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What’s stopping them? Perspectives of teaching assistants on
incorporating diverse teaching methods

ABSTRACT

The benefits of active learning have been demonstrated in recent research. Still, instructors of
courses particularly in engineering hesitate in adopting such methods, teaching assistants
included. This paper discusses an online survey sent to teaching assistants within the mechanical
engineering department at a research university where information was collected regarding
perspectives and practice of non-traditional teaching techniques. The survey contained eight
items that included a mixture of selected response and open-ended response. Motivated by the
outcomes of the survey, this paper then presents a variety of teaching activities tailored to
overcome the barriers that teaching assistants face in incorporating diverse teaching methods.
The ‘tricks of the trade’ that are selected require modest preparation and few resources that
instructors can easily incorporate into the lecture to break up the pace, regain focus, and
strengthen the amount of information retained. At institutions where a smaller discussion section
supplements a large lecture, the reduced class size is ideal for a novice instructor to introduce
unfamiliar teaching methods. The included techniques (pauses, think pair share, minute papers,
effective questions, and a flipped review session) are specifically adapted for use in engineering
courses and personal examples from the classroom are given.

Introduction

Engaging students within the context of lecture-based courses is a key challenge for engineering
faculty. One of the principles for good practice in undergraduate education is for instructors to
encourage active learning.! Active learning at its core is engaging students into active
participation (e.g., discussing, questioning, sharing, doing) rather than passive participation (e.g.,
listening).” Lectures traditionally promote only passive participation and suffer because attention
spans are finite.’ The instructor can, however, incorporate active learning activities into the
lecture though few instructors within engineering choose to do so. One unheard voice is that of
teaching assistants. At many universities, teaching assistants are employed to lead discussion
sections, provide grading assistance, and provide laboratory assistance. The purpose of this
report is twofold: 1) To describe perspectives of engineering teaching assistants on incorporating
non-traditional teaching methods and 2) To propose methods that minimize the perceived
barriers reported by engineering teaching assistants.

An online survey was chosen as the assessment method to describe perspectives and practice of
engineering teaching assistants. The use of surveys for assessment in engineering education is a
common practice.® This method was chosen because it provides a way to capture data that
cannot be observed. To attempt to control question bias an expert reviewed the survey prior to

2'2/ET vz obed



administration, a common and accepted method for validating survey questions.’” Another
common concern of surveys is low response rates, however this study recorded a high response
rate (47%). Similar surveys of teaching methods and barriers to using student-centered and
research-based learning methods have been conducted at the faculty level.’

Survey

An anonymous and voluntary survey was sent via e-mail to 107 current teaching assistants
within the mechanical engineering department at a research university. The survey was sent the
morning of Monday Nov 18" 2013, a reminder email was sent the afternoon of December 3™ and
the survey was closed that evening at 8pm. The total time of collection was 16 days. The
response rate (47%) was satisfactory to obtain trends and represent the population of teaching
assistants in mechanical engineering at the university.

The electronic survey consisted of 8 multiple choice and short answer questions administered
through an online survey provider, Survey Monkey. Items 1-3 were designed to elicit
background information about the study’s participants. These items addressed a) the type of
teaching assistantship held (e.g., grader, lecturer, discussion leader), b) the TA’s year in graduate
school, and c) his/her current career interests. These questions were required to be answered by
each participant. Item 4 was also required and asked if participants had an instruction portion in
front of students during their assistantship. If participants did not have instruction duties, they
were instructed to skip Items 5, 6, and 7 and continue to Item 8. Items 5 and 6 inquire about any
teaching methods other than lecture that the participant used. If participants used alternative
teaching methods or were familiar with methods other than lecturing, they were asked to provide
those methods in open-ended response boxes. Item 7 instructed the participant to indicate the
extent to which they believe that each of six prompts represent a challenge to using non-
traditional teaching methods. Participants responded to a 5-point Likert-type scale from
‘Strongly Disagree’ to ‘Strongly Agree’ regarding prompts such as “Increased preparation time”
and “Unfamiliarity with other methods”. Item 8 was the final prompt and was an optional open-
ended item that asked participants to briefly describe their perspective on the use of lecture as a
teaching method in engineering courses. Items with multiple choices were randomized for each
survey except for true or false, which appear in that order and number of years in grad school,
which are listed chronologically. Survey responses and participants were all anonymous. A
copy of the survey is included in the Appendix.

Analysis

The quantitative results to Items 1-7 are tabulated by the survey provider and reproduced here.
Items with free response portions were produced as lists. Item 8, the free response question, was
analyzed using a method of qualitative textual analysis applied by two separate individuals using
the flow diagram in Figure 1. Where classifications on Item 8 differed between analysts, the
response was discussed and together a classification was determined.
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Figure 1. Flow diagram to sort responses to Item 8 into categories.

Responses were sorted into three categories: responses that indicated the lecture is to be
maintained as a teaching method (A), responses that deemphasized the use of lecture as the main
teaching method (B), and responses that did not include enough information (C). Of the
responses in Category A, these were sorted into responses that suggested improvements or
adaptations (A1) and responses that suggested no changes (A2). Category B was screened for
responses that suggested alternative methods to lecturing.

Results
Items 1-3: Background Information

There were 51 participants who responded to Item 1 selecting as many categories as applicable
and the fraction of responses are displayed in Figure 2. A majority of participants responded that
laboratory assistant best describes their role in their current teaching assistant position. The
second largest selection was a grader followed by discussion leader.
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As a teaching assistant, what best describes
your role? Select all that apply.
Other
Demonstration assistant
Grader

Laboratory assistant

Discussion leader

Lecturer

0 0.2 0.4 0.6 0.8 1
Fraction of responses

Figure 2. Distribution of responses to Item 1.

Item 2 was also required and therefore had 51 responses. The even distribution between the

number of years in graduate school demonstrates participation by teaching assistants from all
levels as seen in Figure 3.

Select the answer that best describes you. | have
been in graduate school...
5 years or more
4-5 years
3-4 years
2-3 years

1-2 years

Less than 1 year

0 0.2 0.4 0.6 0.8 1
Fraction of responses

Figure 3. Distribution of responses to Item 2

Responses to Item 3 are shown in Figure 4 as an average rating where 1 represents “No interest”
in career path, 2 represents “Some interest”, 3 represents “Medium interest” and 4 represents
“High interest.” Overall respondents were most interested in industry and national laboratory
career paths, while starting a company was ranked lowest overall. This item was required and
received 51 responses though participants could skip ranking a certain prompt (a maximum of 5
participants skipped a particular prompt). The average ranking for the two faculty career paths
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was compared to the average ranking for the other three career paths. There were 19 participants
who ranked their interest in faculty career paths higher than the other three career paths, 29
participants who ranked interest in faculty career paths lower, and 3 participants whose average
ranking was equal amongst the two groups.

Select your degree of interest in the following
career paths at this time:

National Laboratory

Faculty (Primarily
Undergraduate Institution)

Faculty (High
Research Institution)

Industry

Start a company

1 15 2 25 3 3.5 4

No High
Interest Average Rating Interest

Figure 4. Average rating by respondents to Item 3.

Items 4-6: Teaching Practice

Item 4 asked participants to “Answer True or False: My role as a teaching assistant included an
instruction portion in front of students.” If they answered False, they were asked to skip down to
Item 8. All others were to answer Items 5-8. This item was required and received 51 responses,
of which 41 answered “True” and 10 answered “False.” Items 5, 6, 7 were intended to probe the
familiarity of the teaching assistants with non-traditional teaching methods. If the teaching
assistant did not have an instruction portion in front of students, it is less likely they are familiar
with instruction methods and would skew the results to Items 5, 6, and 7. The results of Items 5
and 6 appear in Table 1 below, where fractions are calculated for each selection out of the total
number of respondents. For Item 5, participants could select more than one answer. For
example, both “No I did not incorporate any additional methods” and “No, I do not know of any
additional methods” could be selected simultaneously. In response to Item 5, a slim majority of
participants (22 out of 39) indicated they did not incorporate teaching methods other than lecture,
either they chose not to or do not know of any additional methods. However, Item 6 indicated
that a stronger majority of participants (25 out of 37) do not know of any additional methods.
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Table 1. Results of survey Items 5 and 6.

Item 5: Other than lecture, were there any teaching methods or
learning activities (e.g., round table discussion, think pair share)
you employed as a teaching assistant? Select all that apply.

Choices # Selected Fraction
Yes, I 1n.corporated the 17 44
following methods:
No, I did not incorporate 16 41
any additional methods '
No, I do not kn f
0, I do not know of any 8 a1

additional methods

Item 6: Please list any additional teaching methods or learning
activities, that you are aware of, but did not use as a TA.

Choices # Selected Fraction
Additional methods I 12 3
know:

I do not know of any

additional methods 25 68

Item 7: Assessing barriers to diverse methods

Item 7 asked students to rate the degree to which they agreed or disagreed that a certain reason
presented a significant challenge to incorporating alternative teaching methods. The participants
responded on a 5 point Likert-type scale where 1 was “Strongly disagree”, 2 “Somewhat
disagree”, 3 “No opinion”, 4 “Somewhat agree”, and 5 “Strongly agree”. The responses where
averaged across each prompt shown in Figure 5, where selections of “No opinion” were removed
from the average. Therefore, an average rating above 3 indicated participants generally agreed
that a particular reason was a challenge and an average rating below 3 indicated participants
generally disagreed. A prompt of “Other methods are less effective” received an average rating
of 2.89 and was the only prompt to receive an average score less than 3. Of the prompts that
received an average rating greater than 3, the highest was that of “Main instructor’s preference”
receiving an average rating of 4.09. It can be inferred from such a high rating that this prompt
over the others was the most significant challenge that teaching assistants must overcome to
incorporate diverse teaching methods. The next highest ratings were “Unfamiliarity with other
methods,” which received an average rating of 3.80 and “Increased preparation time,” which
received an average rating of 3.79. The prompt “Lack of teaching experience” received an
average rating of 3.55 and “Disinterest” received an average rating of 3.17.
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Please rate the degree to which you agree or
disagree: The following reasons present a
significant challenge to incorporating diverse
teaching methods other than lecture.

Main instructor's
preference

Disinterest

Lack of teaching
experience

Increased
preparation time

Other methods are
less effective

Unfamiliarity with
other methods | | |

1 1.5 2 2.5 3 3.5 4 4.5 5

Strongly i Strongly
Disagree Average Rating Agree

Figure 5. Average rating by respondents in response to Item 7.

In addition to calculating the average rating reported by survey participants, comparing the
number of responses of agree or disagree is another measure of the results. Interestingly, the
number of those who responded with “Somewhat agree” or “Strongly agree” on the prompt
“Other methods are less effective” outnumber those who responded with “Somewhat
disagree* or “Strongly disagree” 14 to 13. However, more respondents with an opinion on
“Unfamiliarity with other methods” responded in agreement, 29, verses disagreement, 6. Thus
many of the teaching assistants surveyed have little familiarity with other methods and yet agree
that these other methods are less effective. The number of responses for each prompt in Item 7
are shown in Table 2.

Table 2. Number of responses for each prompt in Item 7.

Item 7: Please rate the degree to which you agree or disagree: The following reasons present a significant
challenge to incorporating diverse teaching methods other than lecture.

Strongly =~ Somewhat No Somewhat  Strongly Total Average
Disagree Disagree Opinion Agree Agree Rating
Main instructor's 0 ) 7 23 7 39 4.09
preference
Unfamiliarity with
other methods 2 4 4 22 7 39 3.80
Increased 1 6 7 18 8 40 3.79
preparation time
Lack of teaching 3 6 6 18 6 39 3.55
experience
Disinterest 5 6 10 17 2 40 3.17
Other methods are 5 3 1 13 1 38 789

less effective
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Item 8: Perspectives on lecture

There were 31 participants who supplied a response to Item 8, which represents a majority (60%)
of participants who took the survey, a surprising result as many optional free response questions
are often skipped. These responses were sorted into categories as described previously (Figure
1) and the number of responses in each category are shown in Table 3. A strong majority of
participants indicated the lecture should be used as the main method of instruction (Category A).
Of those in Category A, 42% indicated that the lecture should include other methods suggesting
improvements or adaptations of the format (Category Al). However, responses sorted into
Category A2 made up the majority of responses within Category A. There were 3 responses
sorted into Category B that made statements that deemphasized lecture as a main teaching
method and two of those suggested other teaching methods to replace the lecture. There were
two responses sorted into Category C that did not provide enough information to be sorted into
either Category A or B.

Table 3. Results of sorting Item 8 responses into categories.

Category # Responses
A: Maintain lecture as teaching method 26
Al: Suggests improvements or adaptations 11
A2: Suggests no changes or adaptations 15
B: Deemphasize lecture as main teaching method 3
B1: Suggests alternative methods 2
C: Not enough information 2

While analyzing written responses we observed a few unanticipated results. Among the 31
respondents, 8 made reference to the shortfalls of either the professor or student in the current
teaching environment, either implied or directly stated. For example: “(lecture is) the ‘easy way
out’”, and “students tend to be fairly passive”. Additionally, two respondents mentioned the
necessity of lecture for large class sizes, and 5 respondents explicitly stated that the “analytical”,
“factual” or “theoretical” aspect of teaching engineering necessitates the lecture format.

Discussion

Overall the survey indicated that respondents had little familiarity with non-traditional teaching
techniques and respondents generally agreed it posed a significant barrier to implementing
diverse teaching methods. However, the greatest barrier perceived by teaching assistants was
that of the preferences of the main instructor. We only know that the barrier is perceived by the
teaching assistant and may not accurately represent an unfavorable disposition towards
alternative teaching methods by the main instructor. The other two major barriers of “Increased
preparation time” and “Unfamiliarity with other methods” can easily be addressed by giving
teaching assistants resources on research-based teaching methods that require little preparation
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time. Responses to Item 8 demonstrated that almost half of the teaching assistants surveyed were
open to improving and adapting the lecture, some even opting to replace the lecture entirely. Of
the 51 respondents, 19 indicated higher interest in a faculty career path so it is advantageous to
provide teaching resources to train future faculty. We propose in the second half of this paper
some active learning techniques that teaching assistants can implement into their courses.

Recent literature on active learning reviews the research, even addressing common problems
interpreting the literature on active learning.” Prince’s review suggests that although results may
vary in strength, there is support for all forms of active learning examined. Active learning
techniques also gain support from research on ways to engage effective information processing.®
Given the perceived hurdles to incorporating diverse teaching methods into lecture, it is easy to
see why teaching assistants are reluctant to implement them. Though a teaching assistant may be
limited in their ability to make large structural changes to a course, there are several techniques
that can be readily incorporated into an existing lecture that keep in mind the barriers teaching
assistants face. The included techniques (pauses, think pair share, minute papers, pauses,
effective questions, and a flipped review session) are specifically adapted for use in engineering
courses by teaching assistants and personal examples from the classroom are given. These
specific techniques were selected from the wealth of teaching activities because there is a large
body of research touting their efficacy, they require little or no preparation time, and can be used
by new teaching assistants without prior experience.

Tricks of the Trade

Pauses

It may seem counterintuitive but pausing the lecture may actually help students retain more
information. Rubhl et al. adopted a pause method (two minutes) during lecture and found students
were able to recall 20% more facts short term and score higher on exams in the long run.” An
effective pause while lecturing is a simple suggestion, but with great benefits. It can be effective
while moving between concepts within a lecture or while solving problems. The pause allows
students the opportunity to clarify notes and read over what they have written (instruct them to
do so). This allows the student another chance to encode this information into memory. This
pause can also be an opportunity for the instructor to adjust pace, add a transition into the next
topic, and field questions the students may have after realizing they missed something in their
notes.

Think pair share, yes even in statics!

Think pair share is a common active learning technique used to generate discussion and
interaction between students.'® The common format is thus:
1. Have students respond to a question and give them a few minutes
to write an answer
2. Ask students to pair up with another student or group
3. Ask for examples from students
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This technique is better suited when questions are similar to:

e What methods can you use to solve this problem?

e Can you think of an experiment to test the solution?
For example, ask students to describe the types of problems where using the method of joints is
applicable. Another example is to use this technique after solving for a coefficient of friction
and asking students to come up with an experiment to test the solution. Questions that would be
inappropriate for this method are asking students for an answer to a problem where only one
correct answer is possible. For example, simply asking what the answer is to an equation.

Minute paper

Another common active learning technique that aids in the process of elaboration and retrieval of
information is the minute paper.'' The common format is simple:

1. Have students spend 3 minutes (or another short period of time)

writing a summary of the main points of the lecture or a concept

2. Ask a few of them to read what they wrote
Minute papers are especially useful when there are a few minutes left in class but not enough to
tackle another problem or concept. For example, ask students to summarize how to find zero
force members in a truss or to compare/contrast the difference between a frame problem and a
truss problem. Having students recall the information during class will increase the likelihood of
recalling it later. The instructor may also choose to collect these minute papers as a form of
ongoing assessment of what students are learning. Another more creative way to use the minute
paper is to have students describe how the course content fits into their selected career. The
instructor can administer this type of minute paper at the beginning of the course and at the end
to compare student perspectives.

Effective questioning

Engaging students with questions can often be intimidating for a new teaching assistant.
Questioning students during the lecture aids in learning by asking students to process some of the
information they have received, and to retrieve this information possibly with some elaboration.
McKeachie gives some tips on what to do when you have the same student answering all the
questions and other helpful guidelines for fielding questions.'’ First time teaching assistants
often make the mistake of asking the first question they think of, which inevitably is something
like, “Does everyone understand?” This question should be avoided because the silent bobbing
of heads tells you very little information about student understanding. Better questions to start
with:
e Are there any questions at this point?
e Are there any questions on how this solution was determined?
e Are there any questions on topic A?
e You can have students write down a question on topic A and you
can collect them for the next class or to answer via an online
course system (or e-mail)
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Questions that require more higher-order thinking:
e What is missing from this solution? (e.g., units, direction,
formatting)
e  Why does the problem we solved fall under this topic?
e We came up with solution A, but let’s say we came up with
solution B, how can we tell right away that it is incorrect? (e.g.,
use a common mistake for solution B)

One example for the last question is to provide solution B that is too high or too low to make
sense for the problem. For example, if the problem is solving for reaction forces for simple
loading on a beam, and the student solves for a reaction force an order of magnitude higher than
the sum of the other forces, they should immediately question the validity of their solution. This
type of questioning is aimed at giving students intuition on the solutions to problems. Other
resources for effective questioning are works by Hyman and Greene.'*"?

Flipped review session

During a typical review session in science or engineering, instructors prepare a set of problems
that represent the topics covered throughout the course. The instructor typically solves these
problems for the students highlighting important criterion to review for an exam. In a flipped
review session, the instructor plays a minor role allowing the students to take ownership of what
they have learned; therefore, flipping the focus onto the students. The general format is thus:
1. The students are assigned into groups of 3-5 and pick from a
selection of review topics (syllabus).
2. They then have 15 minutes to prepare a problem and a solution that
reviews that particular topic (textbook).
3. Students present the problem to their peers. At least one student is
chosen from each group to present the problem and its solution to
the class.
By selecting a representative problem for their topic, students must sift through information and
identify what is most important. Then, within their group, they solve the problem, which is
another opportunity to practice and help each other understand. Finally, when students present
their problem, other students frequently ask questions. Occasionally, presenters will get stuck,
which allows the instructor to clarify a misconception that may have otherwise gone unnoticed.

The resources needed to accomplish this are: a syllabus with the course topics, and a way of
splitting students into groups, which could be a roster or seating arrangement. The preparation
time is almost none; the instructor needs only to notify students to bring their textbook to class.
This type of activity is appropriate for up to 35 students for a 50-minute time frame. Discussion
courses supplemental to a main lecture are the perfect opportunity to implement a flipped review
session where class sizes are typically small. For larger classes or limited board space, groups
can be randomly selected to present problems or volunteer groups can be solicited. Not every
group would have to present in order for this technique to be an effective learning exercise.
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Conclusions

An electronic survey was sent out to 107 engineering teaching assistants at a research university
in order to describe perspectives and practice using non-traditional teaching methods. Responses
were collected from teaching assistants across a range of number of years in graduate school as
well as various types of teaching assistants: graders, laboratory assistants, discussion leaders etc.
The survey indicated that respondents had little familiarity with non-traditional teaching
techniques and respondents generally agreed it posed a significant barrier to implementing
diverse teaching methods. However, the greatest barrier perceived by teaching assistants was
that of the preferences of the main instructor. The other two major barriers selected by teaching
assistants were “Increased preparation time’ and “Unfamiliarity with other methods.” Responses
also indicated that almost half of the teaching assistants surveyed were open to improving and
adapting the lecture, some even opting to replace the lecture entirely with ‘flipped’ classroom
settings. In the second half of this paper, we proposed a selection of active learning techniques
that teaching assistants can implement into their courses that addressed the perceived barriers
found by the survey.
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APPENDIX: Survey Questions

Below are several items related to your current experiences as a teaching assistant in the College
of Engineering. Please indicate the response that most accurately describes your experiences
and/or thoughts.

1) As ateaching assistant, what best describes your roll? Select all that apply.
e Lecturer

Discussion leader

Laboratory assistant

Grader

Demonstration assistant

Other (please specify) | |

2) Select the answer that best describes you. I have been in graduate school...

e Less than 1 year
e 1 -2years

e 2 -3 years

e 3 —4years

e 4 -—5years

e 5 years or more

3) Select your degree of interest in the following career paths at this time:
No Interest Low Interest Medium Interest High Interest

Faculty

Start a company

National laboratory

Industry

Other (please specify): | |

4) Answer True or False: My role as a TA included an instruction portion in front of students.
e True
e False

IF YOU ANSWERED “TRUE” TO QUESTION 4, ANSWER THE FOLLOWING
QUESTIONS OTHERWISE PLEASE CONTINUE TO QUESTION 8.

5) Other than lecture, were there any teaching methods or learning activities (e.g. round table
discussion, thick pair share) you employed as a TA? Select all that apply.
e No, I do not know of any additional methods
e No, I did not incorporate any additional methods
e Yes, [ incorporated the following methods:
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6) Please list any additional teaching methods or learning activities you are aware of, but did not
use as a TA.
e [ do not know of any additional methods
e Additional teaching methods I know:

7) Please rate the degree to which you agree or disagree:
The following reasons present a significant challenge to incorporating diverse teaching
methods other than lecture.

Strongly Somewhat No Opinion | Somewhat Strongly
Disagree Disagree Agree Agree

Increased
preparation
time

Unfamiliarity
with other
methods

Other methods
are less
effective

Main
instructor’s
preference

Lack of
teaching
experience

Disinterest

8) In a few sentences please briefly describe your perspective on the use of lecture as a teaching
method in engineering courses.
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