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Abstract: This qualitative pilot study examined three graduate teaching assistants (GTAs) and how they used questioning techniques and strategies in their teaching. We considered data consisting of video from five class meetings for each GTA and an audio-recorded interview with each GTA. After two recorded class meetings, each GTA viewed and discussed a video case of college mathematics instruction concerning the concept of slope that illustrated various questioning techniques. The goal of the study was to explore the potential of the video-case professional development activity on GTA self-perceptions and classroom practice in the context of questioning techniques. 

Background

In the United States, 15 million undergraduates take mathematics service courses. These courses include college algebra, calculus and mathematics for prospective elementary teachers. In many cases, such courses are taught by novices (Chen & Zimbler, 2002; National Center for Education Statistics, 2000). Half of undergraduates in science and mathematics majors switch to other majors. As many as 90% say poor teaching is a reason (Seymour & Hewitt, 1997). 

Just as undergraduates may be frustrated by the quality of teaching they receive, graduate students who are teaching assistants may be frustrated with the nature of support they get in learning to teach.  The support can vary from a few hours to weekly meetings (Belnap & Giullian Withers , 2008; Hauk, Mendoza, & Toney, 2009). Austin (2002) found that while many graduate students welcome guidance and supervision in the teaching, few actually received it. The changing role of college teaching faculty, including future faculty such as graduate students, has meant a shift in focus to facilitate learning through discussion and innovative teaching techniques (Austin, 2002); many GTAs will go on to become college and university professors.
By incorporating professional development activities in initial teaching years, we can improve and shape future teaching strategies. In order to facilitate effective professional development, we need to have a better understanding of what influences GTAs and their teaching. This pilot study examines how video vignettes might influence GTAs questioning techniques and strategies in their teaching of mathematics classes. Typically graduate students do not receive opportunities to develop the skills needed for becoming a faculty member (Austin, 2002). If using video vignettes can positively influence GTAs questioning techniques and strategies, the GTAs could better facilitate learning experiences for their students. This could then improve the instruction of mathematics courses for undergraduate students.

 
The research question for this study is: What is the nature of GTAs’ appropriation of questioning techniques and strategies in mathematics classes from observing video of other people’s teaching? Appropriation can be defined in three parts. First, what do the GTAs take in, what do they see? Second, what do the GTAs articulate about what they see? Third, what, if any, shadow of impact can be seen in the GTAs teaching after viewing the videos?

Literature Review


Speer (2001) found that GTA’s beliefs about how students learn greatly influences their teaching practices. In her study of two GTAs, they cursorily appeared to have similar beliefs about learning. However, when the GTAs’ beliefs were examined at a finer grain size, there were several significant differences in what they believed. One GTA believed that that learning occurred when students formed connections between ideas. He felt that learning occurred when the students formed these connections themselves. The other GTA viewed learning as consistently recalling and synthesizing information. Both GTAs asked questions consistent with their beliefs about learning. The first asked students to explain their answers and the important connections between the big ideas of the problems. The second GTA would ask general questions about the procedures and emphasized important steps.


Pajares (1992) discussed that teacher’s beliefs about learning are unlikely to change unless they are found unsatisfactory. Often, pre-service teachers enter their undergraduate programs with beliefs about teaching and learning. These beliefs play a significant role in the teachers’ interpretation of knowledge and subsequently their actions in their classrooms.


Even before teachers enter their classrooms, they often have strong beliefs about teaching and learning. Borko and Putnam (1996) stated that prospective teachers are strongly influenced by their preexisting beliefs and ideas about teaching and learning. Whenever teachers are considering new curriculum, they learn about and use the new curriculum “through the lenses of their existing knowledge, beliefs and practices” (p. 683). 


Teachers preexisting beliefs about teaching and learning are difficult to change (Pajares, 1992). It may be beneficial for teachers to implement relatively small changes in their teaching rather than a complete overhaul of their teaching methods. Speer (2001) states “that when programs focus on the development of a small set of instructional issues in highly meaningful ways, development and change in both beliefs and practices can occur” (p. 56). Research has also shown that when teachers have a better understanding of how their students learn and make sense of mathematics, the teachers made instructional decisions based on their students’ understandings (Fennema, Carpenter, Franke, Levi, & Empson, 1996).


Expectations for university professors are changing.  In addition to teaching, research and service, faculty are expected to expand and collaborate with other faculty outside their disciplines. New graduate students often do not have the opportunity for professional development. Graduate students, who experienced supervision from other faculty, said they welcomed the input and guidance from those faculty. However, most graduate students expressed that they did not have the opportunity for such guidance (Austin, 2002).


Research is currently being conducted on the professional development for GTAs and their teaching (Hauk, et. al., 2006). The focus of this study is to determine if viewing video vignettes from that research has any impact on GTA’s questioning techniques or strategies.

Methods

Setting
Since I (the first named author) am also interested in my own questioning techniques and strategies, I took a heuristic inquiry approach from an emic perspective (Patton, 2002).  I and the two novice mathematics GTAs I interviewed had several shared experiences: (1) viewing and discussing a video case about slope and rate of change in an activity-based college mathematics class taught by an experienced professor, (2) participating in an interview that includes reviewing video and a video clip from our own teaching and, (3) possibly internalizing these experiences to (re)shape our teaching. Patton states that a that heuristic inquiry focuses on human experiences and it is the combination of the researcher’s experience along with the participants experiences that yield an understanding of what is being studied.

My epistemological stance is constructionist (Crotty, 1998). I believe that people use their own experiences to construct their understandings and make them meaningful to themselves. While I cannot completely understand my participants’ beliefs about what questions are relevant to their classrooms, I can attempt to describe their experiences and why they choose certain questions to help their students make meaning of mathematics.  


There were three participants in the study, myself and two first semester GTAs. The other two participants, Jena and Lori (pseudonyms) were teaching for the first time this semester, Jena in college algebra and Lori in liberal arts mathematics.  I taught business calculus.  We are all women and have undergraduate degrees in mathematics. Speer (2001) found that graduate students’ beliefs about learning greatly influenced how they asked their students questions. Further, beliefs about what learning is and how learning occurs influenced the support TAs offered their students in problem-solving activities. I selected novice GTAs, because I am building off of Speer’s research of novice GTAs. Since previous research has focused on GTAs teaching calculus, I focused on GTAs who were teaching college algebra and liberal arts mathematics to add to the research base in this area.

I have a bachelor’s and a master’s degree in mathematics. I am a third year graduate student working on my Ph.D. in mathematics education. Unlike the other two participants, I have had 8 years of full-time teaching experience and approximately 8 years of part-time teaching experience. My past experience greatly influences my beliefs about how students learn and construct their own understandings of mathematics.

The study was conducted at a western state university that has approximately 12,000 students enrolled. The majority of undergraduate students are required to take at least one mathematics class. College algebra and liberal arts mathematics classes have approximately forty students enrolled in each section.

Data Collection and Analysis


The participants viewed a video vignette illustrating different questioning techniques. The videos were designed to assist in GTAs professional development (Hauk, 2006). This video vignette was shown during their regularly scheduled coordination meetings. These coordination meetings occur during the semester each week for one hour. The coordination meetings are designed to assist the GTAs in their teaching duties and the GTAs receive a one hour credit for enrolling and participating. I viewed the video vignette with my graduate advisor and another graduate student so that I could have a similar experience viewing the vignette that the other two participants had. After viewing the vignette, my graduate advisor asked us a series of questions about what we saw in the video vignette. The same questions were asked during the coordination meeting that the other two participants attended. 

I also video recorded all the instructors in their classrooms prior to and after viewing the video vignettes. Since I was a participant, I took detailed field notes about my role as a participant observer (Merriam, 1998); reflecting and writing about my experience viewing the video vignettes and how I planned (or did not plan) to incorporate the observations into my classroom. Prior to interviewing the other participants, my research advisor interviewed me using the same interview protocol. I conducted the interviews of the remaining two participants. The interviews were semi-structured (Patton, 2002) and included questions relating the observed video and the individual’s beliefs about teaching (Speer, 2001).  


Each individual was interviewed once for approximately ninety minutes.  Questions in the interview discussed the instructor’s backgrounds in teaching and their education. Each participant was asked questions regarding the video vignette shown during the coordination meeting. I viewed the recorded video of the participants’ classrooms and selected clips to watch and discuss with the participants. The clips I chose illustrated frequently asked questions by the instructors during their classes. The interview questions focused on the types of questions the instructors asked and how and why they asked those questions. Also during the interview, the participants were asked if they felt they incorporated any of the techniques they saw in the previously viewed vignettes, and how they felt they may have incorporated those techniques. By discovering if the GTAs think they used a technique, when in actuality they have not, more insight can be gained into how the GTAs may be thinking about teaching. Further, professional development activities could be adjusted to more appropriately help the GTAs effectively implement changes into their instruction.


All interviews were audio-taped and transcribed by me. Using a grounded theory approach (Strauss & Corbin, 1998), the interviews were reviewed and coded for emerging themes. Through open-coding, I developed themes, and then consolidated the themes into categories and subcategories through selective coding (Creswell, 1998; Strauss & Corbin, 1998). To provide validity, researcher triangulation was used to code for the theme searching.

Results

Through analysis of the interviews and classroom observations, the categories of purposes of questions and sources of questions emerged. The subcategories of purposes of questions are (1) keeps the students engaged, (2) helps the students make connections, and (3) “Makes them think.” The subcategories of sources of questions are (1) their experiences as a student, questions that helped them to learn and (2) other instructors, both observations of and suggestions from other instructors.

All of the participants like to use questions in their classrooms. Lori uses questioning techniques that she feels worked for her as a student. Jena uses questions that she has observed other people using because she feel it helps the students “make connections” and it keeps them engaged. I found that I use all of these ideas when I ask questions. I often use the questioning techniques my instructors used when I was a student. I also try to incorporate other questioning techniques that I observe other people use. I like to ask questions in my classes that I teach, because I feel it keeps the students engaged and helps the students make connections to other topics and ideas. We all feel that by asking questions it can make the students think. I did not ask either participant what they meant when they said, “makes them think.” Upon my own reflection of what I mean by this, I have realized I would like to follow up on this with these and future participants.


Both Lori and Jena used more questions in their classrooms after watching the video of Dr. Hsu. However, due to the length of the study, it is not known if the changes persisted. This pilot study has shown promise that the video vignettes can promote questioning techniques and strategies by novice instructors. More research is needed to find out the impact these questioning techniques can have on the students and the students’ perceptions of the questions being asked
Discussion


I will now provide a more detailed description of each GTA’s storyline of questioning techniques.
Lori
Lori taught a liberal arts math class. She received her undergraduate degree in mathematics in the spring prior to this study; she had no prior teaching experience. However, she had tutored undergraduate mathematics classes in the past. A professor in the mathematics department asked her to apply for a teaching assistantship because they needed someone to teach some classes. She was approached a couple of weeks before the semester started. Although she had a few other things that she was waiting for to “come through,” she thought that teaching for one semester might be a good way for her to find out if teaching was something she might be interested in. She said, “Teaching was never something I really considered, so this might be a good way to find out if I want to pursue teaching or not.” She expressed that the teaching assignment was very last minute and she felt she could have been more prepared. As the semester progressed, she had become more comfortable with her teaching and while she never planned on being a teacher she said that she has found herself “enjoying it.” She told me “it [teaching] has been a good experience. I’m glad I did it.”


Through her course coordination meetings Lori was asked to observe other people teaching. She found this interesting because she was able to observe someone teaching the same course she was teaching. One of the people she observed was teaching a topic she had not taught. She found this helpful because it gave her ideas in how to present the material in her own class. She observed a teacher with the same course assignment teaching a topic she had already taught. She said it was interesting to be able to compare how they were presenting the material and how she presented the material. Lori expressed that observing the other instructors was a good experience and she “enjoyed getting to see how other people run their classroom.”


I asked Lori about the video vignette of Dr. Hsu she watched in her coordination meeting. She found it interesting. She was impressed with the way Dr. Hsu interacted with the students. Lori noted that the professor was able to look around the groups and know who understood and who was having trouble by their body language. He wanted to make sure everyone was involved. This impressed Lori. She stated, “I was thinking, wow, he really knows what he is doing.” We discussed a series of questions in which Dr. Hsu asked why people had chosen different graphs. He encouraged people to defend their answers but never told them if they were right or wrong. Lori believed that he was trying to “get everyone thinking.” It was fine for people to have different answers, as long as they are able to defend them.


When asked about her own classroom, Lori said that she did ask questions, but not as much as Dr. Hsu. Lori expressed that she would like to ask more questions and had been trying to ask more questions. “When I saw the video of him, I realized how little I do ask questions. So I try ever since then, I have been trying to implement that a little more.” This was also evident in my observations of class sessions. Prior to Lori viewing the video vignette, she did not ask many questions during her lectures, and after viewing the vignette, she asked more questions. The types of questions also changed. In general, prior to viewing the video Lori would typically ask “does anyone have any questions?” However, after viewing the video, I observed her asking the students “why”. I had not previously observed this.

 
Lori viewed a video clip of herself teaching unit conversions. She was discussing that there were two different ways to make the conversion. In the previous class she had taken a fraction and flipped it over when she made the conversion. She showed that you can work the problem with either fraction and get the same answer.  She then asked this series of questions: “So why can we flip it here? Why does this work? Why is it ok to change things around, to manipulate them? To make them the way we need them to be?” She asked the questions consecutively, without pausing until the end. She then waited for a response.


When we discussed this series of questions, she said that it was the same question just asked in different ways. She was trying to get the students to understand that the fraction was equivalent to one. So they weren’t changing the value, just changing the units. I was interested in why she asked the questions consecutively without pausing. She related her questioning technique to her own learning. She said that when people ask her a question and she doesn’t really understand, it helps if they reword it a little. By wording it a little differently, she said that helps her to start to understand. She related this to her students and said “if you do ask it several times, the students might hear like three or four questions. And then think ‘I don’t know all of those, but I know one of them.’” She felt that by asking several times and then waiting, that would “start them thinking.”

Jena

Jena is also a first semester GTA. She was teaching college algebra and this was the first time she had taught. Jena had prior experience tutoring undergraduate mathematics. She felt that her experience tutoring had helped prepare her for her teaching. Jena likes teaching but sometimes finds it frustrating when she can’t figure out a way to explain things to the students so that it makes sense. When she gets frustrated, she tends to go to her officemates or other instructors for help. She usually asks people whose opinion she “values.” Jena would like to complete her Ph.D. in mathematics education and teach at the collegiate level. She told me “I have always wanted to be a teacher, always.” 


Jena observed another instructor teaching college algebra. She noticed that the instructor “engaged her class a little bit more by saying, instead of just working this example or working through these questions, ‘let’s get a little more input. You tell me what to do.’ So I’ve taken that away and use that occasionally.” 


Jena and I discussed the video vignette of Dr. Hsu. She recalled that Dr. Hsu walked around and asked questions about the students’ graphs and made them explain it. When a group of students had drawn a linear graph, Jena recalled that Dr. Hsu asked, “Is it really linear?” She noticed that Dr. Hsu would look around the group to make sure everyone understood the solution. Jena believed that conducting a class with group work would be good, but she would want to supplement the classes with lecture to make sure the students really understood. Jena believed that one way to make sure the students understood was by asking them questions and having the students explain their answers. She felt that Dr. Hsu had the students explain their answers to check and see if they really understood. Jena also stated that it was valuable for here students to work together because “in my own experiences, studying for my math courses… group work can be very valuable…it can help you remember better.”


Jena and I viewed two video clips of her teaching. In one of the clips Jena was working a problem involving perimeter. She asked “What is the perimeter?” A student responded but her answer wasn’t quite right. Jena then rephrased the question “How do you find the perimeter?” When Jena did not get the answer that she wanted, she realized that the way she had asked the question was not what she intended. So she rephrased the questions to “how do you find the perimeter?” Jena said, “I was hoping they would make the connection to perimeter…So if they can understand the idea of perimeter, then they would have been able to understand how to get one of the equations.” Jena wanted the students to make the connection of perimeter to a mathematical equation. She believed that if they understood perimeter, they would be able to make the connection to the equation.


When discussing how Jena asked questions she stated, “I like that I ask more of these questions and I’m sure that I asked some before, but I think I’ve started doing it more. I think it keeps them [the students] on their toes. That’s [talking about questions] something that’s really helped me. It’s made me a little more conscious about it.”

Kitty

In my reflections on my own teaching and in my interview I realized that I have many of the same ideas about questions that Lori and Jena have. I believe I use questions to help the students learn to think. I said in my interview I like to ask questions “because I think it makes them, it makes the students think, and that’s really the goal.” My belief is that teachers are trying to teach their students how to think on their own. After my interview I wrote “I really do think that is the most important thing a teacher can do. I want my students to think on their own and make connections to other ideas.”


I also incorporate into my classes the things I feel worked for me as a student. I noticed that my previous instructors would determine if we understood by asking if we understood. I do this in my classes. I often make decisions about whether or not my students understand by simply asking them if they understand. My instructors would also ask a question and wait for a response. This is also something I do in my classes because it helped me. After interviewing Lori, I realized that may not be the best thing for everyone. This made me more aware of how other students may be thinking and why they may not answer.

Conclusion

In my reflections after my interviews, I noted that asking questions really does keep the students involved in the classroom discussions. Asking the right questions can help the students make connections to other ideas. I believe that Dr. Hsu was an excellent example of asking good questions. After viewing the videos of myself and Dr. Hsu, I realized I wasn’t asking the types of questions I would like. Since then, I have tried to make a conscious effort in my classes to ask the more probing questions, like why does this make sense, or why is this useful to us.


In the interviews, Lori, Jena and I all said that there was not anything special about their location in the room when asking questions.  All of the participants said that when they moved away from the board it was to make sure the students could see the board, or it was an unconscious decision to move away from the board. We all said that when we moved towards the board it was to move closer to or point at something written on the board.


Future research includes investigating semester long professional development, specifically using video cases of teaching in course coordination meetings, including assessment questions in the interview protocol, and GTA questioning techniques from the student perspective: do the students see their teachers asking questions, and how do they see their instructors asking questions?
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Appendix A

Outline of Interview Prompts for GTAs.

Project title: Graduate Teaching Assistants Questioning Techniques

Part 1.  Introduction

Thank you very much for helping me with this project.  My name is Kitty Roach and I am a graduate student here at UNC.  I am working on a Ph.D. in mathematics education.  This is my third year in the program.  I am collecting information about how graduate students use questions in their classrooms.  I would like to ask you some questions about how you use questions in the classes I observed you teaching.  I will show you a clip of your teaching and if you could tell me some things about what is going on during the clip, it would really help me to understand how you are using questions in your classroom.  I would also like to discuss some of the video vignettes you were shown in your coordination meetings if that is ok.

Part 2. Background and Teaching Experience.

Before we start, I would like to let you know that I may use words like “past,” “present,” and “future.”  These words may not have the same meaning for me that they have for you.  So that I can understand what these words mean to you, can you describe what those three words mean to you?  For example, if I were to ask you about something that happened in the past, where does the “past” begin for you?  If something were to happen in the present, where does the present begin for you and where does it end for you?  What about the future?  These may come up again and I may ask you to describe for me again the boundaries of the past, present and future.

Background:

First, I would like to ask you a few questions about what you are doing right now in your graduate program.  In other words, I would like you to tell me about what the “present” is to you in your program.

1. Tell me a little about your program and what you are doing.

a) Could you describe your program?  How did you learn about the program?  What courses do you teach?  Do you like the teaching?

b) How long have you been in the program?  How long have you been teaching at UNC?

c) Where are you in the program?  First year?  Completed comps?  Started dissertation?

d) When do you think you will finish?

e) What would you like to after you finish? 

Instructional Background:


1.  What courses are you currently teaching?

a) How long have you been teaching that course?

b) How did you get to teach that?

c) Do you enjoy teaching that course?  Why or why not?

d) What other courses have you taught?

e) Have you ever observed anyone else teach?  In person? In a video?  When?   What was that like?  Did you learn anything?  What did you learn?

2. What other courses have you taught?  Do you have a favorite or least favorite?  Why?

Part 3.  Pedagogical Content Knowledge.

This will be done after viewing a video vignette during the instructors’ regular course coordination meeting. 

1.  What did you think about the video vignette you watched in your coordination meeting of Dr. Hsu teaching calculus?

a) Did this seem like a real classroom situation to you?  Why or why not?

b) What questions did the instructor ask?  How did the instructor ask those questions?

c) Why do you think the instructor asked the questions in that manner?  What do you think were the goals of the instructor by asking the question in that manner.

d) Does this seem like an effective way to ask questions in a class?  Why or why not?

e) Do you think asking questions in this way could help the students learn?  Why or why not?

f) Do you use questions in your classes that you teach?  How?  Can you give an example?  Why do you ask the questions in that way?  Do you think it is effective?  Explain.

After observing and video recording the interviewees’ classes, I will select short (five to ten minute) clips to view with the interviewees.   These clips will be selected to illustrate how the instructors are using questions in their classes.  After viewing the clips with the instructors, the interview will be guided by the following questions.

2. Could you tell me a little bit about what was going on during the clip you just viewed?  What did you see?  What were you trying to accomplish?  What were the “big ideas?”

3. What questions did you ask?  How did you ask those questions?

4. Why did you ask those particular questions?  What were you trying to accomplish in asking those questions?  What do you think you accomplished?

5. How did the students respond?

6. Why do you think they responded in that way?

7. What was going through your mind when you asked the question(s).

8. Did you plan on asking that question before class?  Why or why not?

9. Was there anything special about your location in the room when you asked the question(s)?  Could you explain?

10. If you could go back, would you ask different questions or ask the same question in a different way?  Why or why not?

Part 3.  Debriefing:

Do you have any questions about what we have talked about or how you did?

When my research project is complete, would you like a copy of the final report or publication? (If so, get email or mailing address for the person.  Make sure it will still be good in a few years.)

