of experience.

. GTAs whose first language is English and those whose first language is not English
showed a statistically significant difference in self-efficacy rating for six competencies.
GTAs whose first language is not English showed a significantly higher self-efficacy
rating for competencies 3, ‘Stimulates and facilitates meaningful discussions with stu-
dents’ (p < .01); 7, ‘Effectively uses questioning strategies to promote learning’ (p < .01);
11, ‘Uses fair and consistent marking strategies’ (p < .05); and 19, ‘Monitors how well
students are progressing with their learning and learning tasks’ (p < .05). Those
whose first language is English showed significantly higher ratings of self-efficacy for
competencies 1, ‘Effectively manages personal and work time to fulfil teaching respon-
sibilities’ and 16, ‘Demonstrates a high level of knowledge in the discipline’.

Discussion

The results show that, overall, FIS and GTAs agreed on the most and least important com-
petencies required for GTAs to work effectively in undergraduate science labs. Of these
competencies, only two were similarly ranked in GTA manuals. We found no strong evi-
dence of a correlation between self-efficacy and teaching preparation or number of seme-
sters of experience as a GTA. Self-efficacy was not related to the GTAs’ rating of
requirement; however, the competencies which were rated the highest and lowest for
self-efficacy were also rated the highest and lowest for requirement.

In the following section, we discuss these results based on four competency groupings:
instructional practices, preparedness, engagement with students, and learning environ-
ment. The first three of these were used by Cho et al. (2010) in studying GTA roles and
responsibilities (these authors used classroom management as the fourth category).

Instructional practices

From our list of 20 competencies, the following related to communication and to teaching
and learning strategies were included in the instructional practices category identified by
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Cho et al. (2010). They defined instructional strategies as an ‘ability to effectively commu-
nicate with students and explain contents clearly’ (p. 5):

3. Stimulates and facilitates meaningful discussions with students

6. Clearly and effectively communicates information and ideas to students

7. Effectively uses questioning strategies to promote learning

8. Demonstrates good presentation skills

11. Uses fair and consistent marking strategies

14. Uses a variety of appropriate teaching and learning strategies to help students to under-
stand material

20. Uses relevant examples to help students understand concepts

In this category, we also included the following competency not appearing in Cho et al.
(2010):

15. Gives frequent and regular and constructive feedback to students

Effective teachers have the ability to explain material plainly, at the student’s level of
understanding, and in a manner that makes the material stimulating and interesting
(Ramsden, 2003). It is, therefore, not surprising that both FIS and GTAs identified com-
petency 6, ‘Clearly and effectively communicates information and ideas to students’ as the
highest ranked competency required by GTAs working in undergraduate science labs.
This is consistent with previous research (Deacon & Hajek, 2011; Sohoni et al., 2013)
that found the ability to communicate clearly is one of the most important characteristics
of GTAs. The higher rating of importance given by GTAs to using discussion, questioning,
and the use of examples than to using ‘a variety of appropriate teaching and learning strat-
egies’ suggests that these competencies should be specifically taught in training pro-
grammes for GTAs who will be working in lab environments. While FIS acknowledged
the importance of good communication with undergraduate students, they did not specifi-
cally identify the ability to stimulate and facilitate discussion as a necessary strength (rated
in 16th position). This may be due to a view of labs as being primarily for hands-on,
experiential learning. One of the GTAs interviewed indicated that engaging in discussion
with students in the lab was an important opportunity to get students ‘hooked’ on the
subject and make connections to the real world. Another interviewee suggested that
through discussion the learning experience could be ‘broadened’ and ‘enhanced’ beyond
that which was demonstrated by the lab coordinator and presented in the lab manual.
While GTAs ranked discussion highly (second position), they were not consistent in
their response to the role of discussion in their work. Their overall rating of requirement
indicates a less significant role for discussion in labs (11th position).

FIS and GTAs had a similar view of the importance of using questioning strategies.
Both groups rated it in the ninth position of the 20 competencies. Herrington and
Nakhleh (2003) recommend that, rather than solving problems for students or simply pro-
viding the ‘right answer’, GTAs should encourage students to think critically and they
must know how to ask questions that guide students to discover the solution. This was
recognised by one interviewee who said that he ‘guided discovery’ by using questions to
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challenge students to ‘think for themselves’. Another said that, ‘To get them to think of
what the lab is all about, you have to ask them some questions about the lab itself.’ The
mean self-efficacy rating ascribed to this competency by GTAs (3.73, 12th in the rank
of means) suggests that it is not a strength among the respondents and they might
benefit from training in this area.

GTAs participating in this study recognised that they can help students learn by using
relevant examples to illustrate concepts. One interviewee spoke about how the use of
examples contributed to her own learning as an undergraduate student. She therefore
values and uses examples in her teaching: ‘I think that’s an important role of the TA; to
give examples and applications to help fill in that understanding.’ FIS did not identify
the use of examples as a specific strategy that is important for GTAs to use in the lab
for communication of information and ideas (ranked 14th by mean rating of
requirement).

Feedback is an essential element for learning and it is common for GTAs in the scien-
tific disciplines to be assigned marking duties for laboratory work. Competency 15, ‘Gives
frequent, regular and constructive feedback to students’ was the only specific teaching and
learning strategy that appeared in the FIS top five ranked and rated list of competencies. It
is not clear whether FIS expected this skill to be used when marking reports, when
encouraging and guiding students in the lab, or both. Like the FIS, GTAs indicated that
it is important to be fair and consistent in their marking. However, GTAs gave only a
mid-range rating of importance to providing ‘frequent, regular, and constructive feed-
back’. In agreement with the FIS view, we recommend that training programmes help
GTAs understand the importance of knowing the laboratory’s specific learning outcomes
and the level of understanding expected; the benefits of using marking rubrics or guide-
lines; and the impact of feedback on written and practical work to student learning.
One interviewee saw taking the time to provide thoughtful feedback on written work as
‘investing in the student’. Engineering GTAs in the 2013 study by Sohoni et al. (2013) indi-
cated that grading student work and providing useful feedback was very important. Doe,
Gingerich, and Richards (2013) studied the grading and instructional feedback skills of
GTAs working in an introductory psychology course and found that while GTAs gave
higher marks than did professional graders both before and after training, subsequent
to training, the GTAs did improve in accuracy and consistency, and gave more effective
written feedback.

The ability to effectively communicate information through the design and delivery of a
presentation is an important skill for both teachers and working scientists. Undergraduate
lab classes frequently begin with a demonstration or presentation to introduce students to
theory, equipment, and/or experimental methods. Competency 8, ‘Demonstrates good
presentation skills’ was also among the lowest occurring in GTA manuals and among
the lowest rated for self-efficacy by the GTAs. None of the interview subjects was required
to give presentations. However, it is reasonable to expect that lab and course instructors
could call upon GTAs to competently fulfil this role if required.

In a study of the self-efficacy of STEM GTAs, DeChenne and Enochs (2010) found that
international GTAs had a significantly higher self-efficacy for instructional strategies than
did domestic GTAs. Our results indicated a significantly higher difference in the mean
self-efficacy rating for GTAs whose first language is not English for four competencies,
three of which appear in our list of instructional practices: 3, ‘Stimulates and facilitates
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meaningful discussions with students’; 7, ‘Effectively uses questioning strategies to
promote learning’; and 11, ‘Uses fair and consistent marking strategies’.

Preparedness

Previous studies (Cho et al., 2010; Herrington & Nakhleh, 2003; Simpson & Smith, 1993)
examined the degree to which GTAs were prepared to fulfil their work responsibilities.
These studies asked about content knowledge, departmental policies, and overall prep-
aration. In addition to these, we included competencies related to preparation that
appeared frequently in GTA manuals (competencies 1 and 4). Our survey listed the fol-
lowing five competencies related to the GTAs’ preparedness for their role:

1. Effectively manages personal and work time to fulfil teaching responsibilities

4. Uses self-reflection and feedback from supervisor, peers, and students to improve teaching

9. Is knowledgeable about institutional, departmental and course policies and procedures and
institutional resources

16. Demonstrates a high level of knowledge in the discipline

17. Adequately plans and prepares for teaching duties

Interview subjects identified theirmajor responsibilities tobe assisting studentwith theirwork
in the lab and marking lab reports. Setting up the lab, ensuring a safe environment and
conduct in the lab, and teaching students how to use software for data analysis were the
other activities mentioned by the interviewees. As employees of the academic department
in which they work, GTAs are assigned tasks by faculty members and/or laboratory staff –
it is the laboratory staff who are primarily responsible for supervising their work andmentor-
ing them in their role. It is not surprising that competency 17, ‘Adequately plans and prepares
for teaching duties’ was among the top five competencies identified by FIS as important.
Related to this competency is the ability to manage time (competency 1). Graduate teaching
assistantships are typically allocated a unit of time at an hourly rate of pay. They are expected
to manage their time so that they do not exceed the allocated number of work hours. One
interviewee indicated that the whole unit of time can be consumed by lab duties and
marking responsibilities alone; preparation is therefore unpaid work.

Time management was given a significantly higher rating of requirement by respon-
dents with some teacher preparation and by those beyond their first year of their graduate
programme (p < .05 and p < .01, respectively). This competency was also given a signifi-
cantly higher rating of self-efficacy by those with some teacher preparation (p < .05).
This suggests that training and experience may contribute to an appreciation of time man-
agement skills and the necessity for preparation time.

GTAs placed a much higher level of requirement on competency 16, ‘Demonstrates a
high level of knowledge in the discipline’ than did FIS. The high level importance that
GTAs and undergraduate students place on the GTAs’ knowledge of both the laboratory
experiment and the underlying theories and concepts was recognised by Herrington and
Nakhleh (2003). One interviewee provided the following insight:

You know everything in the lab but there’s [sic] some students who will ask you something
outside. Do you say you don’t know? Is it even allowed to say ‘I don’t know’ or ‘Let me find
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out’?… You’re faced with this crisis of your abilities as a TA first and then you’re also
worried that this student might actually think, ‘This guy doesn’t know anything. So, why
would I ask him a question again?’

However, Muzaka (2009) found that academic staff perceived GTAs not to be disad-
vantaged by a lack of disciplinary knowledge but by a lack of teaching experience. GTA
manuals do not devote significant text to how a GTA’s level of disciplinary knowledge
contributes to the teaching and learning experience. GTA participating in teaching devel-
opment programmes may benefit from a discussion of what to do and how to react when
faced with a question they cannot answer or a problem they cannot solve.

A summary of the responses about teaching preparation is provided in Table 2. Half of
the survey respondents had no prior teaching preparation and only a small number had
received departmental specific training. One interview subject explained,

When I started as a TA, I felt like I was just kind of thrown into it. I had no idea what to do on
the first day; I was given no guidelines. My first day I was really, like, winging it.

For those who plan to pursue an academic career, a teaching assistantship is often the only
opportunity they have to practise teaching and develop teaching skills. It is therefore
important for the development of teaching competencies that GTAs receive instruction
in teaching and feedback on the quality and effectiveness of their teaching. In GTA
manuals, competency 4, ‘Uses self-reflection and feedback from supervisor, peers, and stu-
dents to improve teaching’ was the fifth most frequently occurring competency. Lowman
and Mathie (1993) found that it was among the four most frequently covered topics and
appeared in 83% of 18 manuals surveyed. However, both FIS and GTAs rated the require-
ment of this competency very low (16th position for both groups) and GTAs also gave a
low rating to their self-efficacy in this area (19th position). This indicates that little time
and attention is given to providing feedback to GTAs on their teaching and they are not
encouraged to take an active role in developing their teaching skills.

All six interview subjects agreed that experience was the best way to develop teaching
skills but confirmed that they do not receive feedback on their teaching from laboratory
staff or faculty members. The following quotes illustrate the lack of feedback on teaching:
‘Some profs will just leave you completely on your own’; ‘Everything I learned, I had to
learn by myself’. Three interviewees indicated that they did get some feedback on the
quality of their marking and all mentioned receiving some informal feedback from stu-
dents as they interacted with them in the labs. Four commented that formal feedback
from both supervisors and students would be welcomed and helpful. The responsibility
to be effective in their role and to develop their teaching skills should be promoted in
teaching programmes designed for GTAs. By encouraging reflection and teaching specific
strategies for getting feedback from students, peers, and supervisors, GTAs will have the
information they need to assess and develop their teaching skills.

Shannon et al. (1998) concluded that GTA training programmes spent too much time
on university and departmental policies and procedures. Likewise, our research found that
this competency was the second most frequently occurring topic in GTA manuals.
However, knowledge of institutional, departmental and course policies and procedures
and institutional resources was rated as the least important competency by FIS and
GTAs. We recommend that training programmes encourage GTAs to know the specific
course policies and procedures that directly relate to their role and responsibilities as
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lab GTAs. Programmes should also encourage GTAs to be proactive and discuss with their
supervisors an appropriate response should the GTA encounter undergraduate students
with academic or personal issues. One interview subject suggested that while GTAs
need not know about specific institutional policies and resources, they should know
where to find relevant information if required. For example, interview subjects acknowl-
edged a responsibility regarding academic integrity but admitted that they were unfamiliar
with the specific regulations dealing with academic misconduct.

Engagement with students

Of the survey’s list of competencies, five related to interpersonal skills and engagement
with students:

2. Demonstrates a high standard of ethical and professional conduct

5. Helps students understand course expectations

12. Demonstrates concern and respect for all students

18. Demonstrates enthusiasm for discipline

19. Monitors how well students are progressing with their learning and learning tasks

We note the apparent contradiction between the first-place ranking of competency 12
and the low rating of requirement for competency 19 (ranked in the 18th place by GTAs;
19th place by FIS). We expect that a concern for students’ academic performance and per-
sonal well-being would be reflected in an effort to monitor their academic progress. Of the
six interviews conducted, five participants were asked about the low rating of requirement
given to competency 19. All five interpreted it as referring to a responsibility for monitor-
ing overall academic performance in the course or programme as opposed to monitoring
learning of a specific laboratory activity and related concepts. Upon further elaboration,
two students interpreted this competency to mean keeping students on task so that
they could finish the lab activity in the allotted time. Wording that more accurately reflects
our intention is ‘Monitor how well the students are progressing with the lab activity and
their understanding of the related scientific theories and concepts.’

In research conducted by Herrington and Nakhleh (2003), TAs identified the ability to
read students’ actions and body language and an awareness of typical student difficulties as
important in effective laboratory instruction ‘ … because students aren’t normally good at
voicing their questions’ (p. 1200). It is therefore important for TAs to interact with and
monitor students during the laboratory activity. An interview subject recognised this
saying, ‘ … you can see them just kind of staring at it and they don’t really know what’s
going on. They don’t feel like asking. It’s really important for us to step in at that point.’

Learning environment

Our list of GTA competencies included two related to the learning environment:

10. Develops and maintains a positive classroom atmosphere

13. Maintains a safe and orderly learning space
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An optimal learning experience for students is characterised by a positive learning
atmosphere. Survey results indicated that FIS and GTAs do not value competency 10 to
the same degree as reflected by the frequent occurrence of this competency in GTA
manuals. However, GTAs who are friendly and enthusiastic, show concern and respect
for all students, provide clear expectations, and are well prepared and organised will con-
tribute to developing a positive atmosphere in the laboratory.

By their nature, lab environments present a greater exposure to potential hazards than
do classroom settings. In the ranking of ratings of requirement, GTAs’ and FIS ratings for
maintaining a safe and orderly working space appeared in sixth and eighth positions,
respectively. While survey results indicated that the GTAs’ self-efficacy for this compe-
tency is high, it cannot be taken for granted and teaching programmes for GTA in the
sciences should emphasise the GTAs’ responsibility to maintain a safe and orderly learning
space. GTAs must know current regulations and guidelines, be able to identify and mini-
mise potential risks or hazards, model safe practice, communicate the importance of safety
in the lab, and appropriately respond to any incident. Training programmes should
provide general training in lab safety procedures and either provide or advocate for disci-
plinary-specific training in this area.

Recommendations for training programmes for GTAs in the science
disciplines

Laboratory instruction is integral to teaching and learning in the scientific disciplines,
and effective teaching in laboratory environments is different from effective teaching
in the classroom setting. Though attempts have been made to prepare GTAs for
teaching responsibility, GTAs working in undergraduate science laboratories do not
find university-wide training programmes effective in helping them to teach in the
laboratory setting (Luft et al., 2004). Additionally, manuals are an important resource
for helping GTAs with teaching and understanding the value of good teaching, but
they are not, by themselves, sufficient to train GTAs for their roles and responsibil-
ities (Lowman & Mathie, 1993). Simpson and Smith (1993) suggest that departments
identify, in advance, the specific competencies that TAs should possess and then
design training programmes to develop those competencies. In a review of training
programmes, Shannon et al. (1998) recommended much greater emphasis on pedago-
gical methods, and Park (2004) recommended the inclusion of both generic and
subject-specific elements.

At the institution where this study was undertaken, approximately 170 graduate stu-
dents are employed as GTAs in undergraduate science labs each semester. Neither the
institution nor the individual academic units maintain records with demographic infor-
mation about the GTAs such as that listed in Table 2. A limitation of this study is the
small sample size (13%) and our inability to judge whether survey respondents were repre-
sentative of the general population of GTAs in the sciences. Also, we could not examine
discipline-specific training needs. As mentioned, we acknowledge the lack of clarity for the
wording of competency 19, and wonder how wording that more accurately reflected our
intention (Monitor how well the students are progressing with the lab activity and their
understanding of the related scientific theories and concepts) would have affected
overall ranking and rating of the competencies.
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From the mean scores, we note the GTAs’ apparent lack of discrimination in assessing
the level of importance and self-efficacy for each competency. Like earlier studies
(Shannon et al., 1998; Sohoni et al., 2013) that found GTAs rated their competence in
teaching significantly higher than faculty and undergraduate student rated them, this
suggests that the GTAs have a high level of confidence (perhaps over confidence) in
their ability to teach effectively. Self-efficacy should therefore not be a significant factor
when determining training requirements for GTAs.

The heavy reliance on GTAs in laboratory instruction has prompted us to examine the
teaching competencies required for GTAs to work effectively in undergraduate student
laboratories. With knowledge of the specific skills required, we can make recommen-
dations about training programmes and resources for these GTAs. The results allow us
to make the following suggestions for teaching development programmes for GTAs in
the scientific disciplines:

. focus on the development of questioning strategies as a means of promoting critical
thinking and learning;

. encourage GTAs to prepare and use examples to help illustrate concepts and demon-
strate relevance;

. encourage the use of marking rubrics or guidelines and discussion of grading standards
and criteria with academic staff and peers to ensure fair and consistent marking of
student work;

. emphasise the importance of reflection and feedback and encourage GTAs to seek out
and use feedback to enhance their teaching skills;

. stress time management strategies and the value of appropriate preparation for teaching
duties which includes both instructional strategies and knowledge of the lab activity and
underlying concepts;

. encourage GTAs to know relevant course policies and procedures, be familiar with
where to find information about departmental and institutional policies, procedures
and resources, and to consult with supervisors about responding to academic and per-
sonal issues

We have identified important knowledge and skills that should be considered in the
design of a GTA training programme in a faculty of science based on a review of GTA
manuals and the opinions of GTAs, and faculty and lab coordinators. Other researchers
may use the survey designed for this study (with the suggested edit to competency 19)
to examine disciplinary differences and provide information to enhance the design of dis-
cipline-specific training opportunities for GTAs. This study has not considered the scho-
larship of teaching and learning in STEM in the post-secondary setting; there is research to
be done comparing the teaching competencies in this literature and that of GTA
development.
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