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ABSTRACT
Roach, Kitty LaneA Study of Novice Instructors’ Questioning Techagjand

Classroom Discourse Surrounding Those QuestiBablished Doctor of

Philosophy dissertation, University of Northern @waldo, 2015.

The goals of this dissertation were to examine howice calculus teachers used
guestions in their classrooms, how those questodsheir use might change after video
case-based course coordination, and what eviddno#uznce on student learning might
be seen in undergraduate student achievementrdgearch focused on one way to elicit
student ideas--by asking questions--and how primfieasdevelopment might facilitate
asking questions as a way to learn about studekitig in calculus. This dissertation
defined question depth (in terms of cognitive ded)aquestion category
(comprehension check, content check, elicit thigkprobe thinking), and discourse
neighborhood as aspects of questioning in classtoweth talk.” The mixed methods
included instructor interviews and teaching logssarvations of course coordination
meetings, and observation and video-capture fohgixs of calculus class meetings for
each of five novice instructors. Deep analysisooir fclass meetings for each instructor
informed the revision of a framework describing tbkationships among question depth,
guestion category, and the instructors’ profesdidagelopment. The teaching-focused
development activities for these instructors warerdgy regular course coordination
meetings and included the use of four video caseitaes about college classroom and

office hour instruction.



Instructors asked an average of about 50 to 128tigues per class with 62%
being low cognitive demand checks for comprehensioin you get that?” and 32%
having slightly deeper demand for a product “Whdtybu get?” or steps in a process
“How did you get that?” The remaining 6% of questidnad moderate cognitive demand,
eliciting details about decision-making “How didwdecide the pieces here for using the
chain rule?” No novice instructor in this study egka question that probed deeply for
sense-making or complex justification (e.g., “Wimathe mathematics here indicates that
the chain rule is appropriate?”). On the largeescall tended to follow the teacher
initiated-respond-follow-up (IRF) pattern, focusaa evaluating and fixing student
responses. These results reflect and extend tootlege level the K-12 research
literature, which has demonstrated that novicehtescbegin with evaluative IRF
practices. On the smaller scale, instructors hant twn ways of enacting some shared
discourse patterns, such as questions like “Dowmlerstand?” and “What is the next
step?” The main results of the qualitative work evélre detailed profiles of novice
instructors and their questioning techniques, demtation that neither final exam nor
course grades were sensitive to the small changestruction that novices implemented
when participating in video case-based professidaaélopment, and examination of
novice instructor’'s experiences of that profesdioleaelopment. The model-building
result is a revised framework for novice instruatt@ssroom communication that offers
language for noticing and talking about questiopthle and question categories in

examination of teaching practice.

Keywords:questions, novice, college mathematics instrucfmsfessional development
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CHAPTER |
INTRODUCTION
The Journey Begins
We all have moments in life that shape who we Boe. me one of those moments
happened during my first year as a full-time calegathematics instructor.

Asking One Question Can Change
Everything

After | completed my Master’s degree in pure matages and worked two years
as a teaching assistant, | went to my first futigj university teaching position. At this
university, | was fortunate to have developed aelelationship with one of my former
professors. | often sought advice from him. As kweeparing for teaching my calculus
class, my former professor dropped by and was gsinghat topic | was teaching on that
day. | explained that we would be reviewing locaximum and minimum values of
functions. My professor laughed and said “Make sune ask themwvhy setting the first
derivative to zero will give the possible maximunnainimum values.”

| replied, “Of course they know that, we alreadd laaquiz and they all did well
on it.”

He laughed again and said, “Just ask them.”

| knew my students understood the concept. Affemed had discussed this in
class, they had done homework, and they scoredonedl quiz about the topic. | decided

to prove to my former professor what | great teatheas and ask the question. The next



day in class, after | handed back quizzes, | askgdtudents, “Why do you set the first
derivative equal to zero to find the local maximamminimum values? In other words,
why does that work?”

As | stood in anticipation, waiting for my studetdsconfirm the greatness of my
teaching and their understanding of the conce,afrmy stronger students began to
explain:

We set the first derivative equal to zero sincekwew that the function

will have a maximum or minimum value when it is ebjto zero. So if we

set the derivative equal to zero, that will telldsere the function is equal

to zero and that gives us our maximum or minimutae/a
Wait, what did he say? | could not believe whatakvhearing. Not only was he wrong, |
couldn’t even understand where such an answer wanatte from. After all, we had
talked about the first derivative and how it rethte slopes of tangent lines, not to
function values. | knew that he must be alone sthoughts. | looked around the room

and saw several other students nodding in agreefineat shocked.

Before | had a chance to respond another studeht‘dko, that’s not it.”
| thought, “Oh good, now we’ll hear the correctwas”

He continued, “It's because when the derivativeaso the graph can go no lower
or no higher when we reach our maximum and mininvataes, so that’'s why the
derivative is zero, because the graph can’t beenighlower than that.”

“Oh, no,” | thought, “it’s getting worse.” and toynastonishment | looked around
the room to see students nodding in agreementthighanswer as well.

| quickly regained my composure and we took thet fex minutes discussing
why we actually set the derivative to zero. At thaint several students made comments

about the first derivative test and that now it emadnse that positive numbers related to



positive slopes of tangent lines and to the idaattie function values would be
increasing (reading from left to right). After ctaseveral students thanked me for going
over that and said it really cleared up thingstfiem.

| left the room that day completely confused. | kaaaght that! They had done
homework on the topic. They had taken a quiz amedeell. More importantly, | HAD
TAUGHT THAT! What happened? Why hadn’t they learadthis experience made me
realize that something was wrong. There was obWausdisconnect between my
perceptions of the students’ understanding andityebknew that | needed to change
how | was doing things and reassess my teachieglized that if | had not asked that
simple question, | might never have known what taglents were thinking.

That day | began to change as a teacher. It didippen overnight, but | began to
change. | realized that by asking questions | c@aliiout what my students were
thinking. | could help guide them in understandamgl asking the right question could
make them think. And so, my journey began.

My Personal Experience in Undergraduate
Mathematics

Growing up, | had often heard about mathematidsites. When | went to
graduate school to get my master’s degree, | fmutdhat my idea of a “mathematics
lecture” and what was commonly done during a mati&s lecture were completely
different.

Fortunately for me, | had an unusual undergradonatihematics experience. |
took classes primarily from my father, who was @hamatics professor at the school |
attended. In fact, | only had four different matlatits professors as an undergraduate,

my father, two of his former students, and one iophefessor. My dad helped in hiring



every mathematics faculty professor that taugthi@school. All my mathematics
professors believed that pure lecture was a higigffective way to teach.

A typical mathematics class for me as an undergatedconsisted of 10 to 15
minutes at the beginning of class in which the @sebr “lectured” at the board. During
this “lecture” the professor would ask many questiand expected answers as well as
class discussion. We would then break into gromasspend the majority of the class
working problems while the professor roamed arailnedroom to answer questions and
provide guidance. The class generally put the destk in rows for the last five minutes
while the professor gave a summary of the topiegiE for that day. For me, the
beginning of the class, which most people wouldphdy call a class discussion, was a
mathematics lecture. | did not realize that anywoald teach mathematics in any other
way, until | went to graduate school.

My first experience with an hour-long, professaliks-and-students-do-not
mathematics lecture occurred in graduate scho@.graduate course professors faced
the board and wrote, turned and stood at the aandg the room, talking about
mathematics and sometimes about how do to praofgad not always clear that the
speaking was directed to the people in the roomhdps, if the students were not there,
the lecture would have happened in the same wayallyswhen a student raised a hand
it was ignored, and when we voiced questions we\eéher ignored or told to come by
the professor’s office later. This was a completlgcking experience for me. | was still
pretty certain “teaching” like this was uniquegi@duatemathematics classes. | have
since learned that similar lecturing is considéteatlitional” instruction for high school

and college.



The Research Problem

The U.S. faces profound challenges in the globdltaohnological economies.
Our ability to meet these challenges relies indgvgrt on the instruction in mathematics
provided in the first two years of college (Presitfe Council of Advisors on Science and
Technology [PCAST], 2012). Research in educatiahfanulty development
acknowledge the complexity of teaching (and ofrleay to teach) as well as the
influences of disciplinary culture and context gaqtice. Advances in research have
enabled the education community to target preparand development to help K-12
teachers use practices, such as those in my urdielgie experiences, that are known to
improve student learning. However, the same isyabtrue at the college level. In
college mathematics, from gateway classes for éuiegichers to advanced courses for
future engineers, instructors learn about teachimgst entirely by trial and error (Kung
& Speer, 2009). The unfortunate result is reflecteligh failure rates (e.g., 60%),
particularly in calculus and its prerequisite casr§Hastings, Gordon, Gordon, &
Narayan, 2006; Herriott & Dunbar, 2009).

For most prerequisite mathematics courses a studast have a C or better to
continue to the next course. Therefore, a couraéegof D, F, or W (withdraw) is
considered a “fail” (i.e., an unsuccessful completf the course) and a course grade of
A, B or Cis considered a “pass” (i.e., a succdssimpletion of the course). Bressoud,
Carlson, Mesa, and Rasmussen (2013) report that@stadents who enroll in college
Calculus ready for the course (i.e., meeting ptpHsates and placement requirements),
at least 28% fall it. If we consider the fail ragported by Bressoud and colleagues,

approximately 85,000 students will fail Calculusalch fall semester. In response to



course surveys, students reported that the teacdhi@glculus | was “ineffective and
uninspiring, the course was ‘over-stuffed’ with tamt and delivered at too fast a pace,
assessments were poorly aligned with what was targhthe instructor lacked
connection to students and the course” (Bressoad,&t013, p. 10). The national
problem driving the research presented here iglthpent time, effort, and money of
students and university resources when so mangistsidrrive at college ready for
Calculus and fail the class. Something is happemralculus classrooms. For more
than a quarter of the students, there seems tallse@nnect between the instructional
practices and the students.

What Can be Done to Address
the Problem?

Most university calculus instructors learn to teaslhgraduate students (Seymour,
Melton, Wiese, & Pedersen-Gallegos, 2005). Manyheraiatics and science graduate
students welcome guidance in learning to teachughdew actually receive it (Austin,
2002; Seymour et al., 2005). At masters- and datgnanting institutions, graduate
student Teaching Assistants (TAS) play centralgatethe academic lives of
undergraduates. Yet, TA contact with undergraduatdgficult to quantify. Lutzer,
Rodi, Kirkman, and Maxwell (2007) report enroliméigures that indicate that 21% of
mathematics, and 17% of statistics undergraduat#lees at doctoral granting
institutions are taugtanly by TAs. Yet, these figures do not answer the goestf how
many students take at least one course during¢blége careers with a TA. One
estimate is that about 37% of undergraduates haveas a mathematics instructor at

some time (Speer, Murphy, & Gutmann, 2009). Thisateworthy, given that most



undergraduates will encounter the TA early in tloeliege careers, often in courses that
serve as prerequisites to majors or programs.

Graduate student TAs work in all of these varioniwersity department
environments. For many TAs, college classroom kedgé comes from their experience
as students of “traditional” lecture-based instiarc{National Center for Education
Statistics, 2000; Sofronas & DeFranco, 2008). Eexlyeriences as an instructor,
particularly what TAs learn about how their studethink, will influence their later work
as teachers (Kung, 2010). The roles these futardtiamembers will be expected to take
on when they enter the professoriate include tatifig learning by engaging students
deeply in sense-making (Holton, 2001). Being respanto students, particularly
engaging students where they are in their undedstgnrequires recognizing
information about student thinking from multipleusces, including the things students
say and write. As soon as an instructor startsygstiestions--particularly deep
guestions about ideas--conversation and interaetieropened. Novice instructors report
how rewarding it is to experiment with opening wmeersation in the classroom and
how valuable it is to have the opportunity to dsxthese efforts (successful and
otherwise) with instructional colleagues (Hauk, Mera-Spencer, & Toney, 2009;
Roach, Roberson, Tsay, & Hauk, 2010). In fact,etkistence of the video case materials
used in the dissertation intervention being stuaezlidence itself. All of the college
teachers in the cases, mostly graduate studemeedctp be recorded for sharing with
others (Hauk, Speer, Kung, Tsay, & Hsu, 2011).

Research has found that when teachers have a betterstanding of student

thinking, it improves teaching (Ball, 1997; Carpan& Fennema, 1992; Fennema et al.,



1996). Students perform better on exams when theg teachers who incorporate
student thinking into their daily practices (Carfger& Fennema, 1992; Fennema et al.,
1996; Peterson, Fennema, & Carpenter, 1989). Byilggahow to ask students
guestions, an instructor can open up a dialog stitdents and learn about the student
thinking in the room. The collegiate mathematicacadion literature points to a need for
insight into how TAs learn about student thinkiggpéer & King, 2009). The research
needed includes exploration of how novice instrigctearn from their own practice and
through professional development (Speer & Hald 80mcluded in the field’s
identification of needed work is a call for resdaon the instructional practices that
support learning to learn from the teaching proassdf, such as the in-class use of
guestions (Deshler, Hauk, & Speer, 2015).

This dissertation study answers that call. | ingaséd how course coordination
that includes video case based activities mightitiae reflection on and asking of
guestions in the classroom.

Research Questions

RQ1 What is the nature of novice calculus instrigtdiscourse patterns
surrounding questions they ask?

RQ2 What is the nature of questions and changeestgpning strategies within
a semester during classroom discourse by thesechsts?

RQ3 How does video case based professional developshape perceptions
and intentions about the role of questions in tewrheld by TAs?

RQ4 Does professional development that includesovichse materials hold
promise as a way to improve the learning of collegleulus students?

In this dissertation, “within a semester” referghie second half of the semester,

specifically weeks 8 through 15.



CHAPTER II

LITERATURE REVIEW AND THEORETICAL
FRAMEWORK

Introduction

This dissertation study was concerned with formdpand then testing a
theoretical framework for identifying instructor duwvledge in the area of classroom
guestioning practices. Hence itaasicresearch (as opposed to applied, evaluation, or
action types of research; Patton, 2002, p. 215.imiial framework model, presented at
the end of this chapter, is one colleagues draVé developed inductively from existing
theories about learning to teach and pilot stugdgaech in college mathematics
classrooms.

The review of the literature in this chapter semygse purposes. First, it provides
a big picture view of the research space, idemigf\pertinent areas of research to date on
college instructors learning to teach. Secondyiggbackground on the research related
to these pertinent areas, including research flaKe12 and post-secondary education
literature. Third, it introduces the framework thas the inductive hypothesis or “basis
step” for the dissertation work. At the end of thapter, as a transition to the methods
discussed in Chapter lll, | offer an illustratiohtlee framework in use.

The Research Space
The foundations for basic research are the resutlate in related research.

However, the research to date on how U.S. colleggeuctors learn to teach is sparse, as
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is reflected in research reports and national ¢atlsesearch on the development of
knowledge for teaching college mathematics (D@ff13; Friedberg, 2005; President’s
Council of Advisors on Science and Technology [PCAR2012; Reys, 2013; Speer,
Smith, & Horvath, 2010). Among the research that lheen done, about half is on
knowledge for college mathematics teaching in dakservice courses (e.g., for non-
mathematics majors)--this is part of the reasortfercalculus focus of the dissertation
project.

A richer research base exists for the related éxpegs of high school, middle
school, and elementary school teachers of mathesnanid this literature review draws
on that research, cautiously. K-12 teachers andgminstructors come to the work of
teaching with different sets of expertise in cohamd pedagogy (Kung & Speer, 2009).
Moreover, a unique aspect of college mathematssuaotor experience farovicesis
that most begin their learning about teaching aslgate students, in the context of daily
pursuit of an intellectual goal (e.g., a degreaj} th removed from the daily work of
teaching (Hauk et al., 2009; Herzig, 2004). Thesrdsearch space is concerned with the
development of post-secondary mathematics instrsigp@rticularly novices (TAS)
around teaching in calculus, particularly in seeviourse calculus (e.qg., for biology
majors).

One method for unpacking the teaching of matheméatito consider the contexts
of the intended, enacted, and achieved curricuidgyéB& Liston, 1996). Thantended
curriculumis the plan to reach specific goal knowledge statel relational
understandings over time. This is distinct from itietructional materials--the tools and

resources that comprise a series of tasks an atstrmight use. Thenactedcurriculum
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is the actual pathway followed by an instructoingshe materials, in an effort to realize
the plan (the intended curriculum). Taehievedcurriculum is the plan as it is
experienced by students. This dissertation prgeetents a multi-pronged approach to
examining a perturbation to the enacted curricutuna researching the achieved
curriculum in the larger universe of discourse i@dyate school (see Figure 1). To
investigate the enacted curriculum among novickegelcalculus instructors who are
graduate student TAs requires attention to fourgfeom Beyer and Liston (1996):
environment, intended curriculum, enacted currioyland achieved curriculum.
Environment answers questions like: What doesdkearch on teaching and learning to
teach in a mathematics department where ongiaduate student T#ell us? What does
the research oprofessional developmerdn learning about teachingpntribute to the
investigation? Intended curriculum addressed tlestons: What does the community
say in policy (e.g., MAA) and syllabi (e.g., localit the university where the research is
conducted) about calculus target learning and #tlevgay envisioned for learning it?
Enacted curriculum answers the question: What desesarch on enacted practice,
particularly on using questions for learning fraac¢hingpffer? Achieved curriculum is
about the question: What do we know about how pelgalrn calculus, particularly the

nature ofstudent thinkingn learning calculus?
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University Mathematics Department

Achieved
Curriculum

Enacted
Curriculum

Intended
Curriculum

Figure 1 Diagram of the research space.

In the diagram shown in Figure 1 each of the oypsri@presents an area open for
research. An example of the overlap in Figure &liedbw, the intersection of Achieved,
Enacted, and Intnded Curriculum, would be a situmitn which the syllabus says the
student will learn concept A (intended curriculumm)the classroom the teacher models
concept A through lecture or problem-solving ossl@om activity (enacted curriculum);
and the student understands concept A--for exardplapnstrates mastery of it on a test
(achieved curriculum).

In the area of Figure 1 label@&dan example is that the syllabus says the student
will learn concept A (intended curriculum); thed¢bar models concept A through lecture
or classroom activity (enacted curriculum); but shedent does not understand concept A
- for example, does not demonstrate mastery of & test (achieved curriculum). In

Figure 1 are®, the situation might be that the syllabus doesmutide concept A
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(intended curriculum); yet, the teacher uses can&ap lecture or classroom activity
(enacted curriculum); and the student understaodsept A - for example, demonstrates
mastery of it on a quiz (achieved curriculum). Igufe 1 area, the syllabus includes
concept A (intended curriculum), the teacher ditimodel concept A during classroom
activities; yet, the student does appear to unaedstoncept A - for example

demonstrated mastery of it on a test. A related idehe overlap among areas of the

literature in the research space, in Figure 2.

[University Mathematics Department
TA EXPERIENCE AND PD

Achieved Enactes
Curriculum Curriculum
STUDENT QUESTIONS

THINKING

Intended
Curriculum

SYLLABUS &

POLICY

Figure 2 Literature in the research space.

Literature related to the overlaps in Figure 2asevenly distributed. Some areas
are more sparsely populated than others. For exarmpisting literature in the three-way
overlap in Figure 2, area, tend to be efficacy or impact studies (very ragjch work
tells the story of success: a program or interegnis planned (intended), put to use

(enacted), and results in the desired student mésdachieved). While some studies and
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meta-analyses exist in the K-12 literature (e.tanB & de las Alas, 2009), to date the
only collegiate mathematics research in that eagéa the work currently under way by
Bressoud and colleagues (2013). Some reports ilitéh&ture are represented by arxea
in Figure 2. Commonly relying on self-report (ethe Higher Education Research
Institute studies), researchers report on howuestrs encouraged student participation
by means of questions (Questions) and give evidehkew instructor use of questions
may have played out in the classroom, sometimeateaced what is reported on by
students in course evaluations (Syllabus & Poliby};such research does not
systematically gather information on the naturelanges in student mathematics
thinking or achievement related to the presencefatesof questions (Student Thinking).
Research represented in argmight report on students achieving the goal of
participating and sharing their thinking withouétimstructor prompting, perhaps because
the curriculum itself is full of complex questioasd the policies for instructor
development focus on the curriculum driving instiare (for example, the Good
Questions project; Miller, Santana-Vega & Terr2006). Represented in argavould

be research like that often reported on Moore neetiraliscovery learning, where
students are questioning each other, data arectadl@bout student thinking, but the
research does not include attention to the rokyldibus or instructor preparation for
such teaching. As noted above, the area represgnkegure 2 byw is the area in which
research examines questions asked by the instraidonments ways students respond
with how they are thinking about the topics, arntdrads to policy behind the classroom
interaction such as methods and concepts includdtkisyllabus or in TA

preparation/policy--this dissertation contributedte very sparse literature in this area in
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two ways. First, it is not an undergraduate studecised quantitatively-driven story--
thus it augments Bressoud and colleagues’ effSBesond, the work reported here
provides detailed information about a particulgretyf instructor-of-record (TA) and a
particular type of policy (video case-based pratesa development) in the context of a
large public university.

In the sections that follow, the literature for lead the aspects of curriculum is
discussed in turn. To ground the theoretical fraor&vior the proposed work, | start with
a discussion of the enacted curriculum and theabtpiestions. This is followed by an
examination, using the lens of mathematical disseuof current research and
development literature in the guiding curriculagag for calculus, the particulars of
student thinking, and learning to teach as a novisén a mathematics department. To
set context, a section is included on teacher psid@al development and the larger
picture of the nature of graduate student expegienc

Enacting the Curriculum: Questions and
Question Strategies

Questions about Questions

When is it a good thing to ask a question? Whatktedge does a teacher bring
to bear in making the decision to ask a question decidingvhatto ask (and what to
avoid)? What additional understandings might bel@sean instructor listens to student
response and makes subsequent decisions, inmealftteractions or in planning, for
continuing a thread of intellectual activity? How people who are novices at college
teaching learn about effective mathematical disseand how to orchestrate it to support
student learning (e.g., question and answer siespEyA query like “What questions do

you have?” can be a much more fruitful openingrnt@achange of ideas in the classroom
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than “Does anyone have any questions?” or thertéf@aestions?” Asking questions
that have a "yes" or "no" answer are unlikely tdddeen as an invitation to a
conversation (Weber, 1993, Section 2.4.4). On therdhand, "What questions do you
have?" assumes that the students have questionssaied the invitation to talk about
them. When and how might new college instructoasneabout that? This is discussed
later in this chapter, in the section titled "Mattagical Discourse."

By using the variation in the types and depthsugfsgions, and questions at the
appropriate time, teachers can engage studentseffeotively with mathematics and
create greater opportunities to learn. This has lee&enced in the work in the K-12
literature on cognitively guided instruction (C@Hd in several other research studies
(Hufferd-Ackles, Fuson, & Sherin 2004; Sorto, MceaWarshauer, & Warshauer, 2009;
van Zee & Minstrell, 1997).

Though research is thin around questions peoplénasiaching calculus in
college (the specific focus of this study), Millgral. (2006) explored the ideawfitten
“good questions” in a calculus classroom. Theseewetasks and activities used by
novice instructors to examine student performawdaile largely anecdotal, their initial
work came from many years of classroom experienden@entoring of TAs. Miller and
colleagues state that good questions in taskspalik classroom discussion and allow
the instructor to assess the understanding ofttluests. These questions may not have
one correct answer, but can be used to illusthetdarger concepts of calculus.

Other research on the role of questions comesfdheaognitive and learning

sciences (largely clinical rather than classrooseldy This work has focused on the
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theoretical underpinnings of the connections betwgesstions and explanations,
including self-explanations.

Building Explanations by Asking
and Answering Deep Questions

Cognitive theories for building complex understamyof a topic place great
importance on explanation because it leads to @yamd a reduction in the amount of
processing resources needed to retrieve knowleudjexecute a cognitive skill
(Anderson, 1983; Schneider, Dumais, & Shiffrin, 498chneider & Shiffrin, 1977).
Effective co-development of conceptaald procedural knowledge may be improved by
prompting students to explain responses to seltamthers (Gray & Tall, 1994; 2001 In
deep explanations, students ezasoning(Ball & Bass, 2003). They make and test
conjectures about causes and consequences, sdek@jiand generate justifications.
The types of deep questions that prompt such eaptars include comparisons, and
gueries rooted in what-if, why, how, and counteeraplar (why-not) probes. Positive
effects of deep questions have been reported ariaty of K-16 courses (Beck,
McKeown, Hamilton, & Kucan, 1997; Craig, Sullinsjtérspoon, & Gholson, 2006;
Driscoll, Craig, Gholson, Ventura, & Graesser, 208Bolson & Craig, 2006; Wisher &
Graesser, 2007). Deep questions may be more eHestd more efficient for learning
and transfer because they allow, for example, stisde spend limited cognitive
resources on understanding the ideas underlyiofuéian rather than on generating a
solution (Rosenshine, Meister, & Chapman, 1996)hérealm of why-not questions,
asking students to explain why incorrect answegdrarorrect is common in Japanese K-
12 instruction, where mathematics achievementtstanding by world standards

(Stigler & Stevenson, 1992). Further, a numbemopigical laboratory studies confirm



18

that asking students, including undergraduate &arno explain incorrect as well as
correct solutions leads to greater learning (Grég2enkl, 2007; Rittle-Johnson, 2006;
Siegler & Chen, 2008).

Effective mathematics instruction depends on tlesgmce of deep questions to
prompt student explanations and is tied to cogaithodels of student knowledge and
understanding (Pellegrino, Chudowsky, & Glaser,1220ilson & Bertenthal, 2005).
Virtually every curriculum, and especially thosevel®ped to align with or extend the
National Council of Teachers of Mathematics (NCT2000)Principles and Standards
for School Mathematicand Common Core Standards Mathematics (NationakfBors
Association Center for Best Practices & CounciCbief State School Officers, 2010),
includes a wide range of question types in textasmbssment materials. Thus, the design
of professional development for novice mathematistuctors, and of research on its
implementation, attends to what questions are asideen, and how the resulting
explanations are responded to (by self, teachdowidearners, others).

Related to this work in cognitive science, is KiiZhe-classroom research that
has examined real enactment. Of particular intdogghis project is the work that has
examined mathematically rich classroom conversation
Levels of “Math Talk”

Hufferd-Ackles et al. (2004) reported on a caseétf a particular novice third
grade teacher (from a larger study) and the exaiutf classroom discourse over a year
as the teacher implemented a new reform-baseccalumn for the first time. The
authors’ defined “math talk” as discourse that sarfsgpthe learning of mathematicsaif

in the classroom. Their framework for identifyirrgjectories in the discourse, for both
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teacher and student, had four categories: quesgpekplaining thinking, source of
mathematical ideas, and responsibility for learnfgr my work, | focus on the
guestioningcategory along with the coding scheme they idedtifor levels of
interaction.

Within questioning, Hufferd-Ackles and colleaguescdssed four “levels” or
types of interaction. Level O was considered t@ beditional classroom in which the
teacher directs the classroom and only brief arsweresponses are required from the
students. The teacher is the only one who askdiqunesind the questions are mostly to
make sure the students are awake and paying attefitiese questions often only
require a yes or no response. Level 1 math talknsid®e teacher is beginning to focus on
students’ mathematical thinking and less on comestvers, however, the teacher is still
the center of attention. The teacher is the onk/who asks questions, however there are
more follow up questions about procedures and arsswevel 2 interactions are where
the teacher is starting to help the students meld roles and the students may even be
“co-teaching.” The teacher is modeling mathematdls The teacher asks probing
guestions and facilitates the students talkingattheother by asking the students to
explain to each other their reasoning. Studentgaceuraged to ask questions about
each other’s work. Level 3 is the last level, inieththe teacher is co-teacher and co-
learner. The teacher observes and monitors evagythat is going on. The students are
expected to ask each other about their work anthexgheir thinking to one another. The
teacher is there to guide the discourse. Manyefjtiestions are “Why?” questions and
require justification. The authors reported thathi@ case study classroom the community

of learners moved from mostly level O to mostlyde8 discourse over the course of the
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year. When the teacher introduced a new topicyahed fold back to a level 0 or 1 and
then rapidly push the classroom interactions thiéidevels by eliciting more complex
explanations from students with “how” and “why” gtiens (Hufferd-Ackles et al.,
2004).

While the “math-talk” levels identify complexity afiteractions, they say nothing
about the cognitive demand of the tasks aroundiwthe interactions are taking place.
Stein and Smith (1998) developed a Mathematicak Pamalysis Guide to offer a
framework to help identify and discuss the cogeittemand of a given mathematical
activity. In their work about implementing NCTM stdards-based curriculum in the
context of middle school mathematics, Stein, Snhignningsen, and Silver (2000)
investigated the kinds of mathematical activitissdiin classrooms and found that often
the activities that required a higher cognitive dechwere more difficult to implement
well and that teachers tended to funnel the inféiomaover-scaffolding and
transforming complex activities into tasks with aah lower cognitive demand. Their
analysis categorized four types of cognitive demanth high demand tasks requiring
procedures-with-connections and “doing math” asogpp to low demand tasks calling
for memorization/recall or procedures-without-coctiens (see Question Categories
section below for more detail on this framework).

The focal teacher in Hufferd-Ackles and colleagwestk, at the beginning of the
year, would have been considered a traditionabobasn teacher. Eventually, by
listening to students’ answers to her deeper questihe teacher discovered more about
the students’ thinking and avoided funneling taski®wer levels of cognitive demand.

At the start of the year the questions she askewdstx on the answer to a mathematics
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problem. At one point early in the school year¢heiculum suggested that she ask
“How?” or “Why?” something might happen. She didigtriggered conversations by
the students and challenged both the studentshantgacher to think more deeply about
the mathematics. As the year progressed, the olasstransitioned from all level O to
include even level 3 math talk. This occurred a&stdacher asked more cognitively
demanding “deeper” questions, supporting the dlaisk mathematical procedures with
the reasoning and justification about the mathessati

Van Zee and Minstrell (1997) conducted a studyxém@ne the use of questions
posed early in the year of a high school scienagstbom. Minstrell, the instructor, used
a type of question he referred to agfhective tossHis goal was to maintain the
cognitive demand on students during tasks. Mirisdiedcribed this process by “catching”
what the students said and then “throwing” the easbility for thinking back to the
students in the class. These reflective toss seggamsually began with a short student
statement, followed by a teacher question, whick thian followed by a student
elaboration. Minstrell did not judge student resgemnbut asked for further explanation
and often called on other students for assessimgh&ha method was correct or not,
working to “promoterue dialoguegLemke, 1990), which rarely occur during traditibna
teacher questioning (Dillon, 1988)” (van Zee & Mnadl, 1997, p. 230).

Roach et al. (2010) also found that when teaclesanded to students with a
cognitive demand-preserving question (e.g., supppgdrocedures-with-connections and
“doing math” types of activity), and then waited fbe students to respond, the result
was often a rich student discussion about the prolgosed. However, when the

instructor posed a question that lowered cogndiemand, the result was students
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turning to level O or 1 math talk. The discussiarely, if ever, continued after the teacher
evaluated a student statement for correctnessaiiers also found that the context of
the question was important. The words in a questaone with context, including how
they may have been used in the immediately pregedlassroom conversation. That is,
the conversational neighborhood mattered.
Discourse Neighborhood

The idea ofdiscourse neighborhoodas developed by Sorto et al. (2009) when
they observed and transcribed class sessions and that often when looking, even
locally, at a question sequence, it appeared tieatietacher would “misspeak” or not pay
attention to things the students said. However,nathe researchers reviewed what had
happened earlier in the class period it, was ¢lestrthe teacher did not misspeak or
ignore the students. Often the teacher was tryrghallenge the student or guide the
student in making a connection to a previouslyussed problem or mathematical
concept. Sorto et al. compared the nature of intésipon of teacher questions and
student responses in isolation and in the largetest of “discourse neighborhoods.” The
authors explained that without an awareness ofongext and setting of an instructor’'s
guestion, it may be difficult to comprehend the rayppiateness or depth of the question.
That is, sometimes a teacher may ask a “good aqunddiut it may be contextually
inappropriate or inaccessible to students. Intermdedcula often have associated
instructional material that includes a list of giimss for teachers to ask. When taken out
of context the questions can be ineffective. Thea@ns stressed the importance to “let the

big ideas drive the questions and not the otheravaynd” (p. 58).
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Even without changing the wording of a questionatdm instructor does after
asking a question impacts students’ opportunibesnigage with the query. For example,
after posing a question to a small group of stuglemteacher may wait for an answer or
walk away allowing students to decide on an anaw®yngst themselves. Both situations
of question posing have distinct aspects of questamtext. In research on context, Rowe
(1986) found that waiting longer (at least threeosels) after asking questions increased
the likelihood that students would respond. Furtiee, increasing wait time as little as
three seconds aided the teacher in respondingdest thinking (Rowe, 1986).

Along similar lines, Ingram and Elliott (2014) exa®d wait time and turn taking
in classroom interactions. The researchers hawtadshat the usefulness of wait time
is context dependent (i.e., depends on the disememghborhood). The social and socio-
disciplinary norms in the room are at work in hades for turn-taking and associated
valuing of student engagement get establishecclassroom. A five second wait time
early in a semester may be perceived and respdodgdte differently (by college
students and instructors) than the same questidnvait at mid-semester. Classroom
interactions are more constrained than conversatiateractions. This means that
without explicit attention to establishing conveisiaal or discourse norms that are
different from the common teacher asks--studeng&)ond--teacher evaluates, there are
fewer opportunities to speak and students willrofteit until a response is directly
solicited.

In each of the above examples, questions takeya fate in the teaching process.
It is important to look at the context, the dissmineighborhood, of the question and

when possible the cognitive demand-related purpb#ee question.
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What is a Question?

For this study | used the definition offered by e and Minstrell (1997) to
describe what was considered a question. In thet,vibased on a questioning taxonomy
suggested by Saha (1984), questions are utteranttea rising intonation, begun with
interrogative words (e.g., what, where, when, whlyp and how), or that start with a
verb, or other utterances that contained embeddestigns.

Question Categories

The research discussed thus far has addressetibgaas different ways. Mehan
(1979) offered a framework that focuses ontghe of question based on the type of
answer that could result (more details on thisaegein the section, Mathematical
Discourse). Hufferd-Ackles et al. (2004) approachedstions as a way of looking at the
math talk happening in the classroom. As discuabede, researchers have asserted the
value of deep questions--asked by self and otiets.the bulk of that work has
conflated the kind of math talk and question typtwhether questions occurring are
"deep" or not. None of that work has attended ftludand context as dual characteristics
of a question-based interchange. For exampleyil @math talk, the responsibility for
sense-making is with the teacher. So a teachen@$Why do we want the slopes of the
tangent lines here?" can serve to elicit studankig if the teacher steps back and waits
for students to respond, or asks students to watieidual responses down. The same
guery can also serve as a cue for students to persgls over paper to write down the
answer that will, inevitably, come from the teachiérat is, in the discourse practices of
the classroom, in particular the neighborhood adidhe question, though the question

has the potential (and may have the intent byrteuctor) to elicit student thinking, the
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enactment of the question may not be an opportdoitgeep engagement of ideas by
students.

In my earlier work, colleagues and | offered a feavork for question categories
(Roach et al., 2010). Question categories aressifileation of the pedagogical purposes
of questions. The four categories illustrated ibl€da emerged from observations of
novice and experienced instructors. By reviewirdgwi of classroom interactions our
gualitative work identified four central themesmstructional use of questions: the
instructor was, (a) attempting to assess a stuslentlerstanding (Comprehension
Check), (b) directing the focus to particular matla¢ical ideas (content check), (c)
making explicit what a student was thinking (elgtident thinking), or (d) gaining
insight into the reasoning behind a student’s thdwg thought process (probe student
thinking). While question categories are similatite Mehan types, they build on
Mehan'’s (1979) work by further classifying not otifye type of response one may expect
from the student but also the perceived intenhefibstructor. In particular, the question
categories used in this research have been devkefapa observations of actual college
mathematics classrooms. Using actual college dasss means the categories reflect
common college mathematics paradigms. In particthi@rComprehension Check
category is an example of a question that crosssahls types. Notice that in Table 1,

the two examples illustrate both choice and progtecsions of Mehan’s question types.
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Table 1

Question Category Definitions

Category Definition

Comprehension CheckTo assess one or more students’ declarative uraelisg of a
topic, procedure or task (e.g., What should weeld? Does
that make sense?)

Content Check Used to push the mathematical focus or directiohef
students’ attention (e.g., Should we try the cnala?)

Elicit Student To draw out what the students were thinking, inciggprompts

Thinking for students to communicate thaihatthey thought to other
students or teacher (e.g., What do you first natoeut this
graph?)

Probe Student Investigate reasoning behind or explanation foivarg

Thinking response or procedural work, including prompts to

communicatevhya person or group thought what they did (e.qg.,
That'’s correct, but why?)

Hufferd-Ackles et al. (2004) focused on classroascalirse over long expanses
of time (a school year) and identified questionsre aspect contributing to classroom
discourse. The identification and use of questaegories adds a finer grained approach
to examining classroom discourse, particularlydbtils around question purpose, depth
(more on this below) and neighborhood (more onhkisw).

While the question categories are a useful tooldentifying and discussing
guestions, there is a qualitative difference betw®&mes that make sense?” and “What is
the next step?” Both fall into the Comprehensiom¢&kcategory, but they make different

cognitive demands on students. That is, not akfdejuestions are of the same depth.
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Defining Question Depth

Paying attention to the immediate context of a jlaesas was possible when
reviewing video, allowed for noticing the kind ajgnitive demand explicit (or implicit)
in the question. This meant a question could begoaized by the codes from previous
research--Comprehension Check, Content Check, Bulaent Thinking, and Elicit
Student Thinking-anda cognitive-demand-identification could be madeantext. This
contextualized rating | calleguestion deptlisee Figure 3). This scale is based on the
research-based Task Analysis Guide for mathematsks, with four levels of cognitive
demand, by Stein et al. (2000).

Mathematical Discourse

At the intersection of deep questions that elici explanation and the in-the-
classroom enacted curriculum, lies the theory assloom discourse. Here the term
“discourse” (little d) means connected stretchelsuofuage that make sense to those
involved in producing (e.g., speaking) and takinig i(e.g., hearing; Gee, 1996, p. 127).

In a college mathematics classroom, discourse cormesspoken, written, and,
at times, gestural language. This can be distilhggigrom contextualized discourse,
called Discourse (with a capital D), that involvates, values, artifacts for “identifying
oneself as a member of a socially meaningful gauje signal (that one is playing) a
socially meaningful role” (Gee, 1996, p. 131). Thigy D” Discourse of academic
mathematics values explanation, justification, aaltlation (Arcavi, Kessel, Meira, &

Smith, 1998; DeFranco, 1996; Schoenfeld, 1998; Wd$93).
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Lower Cognitive Demand

Higher Cognitive Demand

Depth O

The question involved a memorization tal
or recall of information. This type of
guestion could also be to “check in” with
the students to see if they are paying
attention or for confirmation that they are
understanding the material.

skike 1, the question involved performing,

Depth 2

explaining for giving a procedure, but wa|
alsoconnectedo a concept or reason
behind the procedure. This type of quest
was used to develop a deeper
understanding of the mathematical
concepts involved to complete a problem
or to make a connection among the

on

concepts. They purpose was to engage the

students on a deeper cognitive level thar
the previous two question depths.

Depth 1

The question involved performing,
explaining or giving a procedure with no
connection to a concept or meaning behi
the procedure. This type of question
focused on what needed to be done and
how.

Depth 3

The question called for “doing
mathematics.” This type of question

nplushed students to a higher cognitive ley
and called for access and/or synthesis of
dtnowledge and experience to make
generalizations or conclusions about
mathematical concepts. This type of
question could also be used to self-regul
one’s cognitive processes.

el

ate

Figure 3 Question depth descriptors

Instructors ask questions to evaluate what studemt® and to elicit what

students think. One model of classroom discoursenton in the U.S. is the interaction

pattern where teachantiates-studentresponds-and teachefollows-upor IRF structure

(Mehan, 1979; Wells, 1993). In college classroatms,is most often initiated by

instructors, but not exclusively so (Nickerson &as, 2008). In his ethnographic

work, Mehan identified four types of teac

her quasdi (see Figure 4).
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Evaluate what students know Elicit what students think
Choices-response constrained to agreeindg’rocessesresponse is an interpretation qr
or not with a statement (e.g., Did you opinion
get 217?) (e.g., Why does 21 make sense here?)
Products-response is a fact (e.g., What diletaprocessesresponse involves
you get?) reflection on connecting question,
context, and response (e.g., What does
the 21 represent? How do you know?p)

Figure 4 Initiate-Respond-Follow-up (IRF) question typesl anticipated response type.

If choiceandproductquestions dominate a teacher’s contributionsdoatirse,
then multiple disconnectd&F interactions result in teacher-regulated leveh@ lzvel 1
math talk that does not include deep participatipistudents. This can be true even in
inquiry-based instruction (Nassaji & Wells, 2000ekMéch, 1998). Research suggests that
U.S. mathematics instructional practice is mostrofif the type characterized on the left
in Figure 3 (Stigler & Hiebert, 2004; Wood, 1994).

The use oprocessandmetaprocesguestions akllow-up (F) expands discourse
into the “reflective toss” realm of comparing arahtrasting different ways of thinking
(with justification but without judgment), monitog of the discussion itself and of the
evolution of one’s own thinking (van Zee & Minstrel997). Such IRF cycles can be
present in level 1 math talk but are more commdevel 2 math talk. Level 3 math talk
is evidenced when students regularly are initiadmoid interact with each other and with
the teacher asking all four types of questionshisway, orientation towards
mathematical culture and discourse can evolve fithmanswer is 21" to exploration of
concepts. As noted above, one example of swappohgiae prompt for a process

prompt is replacing “Do you have any questions2hvwWhat questions do you have?”
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Ryve (2011) analyzed mathematics education arttbi@sfocused on discourse
and found that only 19% of the articles gave aitbetalefinition of how they were using
the word discourse. In this dissertation work,d tise definition of discourse (little d)
offered by Gee (1996). The discourse | refer td bl that of lower case d, discourse.

The Achieved Curriculum: Student
Thinking in Calculus

Research and development in the reform of caldudwe supported an enacted
curricular focus on building critical thinking amdmmunication skills while working to
understand deeply a small set of important conceptaariation, limit, and their core
relationship in the fundamental theorem of calcullisderstanding and using covariation
and limits flexibly is foundational to success Igebra and calculus (Carlson, Jacobs,
Coe, Larsen, & Hsu, 2002; Saldanha & Thompson, 198&alculus curricula,
covariation largely occurs in the form of eitheoportional or functional relationships
(e.g., Killpatrick, Martin, & Schifter, 2003). Lext & National Council of Teachers of
Mathematics, 2007). These ideas remain centradwinitiatives revamping college
curricula (Cullinane & Treisman, 2010).

Tall and Vinner (1981) examined calculus studefutshal and informal views of
function and limits and their related concept ingaged concept definitions. Since that
time, there has been a growing body of researcheraomg how students learn and make
sense of calculus concepts. However, there is dagjeof research on how teachers may
use this information to improve the teaching otaoals (Nickerson & Bowers, 2008).
Procept

Gray and Tall (1994) came up with the tempngceptandproceptuathinking. A

procept is a way of conceiving of a mathematicatleshent, and includes faocess
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which produces a mathematicddject and asymbolwhich is used to represent either
process or object” (p. 6). Proceptual thinking oanbination of both conceptual and
procedural thinking. Gray and Tall found that studevho displayed more proceptual
thinking than procedural thinking tended to be msrecessful than those who only
thought procedurally. Procedural thinking is a ®om process or algorithm, the input
and output. Proceptual thinking is characterizedthieyability to think of symbols as
objects that can be decomposed and recomposede Wialy and Tall's and original
work was with arithmetic, the idea has been usadaore complex mathematical
situations. Farmaki and Paschos (2007) reporteda study of a student, Peter, as he
attempted to make sense of a calculus problemr&3earchers found that Peter used
many representations of the problem to help himkwimrough the problem. He used a
geometric representation that evolved, throughtiotuand visualization, into a
mathematical model that helped him reason matheaiigti He moved between the
mathematical model and his graphical representatitben referring to mathematical
theorems, to aid him in developing a proceptualeustanding of rate of change. The idea
of procept has also been extended to calculusifepamd the concept of a function.
Function

Carlson (1998) investigated student understandirfignztions. In this
investigation Carlson looked at three groups ofistus; college algebra students,
undergraduates in calculus, and graduate studbeatelwith a richer understanding of
functions seemed to show an ability to think aldaattions as processes that can have
different input values. The students who demorstratsparser understanding of

functions had difficulty thinking of the functiors@anything more than a procedure and
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seemed to have a pointwise view of functions. Thaising Gray and Tall's (1994)
procept idea, the more advanced students had egitad way of thinking about
functions. They could move fluidly between the fuoic notation and graphical
representations and thought of functions a botlkga® and object.

Tall and Vinner (1981) is a pivotal point in resgaon cognition and student
thinking in calculus. It has been a foundationatigtfor research in the last 30 years. The
bulk of work informed by Tall and Vinner’'s attemido student meaning making in
calculus illustrates how the research in mathematittication has been evolving around
student thinking. Similar to the K-12 research,caa use this body of research to inform
professional development at the collegiate level.

Professional Development

How Teachers Learn about and
Use Student Thinking

K-12 research baseThe CGI research in K-12 mathematics demonstthtesf
professional development includes a focus on stutdérking and understanding of
mathematics, then instruction changes and studenésincrease. The goal of CGl is to
provide teachers with an understanding of studenteptions so that the teacher can
better guide student learning. Carpenter, FennanthFranke (1996) conducted a study
in which teachers focused on children’s conceptmngshole number operations. The
authors found that by using CGI in professionaladepment, teachers’ beliefs that they
were a “dispenser of knowledge” began to changesantie into a more student focused
classroom in which student knowledge became watérling to and served as a starting

point on which to build knowledge.
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Carpenter, Fennema, Peterson, Chiang, and Loa®)1I88nd positive effects on
student achievement when teachers participatetbiiegsional development that focused
on students’ knowledge of number facts. These sitstiscores on number facts
exceeded students in a control group. Saxe, GeHylaard Nasir (2001) also found
positive effects on student achievement when teagteticipated in professional
development that included attention to teacherdeustandings of student thinking. In
this study, three groups were examined, one gradppnofessional development that
included examining student thinking as well as reathtical content, a second group had
professional development that focused primarilycontent without studying student
thinking, and a control group that did not partatgin the professional development.
These are promising studies that show that whefegsmnal development includes
examining student thinking, teachers become mosr@waf how students think and
student scores increase.

Collegiate mathematics According to Kung (2010), TAs primarily learn albou
student thinking by listening to student convema| seeing student written work, and
watching students work problems. During interviealsthe participants in his study
stated that they learn from seeing students wasklpms and hearing their conversations
and that they learned about student misconceplipngatching and listening to students
work problems. TAs also reported that part of themrning about student thinking came
when writing problems for quizzes and tests. Wgitihe problems caused TAs to think
about the difficulties students might have andeftect on what students might do with
the problems. TAs also said they learned abougestiLithinking by grading student work.

While grading, TAs would try to figure out a stuélerthought process from the shadows
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of it apparent in the student’s written work. Thougt as common, three of Kung’s
eight case study participants mentioned self-reéflacas a way to try to understand
student thinking, but noted that this did not ale/ayork. Some TAs mentioned other
ways to learn about student thinking for exampleijrd) office hours or by reading about
student thinking, but these were not mentionedthgrs.

Speer (2001) in her dissertation observed TAs mgl&nowledge of student
thinking by asking students questions during cailsuécitations. These recitation classes
consisted of students working problems in groupkthe TAs would wander from group
to group offering help and asking questions. Spmand that the questions the TAs asked
aligned with their beliefs about learning. For exdenone of the TAs believed that
students could have an answer wrong but still istded the material and that if their
answer was correct it illustrated an understandirige problem. This TA would often
ask questions, ignore incorrect answers, and wagpghrase a question until he was
given the correct answer. The other TA in the stoeljeved that students could have a
correct answer and not necessarily understandrtidgm. This TA would often ask the
students to go back to the beginning of the proldechexplain what they had done even
when they had a correct answer. He would then asktipns and ask the students to
explain why they answered how they did and whyptteeedure they chose would work
in the problem.

Use of Cases for Professional
Development

Noting similarities between a case video and petspractice reassures novices
they are doing some things well, while cases atswige alternatives--how things might

be done differently. Also, when novices take thelsht perspective while watching a
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case (or observing another instructor in real-tintegensitizes them to the impressions
they may be conveying to their own students. Olerast 20 years the use of textual and
video case materials for teacher preparation, mieigtcand induction have been well
documented (Brophy, 2008; Friedberg et al., 200dtfield & Bitter, 1994; Merseth &
Lacey, 1993; Seago, Mumme, & Branca 2004). Howedespite the advantages of
digital video, there are characteristics of it tdter from the bombarding of the senses
when one steps into a college mathematics clagsvileo case materials for this
dissertation project intervention include more\atiés that focus attention at particular
moments worth noticing. During case use the gotilasnovice instructors build skills in
noticing and mindfully directing attention in a cplex classroom situation. Discussion
guestions like those in the case activities to emamideo can move novice instructors
from chronological recounting of behaviors and broanclusions like “the teacher
seemed unprepared” to a dynamic analysis that ezppedagogically important aspects,
what the main ideas were, what students seemesl ttuiriking, and how an instructor
might elicit more about that student thinking (&pI2013; Sherin, 2007).

The importance of directing attention when usindeai with novices has been
researched in a variety of settings. Borko, Jacglsljorg, and Pittman, (2008)
conducted a study in which teachers were showrovitlps of their colleagues teaching.
Prior to viewing the video clips, the teachers wetd to focus on something in the clip
such as how the teacher asked questions, or ts futhow the student explained the
problem. The study took place over the course i@ftlyears, and by the end of the three
years the teachers expressed in interviews thditetiey felt they had received by

participating in the study. Benefits included @stier sense of community and a better
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understanding of student thinking. The topics mfdeo clips that were viewed
pertained to all the teachers since they all tatlglhsame lesson. This allowed the
teachers to focus on how their peers presentemhfibienation and teachers noted that
they could take away things that they saw and usgply them to their classrooms.
Teachers also reported that the video clips gaea th chance to reflect upon their
teaching and offered a stepping stone to produdis@ussions about teaching. The
authors state that it was important for the faaitits to ask the teachers to focus on a
particular aspect of what they viewed. By doing ttine facilitators avoided the teachers
criticizing one another’s teaching and were ablergd ways to discuss what they saw in
a positive manner.

Why use video cases? People think and learn throogges (Borko, 2004; Gee
1996). One method of learning and receiving viagsiexperience is through watching
video of teaching (Sherin, 2007). The video vigeetind associated activities used in
this dissertation work grew out of what is knowmabprofessional development in K-12
and college settings (Hauk et al., 2011).

Effectiveness of Professional Learning

K-12 research When teachers better understand student thinkimgproves
teaching by helping teachers understand that tegasimore than just talking (Ball,
1997; Carpenter & Fennema, 1992; Fennema et &6)18urther, students whose
teachers find ways to incorporate student thinkmg their daily practices, perform
better on exams (Carpenter & Fennema, 1992; Feneealg 1996; Peterson et al.,

1989). It seems reasonable that if K-12 teachearsroprove teaching by having a better



37

understanding of student thinking, university antlege teachers could also improve
teaching by having a better understanding of stutenking on a collegiate level.

This is further supported by The Council of the&l8tate School Officers
(CCSSO0). The CCSSO “is a nonpartisan, nationwideprofit, organization of public
officials who head departments of elementary acdrsgary education in the states, the
District of Columbia, and the Department of Edumatti(Blank & de las Alas, 2009, p.

2). One of the primary purposes of the CCSSO mdwide leadership in assessing the
condition of K-12 education. Blank and de las Apasvided a synthesis of published
research that dealt with professional developmedtsaudent performance. While there
is a large body of research in K-12 dealing witbfgssional development, there is little
research that translates professional developmesttitlent achievement. In studying
articles from January, 1986, to August, 2007, tba@rs identified 416 articles that
addressed professional development. Of thoseestall but 20 were eliminated because
of incomplete or inconsistent methodology or reijpgrtThe 20 that remained were
empirical studies that dealt with in-service K-1atheematics and science professional
development in the United States, and reportedwateat achievement outcomes--not
feelings, impressions or opinions (Blank & de ldash 2009). The researchers found that
there were characteristics of professional devetpyrthat did result in higher student
achievement. First, the professional developmentilshalign with the school’s learning
goals and/or curriculum. Second the professionatid@ment should be calibrated to the
day to day operations of schools and teachers.ldstdthe professional development
should align with the practices and knowledge nexgliby teachers’ particular classroom

assignments (Blank & de las Alas, 2009).
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In examining relationships between types of protesd development activity it
became clear the most powerful change came witmsrmlus follow-up format and
engaging participant teachers in learning. Blank da las Alas (2009) found statistically

significant positive correlations between:

public presentation at a conference and leadingausision or teanr €
1.000)

» summer institutes and developing assessments giesivieg student workr(

=0.345)

* summer institutes and observing other teachers)(418)

» study group and receiving classroom mentorirng (0.579)

» classroom mentoring and engaging in learning né¢ror 0.796) and

» classroom mentoring and developing assessmengviemwing student work

(r =0.883).
These relationships are illustrated in Figure 5y Blosed loop was shown to result in a
statistically significant positive correlation assdribed above. All the PD reported on by
Blank and de las Alas included Summer plus Follgfarmat.

College level There is little research at the collegiate ldiaal investigates how
professional development around examining studenking could impact teachers’
classroom behaviors and none to date on whethetréimslates into higher test scores for
students (Deshler et al., 2015). So what has beeedThe research surrounding
professional development at the collegial level praarily been about how teachers, in

particular graduate teaching assistants, think iastodent thinking.
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Learning Teams
Networks

Public
Presentation

Plan-lImplement-
Reflect-Cycle

Content Rich
Summer + Follow
Up Format

Reviewing
StudentWork

Classroom
Mentoring

Developing
Assessments

Figure5. Constellations of effective Professional Devetept (from Blank & de las
Alas, 2009). Darkened set of connected ovals aexample of an effective
constellation. Adapted from Deshler et al., 2015).

In his examination of the growth of awareness ofisht thinking among graduate
students working in an Emerging Scholars activiigda instructional environment,
Kung (2010) reported that TAs learned differenbgfsi depending on what artifact of
student thinking they considered. Office hour iat#ions were informative to novice
instructors about thinking processes in ways thadigg student work was not. However,

grading student work gave TAs familiarity with commstudent slips and errors.

Classroom interaction gave an additional kind érimation about student risk taking
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when in an unfamiliar problem situation--and thsk taking differed depending on the
classroom atmosphere (Kung & Speer, 2009).

Graduate student TAs work in an environment thdtfferent from the K-12
setting. Herzig (2002) researched mathematics dalcttudents and developed a model
illustrating her findings on why these studentysthand finished their PhDs and why
some students did not finish. Herzig claims thatnter for students to be successful they
must feel integrated into two primary communitiép@ctice, the Course-taking
Community of Practice and the Research CommuniBrattice. Herzig noted that after
the students “proved themselves” in their classwbey still needed to be accepted to the
research community of mathematics. This “acceptamaemally occurred by a professor
encouraging or reaching out to the student. Ifstineents did not feel accepted into both
of the communities, the student did not finish thiegree.

Theoretical Framework

This dissertation project blends the extensive eratitics education research on
teacher knowledge and practice development withi@kpttention to the emerging
literature on college instructor development. Intigalar, the conceptual framework is
built on the foundation of pedagogical content klemlge. Pedagogical content
knowledge (PCK) is the collection of knowledge rastors have about the discipline-
specific challenges students encounter, stratégidslping students, ways to listen to
identify not only learners’ thoughts but also thimkprocesses, and skills for regulating
practice (Ball & Bass, 2000; Shulman, 1986). Novdo#ege mathematics instructors

acquire PCK in many ways such as grading, examithiem own learning, observing and
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interacting with students, reflecting on and disoog practice (Kung, 2010; Kung &
Speer, 2009; Speer & Wagner, 2009).

College mathematics PCK is related to subject mattewledge in that it draws
on the foundations of mathematical approachesimgitiy (e.g., reasoning, proof, and
problem-solving) but is different from such cont&nbwledge in that it involves using
these ideas in the context of working with peopliaer than in working with
mathematics. College mathematics PCK includes kedgd about formal and informal
mathematical discourse, including teachers’ araibgms regarding their adult students’
thinking and how to turn teacher intentions intbats (Hauk, Toney, Jackson, Nair, &
Tsay, 2013). These ideas are operationalized sndissertation work by a focus on
seeking and responding to student thinking thramggstions.

The emerging consensus in faculty developmentasitlis clinical work:
instructors must evaluate, diagnose, and presasibée also developing their practice
(Hinds, 2002; Persellin & Goodrick, 2012). Greatess in preparing clinicians in
medicine, psychology, law, and education has cdmmugh case- or story-based study
(Boud & Feletti, 1997). Improving college matheratieaching can productively start
with ways to build instructional self-awarenestigh opportunities to compare and
contrast to other people in a variety of contektagon, 2010). This method has been
making its way into college instructor preparatibrough case-based materials
(Friedberg et al., 2001; 2011Hauk, Speer, Kung,s&yl 2010; Hauk et al.,).
Framework

This dissertation study extends existing theoryudlaspects of discourse (e.g.,

guestions as part of math talk; Hufferd-Ackleslet2004), types of questions (Mehan,
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1979), as well as categories and depth of questpiarigular to college mathematics
instruction (Roach et al., 2010) by documenting analyzing the occurrence gfiestion
categoryandquestion deptlas dimensions of interrogative discouirseontext
(discourse neighborhoojlsTable 2 summarizes each of the question demiths a

illustrates that question depth crosses questitagodes.

Table 2

The 44 Matrix of Relationships Among Categories and DeptQuestions

Comprehension Content Elicit Probe
Check Check Thinking Thinking
Depth O Calls for memorization or recall
Depth 1 Goal is procedural, without connectiondoceepts
Depth 2 Purpose is connection between solutiomr@asbn/sense-making
Depth 3 Target is “doing math”: create, synthesmake and justify conjectures

Attention to all three characteristics, questiategoryanddepthin the context of
neighborhoodallows a multi-faceted method for documentingsgioa-driven discourse
as part of instruction, and for examining changdigtourse spurred by questions, over
time. Further, the categories and depths are am ai@ntifying patterns in discourse. |
have theorized that discourse patterns can beabkaraed productively by question
structure (content, category, and depth) and cogescourse neighborhoods). This
framework offers a language for doing researchherstructure and context of questions

and related discourse patterns.
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To situate the above framework description, condiake image in Figure 6.
Imagine the diagram as a mobile. The video casedoastivities are analogous to the
wind that would blow the mobile and move and adihstdifferent hanging pieces. The
mobile is supported by an individual’'s understagdihthe mathematical topics, in this
case calculus. Instructors bring to their teaclairogllection of past experiences with both
teaching and learning as well as communicationaereathey engage in while planning,
instructing, and reflecting on teaching. Givenfibeus of this dissertation study, the
framework represented in the mobile has two prineayches, communication (in this
case as articulated in the Math Talk framework) ematext (in this case the beliefs and
experiences of the instructor). The Math Talk brarepresents the implementation of
teaching the mathematical topics. Within the Hufféckles ’ et al. (2004) Math Talk
framework there are four theorized aspects: mathieah@wnership of the ideas being
presented, responsibility for learning, explanatbthinking, and questions related to the
conversations and communication taking place ircthgsroom. While communication
has many aspects, the focus of this dissertation guestions, specifically question
categories and depths. As Figure 6 illustrates,dfssertation study addresses one small
aspect of teaching. However, as is the case witllaile, when one piece is adjusted or
blown by the wind (video case based activities,ehtire mobile can shift, move, and/or

readjust.
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Mathematics

Topic

Conmumnication TA Beliefs &

{Math Talk) Experiences
IMathematic Fesponsibilite Explanations of . ) ) ) )
Cwnership for Learning Thinking Questions As Leamner AsTeacher

\r/ S~ S’
. Cuestion
Cuestion Depths Categories

S

Video Casze Based
Activities

Figure 6 Representation of the dynamic relationships amdext of the theoretical
framework--a mobile of connected ideas

Leveraging Best Practices and Emerging
Work in Professional Development (PD)

Research in professional development is much maitena at the K-12 teacher
level, and this dissertation project adapts manysdfest practices. Currently, K-12 work
asks teachers to carefully examine the contensgnthx of mathematics, of the
classroom, school, and community environments,arielaching and learning (Boston &
Smith, 2009; Schifter & Fosnot, 1993; Simon & TZ2004). Several research projects
have demonstrated that these K-12 PD practicesfia@ive at increasing teachers’
opportunity to learn both mathematics and pedagBgyko, 2004; Wilson & Berne,
1999). For PD format, the Blank and de las Ala®@@vork suggested that PD built to
include an intensive start and at least two oféhmmstructs shown in Figure 4, spaced
across several months, scaffolds instructional emess and leads to improvements in

student learning. The design of TA developmentigtf&search University (BRU)



45

begins with an intensive workshop and include$ial constructs in the follow-up work.
The dissertation research focused on the promisas#-based work to support instructor
learning in each of the areas, with special atbentidb cases that ask instructors to
examine student thinking/student work.

Teaching and learning improve through scrutinyhef tcontent and processes of
classroom activities, examination of instructiosi@ategies and student learning, and
discussion of ideas for improvement (Ball & Coh#®99; Driscoll et al., 2003; Kazemi
& Franke, 2003). Notably, such scrutiny is not ¢aaised to live classroom observation
and may include analysis of classroom video (Seagb., 2004; Sherin, 2007).

The foundations of the theoretical framework conoenf combining ideas from
K-12 research on classroom “math talk” (Hufferd-hesket al., 2004) and task analysis
(Stein et al., 2000) along with college-level exptions about “good questions” in
mathematics instruction (Miller et al., 2006). larficular, it addresses questions asked in
undergraduate calculus | classrooms.

Example of the Question Depth
Framework in Use

Using this body of work, my colleagues and | depeldba framework (Roach et
al., 2010) to help teachers identify and discussypes of questions they ask (or want to
ask) in a calculus classroom. This framework caiegd an instructor’s intention of a
guestion by determining whether the instructor assessing a student’s understanding
(Comprehension Chejlkdiscovering what a student is thinkirigi€it Student Thinking
or gaining insight into the reasoning behind a stu@ thought or thought process
(Probing). These categories have two dimensions: (a) tdeeace toward which a

guestion is directed and (b) the cognitive demdadgal upon the students by a question.
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We noted that an instructor might pose a quesubatfterent audiences including an
individual student, a group of students, or theslas a whole. We took into account the
previous mathematical concepts covered prior teckhgses of focus, and followed
Stein’s and Smith’s (1998) levels of mathematicdivaty to determine the cognitive
demand a question placed upon the students.

During our initial coding process, we found thatdieers utilized questions to
explore students’ understanding at varying lewalsile we were able to use our
previously established framework to describe teethatention (Comprehension Check,
Probe Student Thinking, Elicit Student Thinking)emhposing questions to their
students, we were not satisfied that it effectivanveyed teachers’ attempts to explore
and survey the depths of their students’ concemtexalopment of a topic. We addressed
this issue by using Stein and Smith’s (1998) taslysis guide to identify the depth of
mathematical activity (memorization/recall taslkggedure without connection to concept
task, procedure with connections task, “doing m#aksk--where sense-making and/or
non-routine problem solving is required). In thasdroom, a procedures with
connections task can be turned into a memorizatiogrcall task by the question a
teachers asks.

The more experienced instructor would ask a queshtiat maintained the
cognitive complexity of the task. Then he waiteddaesponse. This was his way of
trying to get the students to discuss possibleti®oisi or ways to solve the problems. In
several cases the TAs would reduce the depth dbtie telling the students the
procedure needed to work the problem (e.g., chgrhie task from procedures with

connections to procedures without connections)thed the students would finish the



a7

problem and move on to the next. In some instaribesTAs would not tell the students
what to do and would offer some guidance but thatkwaway from the group. In these
instances, the conversation in the student groudduze on a deeper level after the TA
left the group, the student discussion would cainrhe students then excitedly debated
the problem until they solved it. Only the expeded professor was observed asking a
probing questions which required an explanatiomftbe students. Further, the professor
was rarely observed asking a question that turnedeask into a recall task.

We also developed a visual tool to aid in obsertireggquestion depth and the
time frame of the question sequence (Roach e2@l0). | provide an example below in
Figure 7. In this example a teaching assistantjdbanas speaking to a group the day the
class began talking about antiderivatives. Durhig line of questioning, Daniel does not
elicit the student thinking or probe the studemiking. He begins with a “procedure with
connections” Comprehension Check and moves dowaride depth recognition (or
memorization) question. This was typical, espegi@t Daniel, to ask a higher depth
guestion and then immediately follow up and endhpitogressively lower depth
guestions. After Daniel left the group, the conatis immediately ended and there was

no further discussion by the students about thie.top
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Question Depth vs Time (Daniel)

4

Figure 7. Question Depth vs Time (Daniel). The verticalsagiquestion level and the
horizontal axis is time in seconds.

The TA in the next example, Jennifer, approachgrbap and began with a lower
depth question and ended with a higher depth quegiee Figure 8). Jennifer left the
group quickly after asking the higher depth questad told the students to think about
it. After she left the group, the conversation cmntd. They were very actively

discussing the problem and eventually came to dheect answer.

Question Depths vs Time (Jennifer)

1
. . ./"

1 11 22

Figure 8 Question Depths vs Time (Jennifer). The veri#oas is question level and the
horizontal axis is time in seconds.

These graphs allowed us to visualize and trackethed of the questions posed.
The second example was an unusual pattern forAlse However, it was not unusual for
the experienced professor, who often only askethdeg or three questions and

normally ended on a higher depth question, usw@atlgpth two or depth three. We
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noticed that when the questions ended with a deyilor depth three, the discussion by
the students afterward continued in a much moreusmstic manner and the students
would normally come to the correct conclusion with problems.

The depth of the question seemed to impact dir¢ledydiscourse that followed.
This leads me to believe that there may be a oslshiip between question patterns and
discourse patterns.

Tsay, Judd, Hauk, and Davis (2011) studied pattefadsscourse (Gee, 1996) in a
college mathematics classroom. The researchersbviecorded one professor’s class for
an entire semester and found four patterns of drseo Pattern A, sense-making; Pattern
B, establishing or continuing of social norms; BattC, lecture pattern; Pattern D,
conflict escalation and resolution. The majorityttué professor’s discourse patterns
across the semester fell into the Pattern C cagggd€6 of the class time) and the second
most common fell into the Pattern A category (25%he class time). The authors
further claim that these patterns demonstratedetied of questions, as defined by
Hufferd-Ackles et al. (2004). In Pattern C, thecdigrse and question level was likely to
reside in Level 1. The professor would ask a qaasand the students would respond. In
Pattern A the discourse and question levels werslynatthe Level 1 and 2 and
occasionally Level 3. However these discourse paterere more likely to fall into
Pattern A by midterm and the discourse level residainly at Level 1. | take from this
research that by examining the Pattern level afalisse it is likely that the question

levels will fall into similar categories.



50

CHAPTER 1l
METHODOLOGY
This chapter provides detailed descriptions ofrésearch design and
implementation for this dissertation project. Thejgct was motivated by my own
ontological and epistemological orientations alentp a desire to understand how we
learn to teach college mathematics. The chaptanb@gth my ontological and
epistemological stances. This is followed by ausson of the dissertation study’s
setting, participants, description of the course imtended curriculum, and approaches to
data collection, analysis, and reporting. Includegithe model for connecting the
research questions and data sources, discussioainfaining rigor in the research,
limitations and delimitation of the study, andragiine of the work.
Researcher Stance
My ontological stance for the study was postpossitivn this worldview, while
there is a reality, people’s perceptions of iteliffPatton, 2002). In this paradigm, “it is
possible, using empirical evidence, to distingliehween more and less plausible claims,
to test and choose between rival hypotheses” amek ¢o defensible conclusions about
what is true (p. 106). It was my job as a researthaterpret individuals’ perceptions
and report as objectively as | could, based on erggnal perceptions. | further claim
that the instructors involved in this study heldoamon shared reality. They were all
novice instructors dealing with common anxietiesogagated with being new to teaching

and new to their graduate programs.
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My epistemological stance for this proposal wasstctivist, both social and
radical. | held to the belief that people consttheir own knowledge and that knowledge
is influenced by their environment. This knowledg® be a shared knowledge within a
group, as in social constructivism, or the knowkdgn be individually constructed, as in
radical constructivism (Schunk, 2004).

Setting

In this section | offer the institutional and depaental contexts in which the
study occurred. Participants taught calculus asaarch 1, doctoral granting public
university, referred to here as BRU. | chose taufoon calculus learning by non-
mathematics majors. As noted earlier in Chaptendist students in college calculus are
not mathematics majors, and the early teachingresqpees of novice instructors tend to
be with this population. The choice of a course seaves a large population and is often
taught by TAs was purposeful, so that results migivie broad transferability.

| worked with the course coordinator, Dr. Walepsaudonym (see Appendix A
for letter of commitment). As part of the regulasisheduled coordination meetings (all
of which | attended), | facilitated four video cassivities with the participating calculus
instructors in Fall 2013. These video case actisitncluded watching a video vignette,
answering questions in the related materials, medipg to discussion prompts about the
video, and completing associated activities. Whdleeduled to meet weekly, the
coordination sessions were actually convened atdhese coordinator’s discretion and
occurred less often. The group met 10 times duhed-all semester. | facilitated use of

video case materials during four of the last saweetings.
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Video Case Selection

The video cases were created to illustrate aspétemaching that may be
encountered by instructors (Hauk et al., 2013) |8 8lgives an overview of the available
cases. Most focus on how students think about meties and how instructors might
engage students in discussing mathematics. Thersvarcases on aspects of classroom
norm-settingFirst Day andGrades Knowing | had time for at most four, | chose them
to span the ways instructors and students intarattased on advice from one of the
developers (i.e., Dr. Shandy Hauk, co-advisor of tlissertation research) about which
cases had been most engaging with novice calcllssfield-tests. The priorities in
selection were (a) to address a variety of insimanel interactions, (b) to involve calculus
content, and (c) prior experience in facilitatihg tase before with TAs.

The first case chosen to facilitate during the gtiedused on teacher moves in a
calculus classHacilitating Group Work The second case facilitated was the only case
that showed a calculus teacher during office h¢Qfce Hour3. The third case
facilitated was set in a calculus class and eaepsdon students working together (i.e.,
no teacher in the vide#&ngelica’'s Group. The last case was about socio-mathematical
norms and assessment decision-makiigafes) These four cases satisfied priorities 1

and 2 for selection.
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Table 3

List of Available Cases

1. First Day - establishing classroom norms and setting the fionlearning in
class.
2 Facilitating Group Work- examining instructor-student communication dgrin

group work in calculus.

3 Angelica’s Group- exploring student thinking as calculus studevisk
together and discuss a new idea.

4 Processing Student Feedbacdtteveloping strategies for using student feedback
to improve teaching.

5 Office Hours - making the most of this important one-on-oneetiny leveraging
student thinking

6 Choosing and Ordering Student Werstrategically selecting and sequencing
students' ideas to scaffold a whole class discnssio

7 Grades- exploring various purposes and consequencesfefaht approaches
to assessment.

8 Leading Whole Class Discussiongrchestrating a student-centered whole class
discussion
9 The Communication Gapdiving into differences between how instructors

discuss mathematical ideas and how their students d

10 What Do They Really Get®xploring student thinking as students determine
whether an infinite series converges.

Note Cases used in this study are in bold.

Prior experience also influenced the selectiorhefitideo cases. | had led the
Facilitating Group Workcase multiple times before. The case focused anihstructors
interact with groups of students and the questibasnstructors ask to get the students to
express what they are thinking. The creators osdwend cas&ffice Hours conducted

pilot studies and found TAs valued the conversatistimulated by the case (Hauk et al.,
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2011). This case showed two different instructooskimg with students during their
office hours and showed how those instructors additee questions the students have
brought for the instructor to answer. The thirdeadtcaseAngelica’s Casgwas chosen
due to the mathematical topic being discusseddrpap of students. The case illustrated
how a group of students think and talk about antrdéves. Antiderivatives were going

to be taught during the next two weeks of instarcin the classes | was observing, and |
decided that this video case would be one thaihi$teuctors could relate to the classes
they were teaching. The fourth and final video ¢c@sades Casewas chosen because
field-tests indicated it was a topic the TAs wofiidl interesting and relevant to their
own classes (Hauk et al., 2011). This case was slabwhe end of the semester, two
weeks prior to the final exam and assigning gra@les.case discussed what grades mean
and how grades are determined.

One instructor chose not to participate in thelgt@and he did not attend the four
course coordination meetings that | facilitatede Ginaduate students who were TAs at
BRU typically taught freshman and sophomore leledses. Each was the instructor-of-
record for a course and was responsible for tegdhia class and assigning homework.
The classrooms focused on in this study were Qadclar Biological Scientists.

Participants

Participants were instructors at BRU teaching daktor Biological Scientists.
There were five participants in this study. Alldiparticipants were novice instructors.
Four were graduate TAs and one was a recently gtadunstructor. For the remainder
of this document, | refer to those who are instucif-record (both TAs and other non-

graduate student instructors) as “instructors.” fitee participants in the study consisted
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of one first semester instructor, three instructortheir 3rd or 5th semester teaching, and
one instructor in her"8semester teaching (teaching no more than thresesper year).
Pseudonyms were chosen for each of the particip@hespseudonyms are Nick, Disha,
Omar, Pramod, and Evelyn. The number of syllabidbe person’s pseudonym is based
on their experience. Nick was given a one syllalalme since this was his first semester
teaching. Disha, Omar, and Pramod, all had twoto $emesters teaching and therefore
a two syllable name was chosen. Evelyn was givitmeg syllable name, having eight

semesters of college level teaching (see Table 4).

Table 4

Overview of Participant Characteristics

Previous College Undergraduate
Department Status Teaching Experience Degree Experience

Nick TA None United States
Disha TA 4 Semesters India
Omar TA 4 Semesters Pakistan
Pramod TA 2 Semesters India
Evelyn Instructor 7 semesters Australia

Each of the five participants is discussed in dl@aChapter IV. These instructors
were chosen because all taught the same coursmyl@afor Biological Scientists. There
were six total instructors of Calculus for BiologiScientists, however, one instructor
chose not to participate. When asked, this persge go reason for not participating.

Literature on the development of professional kremlge has indicated that

approximately 1,000 hours of professional engagénvere required before a fledgling
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professional might be considered an inductee imgotrofession (Dreyfus & Dreyfus,
2004, also note that a basic requirement for appglfor National Board Certification in
teaching is 1,000 hours of classroom experiencéph Board for Professional
Teaching Standards, 2013). For the purposes difisertation, a “novice instructor” was
defined as one who has 1,100 hours or less inlissroom, or approximately four years
of teaching at least three courses per semesteughimot direct participants,
undergraduate (adult) students of these instrugters involved as part of additional
non-sensitive supplemental data collection (i.@eonymous exam scores and in field
notes from classroom observations).

The Intended Curriculum: Calculus

Accordingto the syllabus there were three central goals oinfemded curriculum

in Calculus for Biological Scientists at BRU. Thesgere:

* to learn how to build and read mathematical modtlsological phenomena,

» to gain a working knowledge of the key tools ofccdlisderivatives which
guantifyrates of changef functions, anantegrals which sum up rates of
change, and

» to understand key concepts of science sudygasibrium stability, andrate
of change both in terms of mathematical descriptions aradolgyy.

The syllabus explained that the course used Caldolstudy the nature of change

in living organisms and to quantify this changecbysidering questions such as how fast
something is changing, how much is changing, atarnat is it changing. The text used

for the course wallodeling the Dynamics of Life: Calculus and Probipior Life
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Scientist{Adler, 2012). The first four chapters were coderéhe chapter titles were as
follows:

Chapter 1: Discrete Time Dynamical Systems

Chapter 2: Limits and Derivatives

Chapter 3: Applications of Derivatives and DynarhiBgstems

Chapter 4: Differential Equations, Integrals, arfekif Applications
The author states the goal of the book is to teaathematical ideas, used commonly by
biologists, in a way that will make sense to adgyli student. The intent is to teach not
just techniques of calculus, but concepts of ma#teal modeling.

Calculus for Biological Scientists had two depanhaémidterms (worth 100
points each, making up 40% of final grade), a cahensive, departmental final (worth
100 points or 20% of final grade), weekly quizaesrth 100 points or 20% of the final
grade), WebWork homework (worth 50 points or 10%heffinal grade), and written
homework (worth 50 points or 10% of the final gradéne common midterms and final
exams were collectively graded by the instructomediately after the exams were
administered. The grading process was that onmustst graded all student responses to
Item 1 for all classes, another instructor gradestadent answers for Item 2 for all
classes, etc. The number of students in an instraatlass varied from 30 to 120.

Data Collection and Procedures

My research explored how video cases as a typeotégsional development
influenced TAs’ questioning techniques and thegoa#t of discourse surrounding those
guestions in their calculus classroom instructismdetailed below, the qualitatively

driven mixed-methods design examined a professideatlopment “intervention” of the
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use of video case materials during course coorndmateetings. In addition to providing
the intervention by facilitating the use of videasse materials during four coordination
meetings, | conducted pre-intervention, and pagrugntion interviews and classroom
observations, collected weekly logs from TAs aljgahning and instructional practices,
observed course coordination meetings, and, asdicator of potential impact on
undergraduate learning, collected student scorggetowo mid-terms and the final exam.
Below, after an overview of these data sourcestlamdbgic behind their choice, | detall
the collection of each type of data. In the follogisections, | have addressed analysis
and reporting. To remind the reader, my researestipns were:

RQ1 What is the nature of novice calculus instrigtdiscourse patterns
surrounding questions they ask?

RQ2 What is the nature of questions and changeestgpning strategies within
a semester during classroom discourse by thesechsts?

RQ3 How does video case based professional developshape perceptions
and intentions about the role of questions in tewrheld by TAs?

RQ4 Does professional development that includesovchse materials hold
promise as a way to improve the learning of collegleulus students?

Linking the Data to the Research
Questions

For the dissertation study, classroom observatioosa all the participating TAs
provided the primary data source for examining RegeQuestion 1. Offering four
multiple video case activities allowed time for fi@pants to think about and discuss the
strategies demonstrated in the cases and discdased coordination, and to decide on
and try out ideas (and their adaptations) in tbein practice. Across time, as novices
built experience, the nature of these decisionsdocliange. Research Question 2 (RQ2)

focused on this possibility. Multiple interviewsttiparticipating TAs within the
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semester, supplemented by regular teacher logsyedl for tracking potential change
and addressed RQ2.

Related to Research Question 2 was the questibavathe case content might
have been influential. Different video cases foduse different instructional strategies
(e.q., group work and whole class discussion) ghagi differing examples of
guestioning in the classroom. Research Questi®(IB] attended to this variety and
focused on two aspects: instrucparceptionsabout the role of questions aimdentions
for the use of questions. Preliminary interviewsvied a baseline about instructor
conceptions and subsequent interviews, informeddmssroom observation and teacher
log information, were aimed at capturing how instau views might have evolved to
provide evidence for RQ3.

Research Question 4 (RQ4) addressed the potefigat ef TA development in
student learning. If video case use lead to classrquestions that included higher
cognitive demand (e.g., process and metaprocessiguéypes or longer dialogl®F
strings, discussed in Chapter 1), then it mightenbeen possible for student learning to
be improved. One way to explore the possible @hstiip with undergraduate learning
outcomes was to examine mean and variation in S@re&xams common across
instructors. Also, historical data for the courgaras were available and provided
additional context for the limited information thaas available from what were just six
participants’ classes in addressing RQA4.

A summary of the data sources and how they retetieet research questions is

shown in Figure 9.



Data
Source

Research
Question

Interviews

Classroom Observation
(note: focus was instructor
practices not student learning)

Online Instructor Logs

Anonymous Data on
Student Performance

Research Question 1; What
is the nature ol novice
calculus instructors’
classroom discourse
patterns around questions?

Interview i included participant
self-perceptions; additional data
from coordination meeting field
notes on engagement with case
activities.

Classroom Observation protocol
captured the text of questions
asked, the contextual
neighborhood, and the type of
interaction,

Research Question 2: What
is the nature of change in
questioning strategies
within a semester during
classroom discourse by
these instructors?

Interviews 2 and 3 included probes
aboutl how strategies may be
changing; additional data arose in
field notes of coordination meeting
discussions.

Doing multiple classroom
observations allowed for
COmparison across time.

Instructor scif-perceptions
captured across time
through weekly logs

Research Question 3; How
does video case PD shape

perceptions and intentions
about the role of questions
in teaching?

Interviews 2 and 3 included probes
about how video case activities
might be influcncing teacher
decisions; data arose in field notes
from coordination meetings.

Observation notes informed
Interviews 2 and 3; supported
shared understanding with
participants about their
perceptions and intentions.

Logs included questions
on strategies discussed in
coordination that could be
used in class.

Research Question 4: Does
professional development
with video case materials
hold promise for
improving student
learning?

Final exams scores were
collected were and the mean
scores were compared
between TAs who asked
higher-level questions and
these who did not.

Figure 9 Data summary.

09
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Data Collection

| conducted semi-structured pre-intervention, potrvention, and exit
interviews with each of the participating instrustdnstructors completed weekly
surveys, in the form of a web-based log, that asklre their perceptions about the video
case experiences and how these influenced thestiquang techniques during teaching
that week (see Appendix B for sample log). Alsoollected from the individual
instructors the student test scores for midternalsfisnal exams for all the calculus classes
for the study semester. Additionally, the finaldga from the previous Fall semester
were collected from the department coordinatorsghdata were regularly shared,
without instructor names attached, within the cawation group and the department).
Throughout data collection and analysis, instrigcteere identified by pseudonyms.
Student data provided by the department did ndtdecany identifiers other than that
they were in an instructor’s class, so comparidostuaent scores across time was not
possible (e.g., | could not conduct analysis ofieti final exam scores controlling for
incoming SAT or ACT score).

There were several incentivieplace for the participating instructors. First the
course coordinator, a person of influence and pamvtire instructors’ teaching
community, supported the proposed research andcecaima with me. Second, research
has indicated that the majority of new college bess are eager to see, hear, and talk
about other people’s teaching and to contribut&ab conversation with information
from their own instruction. Third, there was peepgort within the coordination group

as all but one of the BRU instructors teachingftioal course viewed the video case
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materials. Finally, | offered a small financial amtive, up to $100, to participate in the
study by completing data generating tasks (e.gs, lmterviews).

Data as Related to the Unit of
Analysis

The instructor was the primary unit of analysid. ddta were related to providing
contextual, proximal, and distal information arounstructor-level analysis. Teacher log
self-reports and some interview questions aboutuotr experience provide contextual
information. Classroom observations and observattated interview items were the
data closest to the planning, reflecting, and irm@eting of practice and served as
proximal information. Coordination meeting fieldtas and data from student tests were
further removed from the immediate classroom qaastg of instructor-level analysis
and provided the distal information.

Interviews

| conducted three semi-structured interviews wéhbheof the participating
instructors as well as follow-up member check witars after the semester was over.
The intake interview (pre-intervention) occurreddse instructors encountered the video
case materials. A follow-up interview was condudte@e weeks after the first video
case activity. An exit interview (post-interventjamas conducted at the end of the
semester, during the last week of school. Eacinvie® was conducted in the
Mathematics Department in a small room that wouwlldi labout eight people. This room
was generally used for student study groups. Ih eathe interviews, | emailed the
instructors to set up a time for the interview a@served the room through the
Mathematics Department. After the initial email thstructors offered times that they

could meet and | accommodated them by meeting gldiniose times. The interviews
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lasted no more than one hour. | audio recordedramdcribed each interview. To be
respectful of the participants | took very limitedtes while interviewing them. The
second interview included two short video clipshef instructor being interviewed.
These video clips were not more than two minutag.I®uring this second interview the
instructor was provided a transcript of the vidép, avithout punctuation. The instructors
were asked to identify the questions asked andigeaaformation as to why they asked
those questions. The video-clip interview protdsadummarized below in Table 5 (see
Appendix C for full protocol). It was adapted frdpeer (2001). The third interview
focused on excerpts from the weekly logs, commerasge in previous interviews, how
the participants viewed questions, and any perdaianges the participants had in their
teaching. This interviewed focused on the percealehges and why the instructors felt
they had made that change. | also asked questing the video cases and how the
instructors thought the cases may or may not hafligenced instructional decisions,
particularly how the instructors asked questions.

The interviews were primary data for RQ2 and cbuoted data for addressing
RQs 1 and 3. Depending on the log data, the etatvurew also provided significant data

for addressing RQ3.
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Table 5

Summary of Interview Content and Relationshipsasegrch Questions

Research Intake Interview Follow-up Exit Interview
Question Interview 1 Interview 2 Interview 3

RQ1: What is the Interview 1 included
nature of novice participant background

calculus information, self-
instructors’ perceptions and beliefs
classroom about student learning.

discourse patternsBeliefs about student

around questions?earning often influenced
how instructors asked
questions and how
instructors responded to
students.

RQ2: What is the Interview 1 provided a Interview 2 focused on the Interview 3 focused on

nature of baseline of instructor types of questions commonlynstructor beliefs about
guestions and perceptions about student asked by the instructor learning and reasoning
change in learning and | was able to participants. These questionbehind asking a particular
guestioning compare responses to the focused on what the guestion. This interview
strategies within afinal interview responses. instructor was thinking whenalso focused on any self-
semester during asking questions, and what perceived changes in how
classroom the instructors expected the instructor asked
discourse by these students to get out of the  questions.

instructors? guestions. Perception of

student learning arose from
this interview and was
compared to Interview 1.
This interview included two
video clips of the instructor

teaching.
RQ3: How does Interview 2 focused on why Interview 3 included
video case PD the instructors asked the  probes about how video
shape perceptions guestions they asked, i.e. thease activities influenced
and intentions intentions behind the teacher decisions. This
about the role of guestion and perceptions of interview explored in
guestions in the response they expected.more depth why an
teaching? Follow-up questions probed instructor chose to ask a
how the video case activitiesparticular question and
may have influenced the purpose of the
instruction. guestion.

My note-taking during the video-clip-based intewi@nterview 2) focused on the

comments made by the instructors about their owoeptions of the complexity,
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content, and purpose of the question and assodispanses (from students and
subsequent follow-up from teacher, where approgpyiat

Field Notes and Video Cases in
Course Coordination

As a researcher, | attended and made field notescht course coordination
meeting. Four times during the semester, instreaogaged in a video case activity
(Hauk, Speer, Kung, Tsay, & Hsu, in press). | ftatikéd the video case activity during
the instructors’ regularly scheduled, coordinatoeetings.

The room was equipped with a computer and projdetked to the computer.

The room was a conference room used by the depatrtihbad six tables arranged in
three rows and had three chairs at each table whegd the front of the room, where the
video was projected onto a screen. The room conildi Up to 25 people, however the
chairs were arranged for 18 people to sit in theli@nce.” Before each coordination, |
arrived 30 minutes early to connect my computeéh&overhead projector and speaker
connections provided in the wall. | then checkeat the projector was working and
waited for the instructors to arrive. When | faeited these video case activities, | served
as the course coordinator. | handed out the agedamaterials (questions to be
discussed, transcripts of the videos, and any ethiéien materials describing the case)
that were provided by the creators of the vide@sakfollowed the instructions in the
facilitator’'s guide by explaining the video vigrest showing the videos, and leading the
discussions.

| followed the facilitation guide for each videase. Before each video case
session, | printed copies of the participant matetio hand out and set up the computer,

screen, and speakers to play the video vignettk, Wiisha, Omar, Pramod, and Evelyn
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usually sat in the same places at each meetiniggf#ite front of the room. Nick, Disha
and Pramod sat at the back of the room. Omar aetyEgat on the second row at
opposite ends of the room. This allowed for Omat Buelyn to move their chairs and
see the people behind them when they spoke. Whelgitleo vignettes were being
viewed | stood to the side of the room next todbmputer. During the discussions |
moved to the front of the room and led the disaussi The participants would often
move their chairs so that they could see the atistiructors when they spoke. Due to the
size of the room, it was easy to hear all the utstrs when they spoke and the video was
easily viewed at the front of the room on a largeen. Each video case session took the
entire meeting time, 50 minutes for each case.iBeaia each of the four video case-
based meetings are included in Chapter IV.

Researcher field notes (generated during and ctefigy, after meetings) focused
particular attention on discussion of questiontegies (described in more detail in the
section on the Writing-Reviewing cycle). | resenagg hour after each video case
activity had been completed to journal about haedressed asking questions during the
meeting. The coordination meetings were video edi(see Appendix D for letters of
consent). This served as secondary data used tessddQs 2 and 3.

Classroom Observation

| attended six class meetings for each particigatistructor and took extensive
field notes using an observation protocol with erggand open-ended categories.
Following the approved protocol for the study, tasbed permission from students in all
the participating instructors’ classes to videmrdahe six meetings for each (see

Appendix D for undergraduate and TA consent forrAs)with coordination meetings,
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detailed researcher notes focused on questionsd agkihe instructor, context of the
guestions, and the apparent intent of the instructble 6 summarizes the protocol. See
Appendix E for classroom field notes protocol. huepose of the video recording of
calculus class meetings was to serve as a backhe tesearcher notes and allow
enhanced note-taking after the class visits. Priyndhese observation data were used to
address RQ 2 and as a source of video/classroompdgs: for in the exit interview.

A more experienced research colleague conducted@art check on my coding
and field notes. This expert had helped in develgpihe observation protocol in previous
research projects. | completely coded one videcdtlamexpert viewed the video and
coded the video separately. The expert and | mgéison and discussed the coding of
the video. When we did not code questions the saaye we reviewed the video
surrounding that question, and discussed the caditigwe were in agreement. | then
completely coded six more videos. These videosnayndoding were checked for
accuracy by the expert. He agreed on the codind eoded the remaining videos. The
expert then chose two videos (randomly, literaligwing names from a hat) and checked
the coding for those videos for accuracy. He agmethe coding of those videos. The

videos and my coding were also checked by my casad\vDr. Hauk.
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Table 6

Summary of Observation Protocol Components

Component Description/Purpose
Time Approximated minute of the class the instruetsked the question
Content Question around which interaction was cedtas asked by the

instructor (transcribed or paraphrased)
Level In-context, in-the-moment observer judgmdntevel of discourse

Type Comprehension Checlssessed one or more students’ declarative
understanding of a topic, procedure, or task (eatala)

Probe Thinkinginvestigated the reasoning behind or explanation
for a given response or procedural work, inclugongmpts to
communicatevhya person or a group thought what they did

Elicit Thinking: Drew out what one or more students were
thinking, including prompts for student(s) to commuatewhat,
how,andwhythey thought it to other students or the teacher

Classroom Managementid not directly affect the instruction.
(e.g. ‘Could you hand in your homework?’).

Context Used to describe the context surroundiagjtiestion, the
“discourse neighborhood” of the associated question

Memo Used to describe any additional thoughts iogghhappening in the
classroom that could contribute to the questiog. (@w long the
teacher waited for a response, or how many stuasfeisto/begin
to respond to the question)

After the initial intake interviews, | visited eaplarticipant’s class. During the
class visit | used the observation protocol, whigtiuded detailed field notes and post-
visit notes about things that | observed in thesilaom, particularly relating to how the
instructor asked questions. | reviewed classroatewio create a set of enhanced field
notes for each first observation. As part of th@geol for each observed class meeting, |

documented instances of the instructor asking auresstising the criteria outlined in
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Chapter Il for identifying what constituted a quest This documenting included
guestion depth, categories, and potential nuanfogisaurse neighborhood related to
each question. | reviewed these instances, choasilegist two that | used as interview
prompts with the instructor for the video-clip-bdseterview.

Online teacher logsInstructors completed weekly online logs. Thesats{b
minutes to complete) logs focused on participatmstyuctors’ perceptions of how
professional learning fostered by video case dis/influenced their teaching--
particularly their question strategies--during thvaek of classes (see Appendix B for
weekly log). At the mid-point of the study | geniech a report of responses and possible
themes that | shared with instructors as a ched&aaf validity (i.e., to confirm that the
instructors perceived the prompts in the way ingghdl revised log questions twice, to
gather data on topics that emerged from early amsabf interviews. These data were
used to answer RQ 3 and inform the design of ingery.

Anonymous summary data on student performancel collected student scores
for the two mid-term exams and the final exam ahcutated the mean scores, standard
deviation, and sample size for the midterm and fxams for the participants’ class
sections that | observed. The scores were exanomexdatistical differences. | worked
with the BRU institutional review board (IRB) thrglu a Federal Wide Assurance (FWA)
agreement to obtain de-identified student ACT/SAdres, for each participating
instructor’s class to determine if the classes wgegrificantly different at the outset (see

Appendix F for IRB approval). These data were useshswer RQ 4.
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Data handling procedures All paper data were kept in a locked cabinet yn m
own or my advisor’s office. All electronic data vegtept on password protected storage
devices. Pseudonyms and alphanumeric identifiers weed in research documents for
participants. Accepted protocols for data secumeye followed (www.citiprogram.org).
All student names were removed from my transcrysiof classroom video.

Risks, Discomforts, and Benefits

The risks and discomforts inherent in this studyen® greater than those
typically encountered during regular class partitigm, regular classroom teaching, and
regular coordination meetings. As with any learmipgortunity some instructors
experienced some discomfort as they encounter@daiiva limitations in discussing
teaching. Instructors reported a sense of havingfited by participating, particularly by
gaining insight into teaching strategies from thees.

Costs and Compensation

The stipend schedule for research participatiatescribed in Table 7 below. Full

stipends were given for full participation. Eachtloé participants completed all research

tasks and received the full stipend.
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Table 7

Summary of Participant Financial Incentives

Stipend Requirements Deadline

$50 1. Completing the initial interview November 8, 2013

2. Completing at least 5 of the first 6
weekly logs

3. Providing sanitized copies of student
responses to researcher-identified
midterm exam questions of interest.

4. Complete the follow-up interview

$50 1. Complete at least 5 of the second selanuary 15, 2014
of 6 weekly logs

2. Provide researcher with copies of
student responses to researcher-
identified final exam questions of
interest.

3. Complete the final interview

Grant Information

Grant funding was not found for this project. Theaarcher provided the funding.

Data Analysis

As detailed below, the data collected were analyasaligh standard constant
comparative qualitative methods (Patton, 2002).tRerquantitative data, | used
descriptive and inferential statistical methodsl(Gzall, & Borg, 2006). The procedures,
for each data set, are described below.
Analytic Inductive Method

The Analytic Inductive Method is a qualitative medhof analyzing data. The
process is to refine regularly the research hysabevhile analyzing data until all cases

that do not fit the original hypotheses are exm@dirrhe basic steps, as described by
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Merriam (1998, p. 160), began by formulating a higesis or explanation for the area of
interest for which data were collected, then dateevgathered so that potential
challenges to the hypothesis were documentedf(éddgity). For this study, the unit of
analysis was an instructor or “case.” An instructase was built from the collection and
analysis of the types of interview, observatiord dncument data discussed above. In
what follows, first | give a general idea of thepaay through analysis, then | give the
particulars for this study in the writing-reviewicgcle, and analysis for each of the types
of data collected. Subsequent major sections asldeg®rting and how the research
satisfied the basic requirements of rigorous caiiié research.

As observational data were gathered, | selectézhat two complex instances and
set them aside with no analysis (these were useditavalidation). From the remaining
data, | systematically examined each instancedrd#ta (e.g., question) to see if the
hypothesized explanatidit that instance. If the hypothesis did not explar fit the
instance, then | reformulated the hypothesis.dftigpothesis did fit, | indicated a code
for the instance and moved to the next instances. giftocess continued until an instance
occurred that challenged the explanatory powenh@thtypothesis, then revised the
hypothesis. This process continued until the retdated hypotheses explained all cases
and no contradictory cases could be found in th&tiag data. After this cycle was
completed, the validation step began: | examinedw instances/cases that were not
included in the early validation--or, in the cas¢he logs, collected new data--and
described using the hypothesized explanation elftpothesis was robust, it needed
little to no adjusting. If it needed major adjustmhehen | identified the limitations of the

hypothesis.
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In this study, | used this process as | took mgtaxy framework (Roach et al.,
2010) and applied it to the classes | observedlh2013. As necessary, | refined
descriptors of question levels and categories goathinstances of questioning were
explained by the framework. | added in one newgmatg Hypophora (explained in
detail at the end of this chapter) and readjudtedriodel. The instructor interviews
further helped to refine categories and servedraeraber-check as evidence which
supported my claims and validated inductively tuhggdotheses to explain the data.
Writing-Reviewing Cycle

The writing and reviewing process began after itst ihterviews had been
conducted. After transcribing and reading the ahititerviews, | made notes on anything
that related to the question levels, question categ, and instructor beliefs about
learning. After each interview, | reviewed the adideo recording of the interview to
generate a set of enhanced interview notes. Fbr@assroom visit and interview, |
analyzed and coded my enhanced field notes usengxisting framework. The
framework was refined as necessary at each stapatysis.

Every 10 weeks | generated a short (no more thangfages) report of the current
state of the explanatory hypothesis. | shared thteam reports with my research
advisors. My research advisors reviewed the reoriswe discussed my interim
findings. My advisors also used these reports ¢atifly where more detail and support
was needed. | used this information to reexamindinayngs and provide justification
for my findings. These reports were also used fiarim the final interviews and formed
the foundation for a debriefing report to the gaptants that | shared with them at the end

of the school year. For each participant | creatgedofile. | asked instructors to review
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their individual profile and provide feedback onahid might need to change to increase
its accuracy in representing their story. This esjuwas a form of member checking to
support credibility and transferability of studysudts (more on this below in the section,
“Member Checks”).

Once all interviews and observations were compldtechanized the interim
reports into cases. These cases were formed byieixgnthe data and looking for
similarities across and distinctions among theigagnts’ self-reported perceptions and
experiences and observed classroom interactiongeanting behaviors. | reported my
findings as cases rather than individual finding$ien reporting, interviews were
sometimes paraphrased to include different pagidig similar views.

Interviews

Each of the interviews were completely transcridechmediately qualitatively
coded using open and thematic coding as the irw@s/were completed. Later, | did
axial coding on intake, follow-up, and exit intezwis to look for patterns of change or
stasis. Debriefs with the participants occurredratie intake and exit interviews. After
the initial coding of the interviews, | summarizey findings and presented my tentative
interpretations to the instructors--meeting witl thstructors individually, describing my
interpretations, and asking if my results were gilale (Merriam, 1998). | later emailed
an updated draft of the profile to instructors $& d they had any additional thoughts
they would like me to add or remove from the sumnpaofiles. Each responded with

approval for the profile (and some correctionsyfos).
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Classroom Observations

Observation notes, completed protocol forms, aadstbom video were analyzed
using the framework of Roach et al. (2010). | vidwtassroom video and partially
transcribed, as needed, to provide thick, richcdesve detail. The role of the
observation data in creating cases was to prowde&egtual knowledge of specific
incidents or behaviors and use these as referemotspn the interviews and in reporting
the findings (Merriam, 1998). This was becausegiba for the cases was to depict
“typical” behaviors of the instructors while teaciand to document observed changes
in teaching across the six weeks of the video g#sevention. During the classroom
observations | focused on the types of questiokedaly the instructors and took
detailed notes about the context of the questieribey were asked. | also noted how the
students responded to the questions asked bystradtors. An Excel spreadsheet was
used during the coding of the classes, both fotitleecoding and the more detailed
follow up coding from the video. The number of egciestion asked by the instructors
was then tallied by category and question deptle&oh observation.
Coordination Observations

As soon as possible after each coordination medtggnerated clean electronic
versions of my notes. In my notes | addressed hoay have “pushed” or focused on
asking questions in class. | then conducted an opdimg on field notes of the
coordination session. The focus for me during opmhng was to look for emerging
themes surrounding questions and note types otiqunesasked by the course
coordinator so that | could look for similaritiesthe classroom to those questions posed

during course coordination. Videos collected seragtackup to researcher notes. Video
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was reviewed within one week of the coordinatiofiésh out field notes, and | noted
any connections among conversations about questi@nd modeling of question
strategies that occurred across coordination sessind noted potential links to the
classroom questioning practices of participatirggrinctors. Such links were valuable in
developing the cases because the conversations @lestioning explained instructors’
thoughts and attitudes about questions and beledat student learning which offered
support when reporting similarities between thdip@ants. | reviewed video and
partially transcribed it for documenting frequerafydiscussion of question strategies to
generate descriptive statistics. Descriptive stasiprovided supporting evidence for
common themes that emerged from the qualitativéysisaof coordination meetings.
Teacher Logs

The online surveys (“logs”) were reviewed weeklyhwopen coding completed
regularly (e.g., monthly summaries of open-codadgiaries of response were included
in the quarterly interim reports to research adgsd generated a mid-year report to
document and share (member-check) with instruetoysthemes that seemed to emerge.
| member-checked more frequently, especially infitts¢ two weeks, with the
participants to confirm my understanding of theny kentries and clarified the wording of
log prompts based on feedback.
Summary Student Data

Appropriate quantitative techniques, including nplétt-tests and analysis of
variance (ANOVA) were used to compare the studenites across classes and on the
final exams. The dependent variables examinederstindy were acquired and included:

(a) student previous SAT/ACT (data provided byuheversity were not individual
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linked to student ID so association between fimatlg and preparation was aligned at the
level of instructor), (b) student final exam sc@g student, by instructor), (c) student
final grade (by student, by instructor), and (gypous Fall's grade distributions for the
same course. Where possible, additional variab&e wmcluded in post-hoc analyses,
including drop rates, mean grades from previousesésn(s), and student mathematics
placement test scores. All exams in Calculus fotdgjical Scientists were common
exams created by the course coordinator.
Data Reporting

The writing-reviewing cycle discussed earlier réstilin some interim reporting
on the way to the writing of the dissertation its&he purpose of this study was to
document the change in questioning patterns ofaeawistructors when video case
activities were used in course coordination. l@p#ted three main clusters of
information from the data gathering and analysscdbed above: (a) themes about
instructor perceptions of learning from log entyigy categories of instructor classroom
practices/experiences from my observation in ctasas and coordination meetings, and
(c) scores of students on common math items. Far participating instructor, all three
sets of data were used to generate the interimndectiof an individual story for that
instructor. | organized these individual storie®ioases based on comparison and
contrast of individuals’ experience teaching andheir perceptions about learning. In
each of these cases | used direct quotes and pasgohcompositions of several quotes
to illustrate various themes that emerged throhighanhalysis. A novice TA not too long
ago myself, my personal experience was includdrhtoe the stories and | included

reflections of my own experiences in the dissestatdiscussion section. That discussion
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chapter is organized into five parts, one part aslsing each research question and a final
part that connects the dissertation to literatuek fature work.
Meeting Criteria for Rigor in Research

The criteria for rigor in quantitative and qualwat research differ. In quantitative
work, the focus is on the validity, reliability, digeneralizability of results. | have
already noted above, in the section on Summaryestudata, how each of these criteria
was addressed. The bulk of the work for this stwdg qualitative, which focuses on five
criteria for rigor in qualitative research: creditlyi authenticity, transferability,
dependability, and confirmability (Lincoln & Gub2000).
Credibility

In qualitative research credibility, parallel taegmal validity, refers to how
trustworthy or believable the research is. By usimumber of techniques, a researcher
can defend the credibility of the research. Lincatdl Guba (2000) say that credibility
can be addressed through member checking, pedefiedpr expert checks, negative case
analysis, progressive subjectivity, and persisbéservation. | describe each of these and
how | used them below.
Member Checks

Member checking is a technique used in qualitatsearch in which the
participants are asked to verify if they agree whih researcher’s findings (Creswell,
1998). | used member checks in two ways: duringrunews and at the end of the
semester after all the data had been collectetchigusember checking during an
interview was done by asking the participant a joesand then repeating what | thought

they said to verify that | was interpreting thednements accurately. Another way to use
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member checking is to summarize findings and asticgzants if they agree with one’s
interpretations of the data. Both of these techesquere used for this study.
Peer Debriefing and Expert Checks

Peer debriefing is using a colleague or peer tdywindings. A peer debriefer
often serves the role of “devil's advocate” andéfs the researcher honest” (Creswell,
1998, p. 202). It is the peer debriefer’s job tk igh questions about the methods used,
and the interpretations of the research. Expertichare similar to peer debriefing except
that they involve an expert in the field of reséat@ review and verify findings. | used
peer debriefing in this study by presenting my ifigd to former and current graduate
students with whom | have worked on various prajeand asked them if, given the
backing and evidence | shared for my interpretatitimey agreed with my conclusions. |
also presented preliminary results to a group 6éagues in seminars about research on
college mathematics instruction (March 2014 andidan2015 meetings of the
SIGMAA on RUME Working Group for Research on Collddathematics Instructor
Development) and solicited feedback. | used exgertks by presenting my findings to
my advisors and sought feedback from them aboutltré¢y and reasonableness of my
interpretations and conclusions. | also used exghertks by presenting my findings to
other researchers in the field to let them verifymesults. This was done formally at

conferences and informally through the seminarstioieed above.
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Negative case analysidNegative case analysis, or disconfirming caséysaisais
deliberately looking for cases that may contratliethypotheses (Patton, 2002). | used
negative case analysis by examining the data aardsag for examples that
contradicted my framework. | then used these exasal either refine my framework or
to identify the examples as exceptions to a prinpatyern and discussed them further in
the results.

Progressive subjectivity Progressive subjectivity refers to the reseatsher
emerging constructions when analyzing the datac(lim& Guba, 2000). | have
monitored my emerging constructions throughoutstinely by keeping a log of my
findings as they emerged. The quarterly interinorepand end-of-semester member-
checking reports were both ways to document thikwa my part. By doing this |
monitored my subjectivity in the research and ustbed (and reported on) how my
preconceived beliefs influenced my findings.

Persistent observation Persistent observation is a technique that eashee
researcher has not only spent a lot of time wighdhta but also has a depth of
understanding of the phenomenon being observedplayed this technique by building
relationships with the participants, learning th#éwre of the department, and looking for
misinformation (Creswell, 1998). In this study, mfermation included the instructors’
perceptions that their individual classes were &iatd teach than someone else’s or that
an instructor received more support than anotretruntor. | determined the relevant and
irrelevant aspects of the study and focused omelesant aspects. The relevant aspects
included ways in which the instructors used questio instruct the students, probed

understanding, or elicited information. Irrelevarformation included conversations that
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did not apply to the information being presentethimclass or to the class (e.g.
conversations about social activities).
Authenticity

Authenticity refers to how genuine or credible thsearcher may be. It not only
refers to the participants’ experience but to treater shared experience of the
“‘community” of mathematics. Authenticity was addred through the audit trail, thick,
rich description, memo writing, and member checK@geswell, 1998).
Transferability

Transferability is a qualitative concept aligneceidernal validity or
generalizability in quantitative approaches. i iway of extending the research from the
studied population to a larger population: the witgsfindings might be justifiably
transferred. This is most often done through thiad description (Creswell, 1998).
Transferability was addressed by describing thégaants and the environment in as
much detail as | could, without compromising theraymity of the participants. In
general, findings (interpretations, anticipatigm®dictions of connections or links among
these) were transferable due to commonalities areshcharacteristics of the
participants, setting, and time (historical ancetal) of the context.
Dependability

Dependability, parallel to reliability, is concethwith the consistency of the data.
It is the researcher’s responsibility to reportamy inconsistencies or changes with how
the data were collected or any changes in settimgve ensured dependability first by
explaining my position as a researcher within tteag, explaining how | chose the

participants and the context in which the data veetkected (Merriam, 1998). | also



82

created an audit trail that describes in detail flosvdata were collected, how the
categories emerged, and how | chose to make desiiiooughout the research process
(Merriam, 1998, p.207).
Confirmability

Confirmability, parallel to objectivity, is ensugrthe results are based on facts
and the basis for conclusions is rooted in the dathnot just figments of the researcher’s
imagination. It is the researcher’s job to havepenness to the data. | maintained a
willingness to listen to the participants and giveoice to them in reporting (Strauss &
Corbin, 1998). Member checking and peer debriefiag used to help ensure
confirmability.

Timeline

| anticipated this dissertation project taking ap@mately one year to complete,
four months for primary data collection and prehary analysis, with the balance of the
time for additional analyses, writing, and revisibkept a researcher’s journal where |
recorded my experiences with college mathematstsuators and their questioning. |
collected data with participants several timesmythe fall term and completed member
checks with participants in spring and summer. ¥hilalitative data analyses were
completed to full drafts by fall 2014, delays i ttollection of student data extended the
timeline for the work. With all data finally in hdnn fall 2014, the last cycle of analysis
was possible, including statistical analyses arttqutogether the reporting of
guantitative and qualitative results.

Participants were contacted in the first week diost and IRB approval and

consent were in place by week 5. They were intar@teas soon as possible after that.



83

The initial contact occurred in the regularly sahled coordination meetings every
Tuesday of the semester. After all participantseweterviewed (in week 6) the first
video case activity was part of the coordinatioretimgy. A video case activity was all or
part of a coordination meeting approximately every to three weeks. Four video cases
were shown from Week 9 to Week 14 of the semeste final video case was shown
two weeks before the end of classes. The partitspaare interviewed a second time
after two video cases had been shown, approximatelynonths into the semester (first
of November) and the final interview occurred dgrthe last week of classes, before the
week of finals (December 15th).

Qualitative data analysis occurred as the data watected. After all the data
were collected came the second round of analysigganeration of profiles to share with
participants (member checking) in spring. Sprind anmmer saw the third round of
revisions, with further analyses and revision affiies, guided by member checking. In
fall 2014, with numeric data from the universitgistrar and historical grades
information from the department, statistical expt@ns began.

Table 8 describes dates for data collection andovihse activities. The dates

were adjusted as needed to accommodate the cags#rator and exams.



Table 8

Timeline for Data Collection and Member Checking

Name of Video Case /

Timeline Date Interviews Observations  Coordination Visit Weekly Logs Exams
week 1 Aug 26-30
No Coordination Meetings
week 2 Sept 2-6
week 3 Sept 9-13
Visitor to meetings--
week 4 Sept 16-20 post-meeting reflective
journaling but no
week 5 Sept 23-27 research field notes.
week 6 Sept 30-Oct 4 Exam 1
week 7 Oct 7-11
week 8 Oct 14-18 Intake
Facilitating Group
week 9 Oct 21-25 Observation 1 Work Case 1st weekly log
Observat
week 10 Oct 28-Nov 1 on 2 2nd

¥8



Table 8 (continued)

Name of Video Case / Weekly

Timeline Date Interviews Observations  Coordination Visit Logs Exams
week 11 Nov 4-8 Observation 3 Office Hours Case d 3r Exam?2
Follow-up 4th: generate a summary
w/member check of responses and themes
week 12 Nov 11-15 from log themes Observation 4 that may have emerged
week 13 Nov 17-22 Observation 5 Angelica’s Case 5th
No classes Nov 25-29 6th
week 14 Dec 2-6 Observation 6 Grades Case 7th
Exit
w/member check
week 15 Dec 9-13 from log themes 8th
week 16 Dec 16-20 9th final log Final
Spring 2014 May Member-check, in person
Summer 2014  July Email

G8
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Limitations
The limitations of the study included a small numdieparticipants, limited

timeframe of the treatment, and limited classrodoseovations. The small number of
participants did not demonstrate all possible negatxamples of the framework and
constrain the transferability of the results. Tigatment of the dissertation study was
limited to four cases during a 7-week period (W8dkrough Week 14), which may have
limited the opportunity for and observation of teacchange. The limited number of
classroom observations did not necessarily dematesatl the ways the instructor asked
guestions in class and therefore all types of quesiasked by the instructor may not
have been observed.
Technical Concerns

During the data collection | encountered one temdinssue. After downloading a
participant’s first observation from the camerkatér discovered that the audio for that
day was absent (Disha, Observation 1). Visual deat& still available, but the only
sound was a high-pitched tone. | was not abletteexe the audio. Since | attended each
class and took notes while | observed, this dagting is based on the coding done in
the classroom and my observation notes from thatfar subsequent days, comparison
of my in-class transcriptions and observation notigls video-review indicate that my
coding of the questions was very accurate, withetarget 10% margin of error. In
consultation with my co-advisor, we decided it waasonable to assume that this day

would also be within the 10% margin of error we katl
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Hypophora

While observing classes, | found that many instrgctvere using a type of
guestion called hypophora.®ypophorais a question that speakers pose and then
immediately answer themselves. An example of a plgpma is: “Why would we want to
take the derivative? (no pause) We want to takelénative so that we can find the
critical points for the function.” | created an &duhal question type called hypophora
and coded those questions as depth 0. This desisiermade after discussing with other
experts in this area and with my advisor. By immagely answering the question posed
the instructor lowered the cognitive demand ofghestion and was therefore given a
depth of zero. Providing an answer to the questlsa lowered the Math Talk level by
taking the responsibility of learning away from #tadents, keeping it with the teacher.
Observation Selection Process

In the proposal, | stated that | would carefullyiesv and code the first and last
observation for each of the participants. Afteritiigal two observations, | found that the
coding of Math Talk levels was not giving an acten@presentation of the classes. |
began to code the videos using the previous obisenvarotocol offered by Roach et al.,
(2010) which used question depth. This protocol prablematic in live coding and a
careful review of the video for each class was s&@g/ in most cases. In Disha’s class, |
was able to accurately code her questions duri@dj\th observations, however this was
not the case with the other four participants dmidugh video review was required.
After coding the first, fifth, and sixth video feach person, | chose one more video for

each person to look for any new patterns or diffees in comparison to the other three
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videos. The coding process reaches saturation atiéing new data, and coding that
data, does not substantively change the model.

In Disha’s case, because the sound was lost dirsheay, observation two was
used. The third observation was a review day flazlasses and in the cases of Nick,
Pramod, and Omar this day was eliminated sinca# mot a typical day for them.
Further, Omar was ill during his fourth observatsmthat day was eliminated for Omar
and, therefore, his second observation was chdgek's fourth observation and
Pramod’s second observation were selected as tyfaga. Both Nick and Pramod
expressed that their second observation was acdl/pslass period and based on my
observations and researcher notes, | agreed. Esebwriew day was not found to be an
unusual day, compared to other observations anthindrobservation was chosen. This
day was determined not to be unusual by myselfogrigvelyn. She stated to me that
although it was a review day, she did not reallyldogs differently. By choosing the
observations in this way, | was able to code atleae of each of the six observations
while still accurately representing each personissgioning practices. Figure 10 shows

the observations chosen for each person.

Obs 1 Obs 2 Obs 3 Obs 4 Obs 5 Obs 6
Nick A B C D
. 2] 2] wn )]
S S
Disha A S B S 8 C 8 D
Omar A g B 3 S C S D
=) =) © =)
Pramod A > B > = C > D
Evelyn A B C D

Figure 1Q Choice of observation table and video case timing
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After carefully reviewing observations one, fivedasix, and then carefully
reviewing a fourth observation, | found no new mfi@ation, categories, or major
differences in questioning practices. Having reddhe goal of saturation, | did not code
the remaining two videos in detail. | will referttiese observations as Observation A, B,
C, or D, respectively.

Delimitations

The delimitations of the study included novice oéls instructors at BRU. |
chose to focus on calculus instructors since cacid a course commonly taught by
graduate students during their teaching assistigstshurther, there is a larger body of
research about calculus instruction that | havevdrapon to inform my study. Due to the
limited amount of research on professional develapmnfor instructors teaching classes
above calculus, | would have little to build onn€luding higher level courses. | chose
not to observe any classes above calculus. A fudélemitation of the study is that |
observed calculus for biology majors. This decisi@s made due to the availability of
the instructors and the willingness of the cousardinator in allowing me to conduct
the study with his instructors. An area of potdrditention in examining classroom
guestions is attention to wait time. However, ifidag the characteristics of questions, |
focused on the univocal communication of contergnnnstructor asking a question in
context. That is, the study did not include thdatjec aspect of “wait time.” The video
case intervention touched on wait time once. It mastioned in one of the follow-up
guestions after viewing th@ffice Hoursvideo vignette and was not a focus of the video
case activity. The idea of wait time was clearlyrie the participants and they spoke in

various ways about it, as “patience,” “scaffoldingnd “making the students answer”
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guestions (detailed in the discussions in ChaperWhile attending to this dialogic
aspect for every one of the 1,449 questions doctaden this study was beyond the
scope and purpose of the work, it is a prime avefuture research.

Review of Potential Challenges

The IRB process went smoothly and revisions tdRi document were subject
to single-reviewer approval and came back quickiyufder a week). The BRU office of
research approved the UNC IRB -- | notified BRU g@navided a copy of the approved
research protocol from UNC for filing and BRU’s icE of Research with Human
Subjects gave immediate approval; the BRU offiedf siso said any updates to the
approved protocol would be handled in the samedrigshion. Also, during the
dissertation study period, | had obligations relatethe work | do as a researcher on the
Pathways to Environmental Science Literpecgject. My research supervisor on that
project is Shandy Hauk, who is also an advisohosmdissertation project. The scope of
work on that project included work on my dissedatand our regular weekly meetings
included discussion of the dissertation study d$ agethe Pathways research.

At the urging of Dr. Wales and following Dr. Hauldslvice, | began attending
the BRU Biology Calculus Course Coordination Megsinvhen they started in
September. | did not conduct any research pritinécapproval of my proposal. |
attended the coordination meetings as a visitormdVales introduced me as someone
who was planning dissertation research on colleghematics teaching. When | shared

with the group what my plans were, | had enthugiastpport and requests to participate.
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CHAPTER IV
RESULTS
This chapter offers the results of the researchaRéhe research questions for
this study:

RQ1 What is the nature of novice calculus instrigtdiscourse patterns
surrounding questions they ask?

RQ2 What is the nature of questions and changeestgpning strategies within
a semester during classroom discourse by thesechsts?

RQ3 How does video case based professional developshape perceptions
and intentions about the role of questions in tewrheld by TAs?

RQ4 Does professional development that includesovichse materials hold
promise as a way to improve the learning of collegleulus students?

To address the research questions, | first prgsefites for each participant.
Each profile gives information about participantkground, views on mathematics
teaching and learning, illustrative snapshots @&stjoning from their classrooms, and
comments from instructor logs and interviews. Thasdiles address, primarily, research
guestions RQ1 and RQ2. Next, to address reseagdtign RQ4, | discuss quantitative
comparisons between classes, including a compaoifspass rates with the previous fall
semester. Finally, to address research questiondR@3lustrate a synthesis of results to
RQ1 and RQ2, | conclude with a discussion of tlike@icase experience of participants,
present questions common to all the instructorg,gave information about the discourse
neighborhoods surrounding those questions. Thdtseme presented in this way because

| want to develop a story about each person andeszdracross stories about how each
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story relates to the questions asked and presemnhonalities that may have existed in
the associated discourse neighborhoods.
Participant Profiles

The following sections introduce participants bg\pding some background
information related to beliefs and experiences iagdie teaching and learning of
mathematics. After that, each profile offers summaformation about a participant’s
use of questions (type, depth, and context infaonafollowed by illustrative examples
from class lectures and supportive evidence fraerviews and/or weekly logs. The
order of the participant profiles is based on thesiching experience, the least
experienced to the most experienced. Nick wasdhst lexperienced instructor and his
profile is presented first. Then come Disha, Omaad Pramod, who were the next most
experienced and Evelyn, the most experienced teash@esented last.

Each participant profile has a different title. Tiikes are meant to illustrate a
typical instructional belief or standard questianpractice for that person. For example,
Nick expressed that it was important to him thatstudents were able to make sense of
the information. He would often turn to the class gay, “. . . make sense?” Hence, the
title is “Nick: Make Sense?” Omar focused on “ctmpics” to engage students with
mathematical ideas and saw it as important in fegdio have students be fascinated,
hence, “Omar: Do you see how cool math is?” Digti@d on hypophora, the gap-free
asking and immediate answering of a question angtodile is titled “Disha: Why do
we do this? Because . . .” Pramod struggled wittitielg anything besides expectant

waiting for the answer from students, thus, “Pram@tly do you think that? <silence>.”
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Evelyn would often allow students to answer questidirected to her, or explain their
reasoning, and her title is “Evelyn: Do you agretwim?”

Nick: Make sense?
Context

Nick was a doctoral student in mathematics atithe of the study. He grew up
in the United States and completed a B.S. in madtiemat a small private university in
the U.S., not the university he was currently atieg. In the semester of the study, Nick
taught one section of Calculus for Biological Sciesy with 29 students enrolled. Of
these, 25 students regularly attended class meefligoughout the observed lessons
Nick relied on lecture. He said he was open totyaew things when teaching and that
he would like to do more group work, but also ndedion't see how anybody has the
time." He also said during his third interview,|écture because, well, it's math.” This
quote illustrates his view of what mathematics @ means; it means to lecture.

Nick tried to use humor in his teaching. He toldeaist one story in each class |
attended. These stories were intended to be hurednawature. They included stories of
his childhood, the classes in which he was curyesitolled, and things that may have
happened to him that day. Many of the students everlile or laugh as Nick intended.
Though not the focus of the study, in reviewingdigssroom video | noticed that Nick
regularly used substantial wait times (up to 2(eds) after questions he asked. If he did
not get an answer, he often rephrased the queastiasked a simpler question. According
to his reflections in the log (Week 2), his intentwas to scaffold the students’
understanding. For Nick, when students figuredragtbut for themselves, they

remembered it better: “My belief is that, in befogced to find the answers on their own,
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the students ‘own’ those answers more, and thus tba material better. Doing is
greater than watching” (Week 2 Log). When connechiis teaching to students'
learning, he said he got lucky during that semdsteause “they are just strong
students.”

Nick regularly spoke up during coordination and mmadmments on his weekly
logs about how he might have used an idea discussmmbrdination. In Week 2 Log he
noted:

In coordination we observed that the teachersenvitieos were extraordinarily

patient in not just giving struggling students aassv At moments of

impatience/frustration, | channeled these teaclagrd Jed the students to the

answers instead of giving up and throwing the answatthem.
Nick was cautious about attributing increased studgerest in mathematics or deeper
mathematical knowledge to ideas from coordinatitrthe same time, he did report that
when he was using ideas from coordination the siisd@are quicker to answer questions
from the board (sometimes), and answer as if thenahis easier than before” (Week 5
Log). In commenting about the questions that sttgdasked him, Nick remarked that it
was difficult to judge whether his use of ideasiirooordination was making a
difference, noting that, “occasionally someone adk a deeper question, but those
students seemed already to be motivated priorucseccoordination efforts.” Nick
reported that he spent a total of 6 to 15 hourk @aek preparing lectures, grading
homework and quizzes (most of his time), prepaciags materials, and talking with
others about teaching.
Use of Questions

Nick’s 50-minute class meetings included an averdde! questions per meeting.

He primarily asked Comprehension Check (53%) goestihat offered a limited choice
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such as “Does this make sense?” or asked for aiptdike “Asx goes to infinity,
what’s going to be the largest one here?” He at&ed occasional Elicit Thinking
guestions (16%) such as, “So how can we make heabgense of this?” Nick rarely
asked Probe Thinking questions (1%) such as, “Stattrect, but why?” The few
instances of probing questions were in responsestadent offering a solution or a
comment and were only observed during Observatidn Blick's view, asking questions
helped students become more engaged in classx&mpée, in his second interview, he
remarked on why he asked a particular question |l;\\Wes one, yes engagement.
Always engagement. That’s the whole purpose oftiuesas opposed to be just
shouting at them, right?” Nick also said engagenséstudents related to confidence. In
his Week 6 Log, when discussing waiting for studeatrespond to a question, he
remarked: “When they force themselves to engagedbem far more certain of things.”
Table 9 summarizes Nick’s percentage of questiorzach category for each of
the four focus classes and across classes. Theity@bNick’'s questions each day were
Comprehension Checks. Across the observed lesandistribution of his question
types varied (see Figure 11). His use of Compreber@heck, Content Check, and Elicit
Thinking questions fluctuated over time. In faatridg the last observation, Nick asked

proportionately fewer Elicit Thinking questions thia the previous classes.
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Table 9

Nick's Question Category Percentages Per Class

Comprehension  Content Elicit Probe Classroom
Check Check Thinking Thinking Hypophora  Management
Obs A 52% 0% 15% 0% 19% 15%
Obs B 41% 18% 27% 4% 2% 9%
Obs C 56% 9% 18% 0% 5% 11%
Obs D 62% 2% 5% 0% 7% 24%
% Totaf 53% 7% 16% 1% 8% 15%

Due to rounding, not all rows add to exactly 100%.

Across all four focal observations, the majorityNo€k’s questions were
Comprehension Checks (53%), and these tendedgbabewer questions (i.e., 88%
were depth 0, and 12% were depth 1). Nick’s Elitiinking questions tended to have
greater depth. Overall, though only 16% of his ¢joas were Elicit Thinking questions,
29% of these were depth 1 and 71% were depth 2.

Taking a slightly different look at the data, Figul illustrates the question
category percentages per class period. Thoughetagve proportion of questions asked
of each type varied across the observations, Nockicued to rely heavily on

Comprehension Checks.
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Nick: Question Categories per Observation

100%
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30% ® ContentChk
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10% m ClassMgmt
0%
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Figure 11 Relative frequencies of question codes in obsienva for Nick.

In terms of the depth of questions across all foaus classes, Figure 12 shows
relative percentages of the depth of the questibds asked per class. Classroom
Management questions did not have a direct effie¢he instructional practices and
therefore were removed from the totals listed enfture. The number of questions of
each depth is listed within each section of thegsaph. From the graph we can see that
the majority of questions were of depth 0. It isatde that during Observations B and C,
Nick asked a greater percentage of depth 1 ane&tigus than in observations early and
later lessons in the study (Observations A and_Bg the question categories, Nick's
guestion depths fluctuated across the four focassels. As was true for every instructor

in the study, Nick did not ask any depth 3 question



98

Nick: Question Depths per Observation (with Counts)
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Figure 12 Relative frequencies of question depth with rawnts of number of questions
for each depth shown in each segment of a columNifik.

It was important to Nick for his students to undansl the purpose behind the
problems they were working. He wanted the studensge the usefulness of things. He
stated in his second interview “. . . the purpadehis course] is far more focused on the
biology of this. So remember what this variablanggrpret your results. So it’s trying to
get them to interpret what we’re looking at . wdnna make it useful for them."

Nick also thought that if students could connest/mnformation to something
they learned in the past or to something they weegested in, it would help them learn
the material better:

Nick: | mean the idea-I think | want, | think I've heasdread or maybe just

thought this about those things. If you are leagramew thing and can relate it to

an old thing, you’ll remember the new thing bet&w.you’ll retain the new one
better. Yes, helps you learning it. And that if y@an build it on top of something

you're very comfortable with, it's . . . that's . it got roots. It was down at a more
solid concept. So yes, | think if you can relatis tb something that they know or
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they're comfortable with, it helps with retentioncalearning and whatever metric
you wanna use. (interview 2)

During Nick’s first observation his most common giien was a Comprehension
Check, depth 0. This was often in the form of a yda understand” type of question and
typically to wrap up a problem or process withiprablem. In one instance Nick worked
out the procedure to find the equilibrium point$teA he worked the problem on the
board (explaining the steps as he went, for exafipdav | divide byr”) he spent 22
seconds erasing the board, turned and looked atdaks, and asked “Any questions on
how | got those equilibria?” Nick waited 11 secohé$ore continuing then said “No?
Good? Comfortable?” and then continued with théjam. This illustrates both the
context and his use of depth 0, Comprehension Cheegtions.

Nick stated in his second interview that it was amant for the students to
understand what their answers actually mean. Amelaof this, and of how he used
Elicit Thinking questions, comes from Observation A

After finding the equilibrium in a problem, Nickagiped and turned to the
students:

Nick [points to the board and immediately turns arotanthe class while asking]:

“Ok, so what is this guy? If my equilibrium is a&rp, what does that
represent biologically?

StudentWell, no, | don’t know.

Nick No, go for it! Say it. Say it. Come on, do it.

StudentEveryone is dead?

Nick [smiling]: Yeah, everyone is dead! Extinction,higlf we have no

individuals, then the percentage of the maximunhwecan have is zero.
Nothing. Everyone is dead. We can't reproduce tfisgi sound, while
acting like he is squashing something between &msls)] stuck there. [The

discussion then continues with what a differentildgium point might
mean.]
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The first two questions were the same questionygphrased. This was treated
as one question since there was no pause betweguéistions and the second question
was rephrasing the first, perhaps to clarify whatquestion was. This was a typical
scenario in Nick’s classes throughout the studywdeald often wait for students to
answer and after they had answered he would répeanswer or add to the answer,
often using humor or sound effects as he did hdre.question was coded as an Elicit
Thinking question, depth 2 because he was tryirdydw out what the students were
thinking about an actual value and how they migtdrpret that value biologically. He
was asking for the meaning behind the answer @athpting to connect that answer to a
biological concept.

During Observation B, Nick was introducing diffetiahequations to the class.
He pointed out that given a derivative they wiledego know from what function that
derivative comes (antiderivative). It is importaminote that at this point in the semester,
the students had not covered antiderivatives. Nidknot explain during this class period

the procedure to find an antiderivative. In thédwing excerpt, from Observation B, the

d
students were given the differential equati@"t‘hm]I - zb{t]. The students were

guessing what the functioBt) might be to make the equation true.

Male studentThere’s got to be an easier way than just gugssin
Nick (laughing) This is more fun, for me. [Students laugh.] Seaht a function
that looks like itself when you differentiate iNigk writes on the board

“b(®) = ”. Without lifting his chalk he continues to speadk, so someone
saide to thet. [Nick writese' on the board, turns to the class] Should we
try that?

Several students: No.

Nick Why not?

Male studentlt won’t work.

Nick Why not?

Several student®8ecause it won’t double it.



101

Nick Ok, so how can | double it?
Student[indiscernable] s@** ?
[At the board, Nick changes the equatio®) = €* . Many students begin to

speak at once sounding like some are agreeingand are saying it still
won't work.]

Nick Let's see what happens. [Nick writes on the bdaf) = ] What isb’()?

Male student2 e to the 2. [Nick writes his response on the board.]

Nick What is 2 time® of t?[while writing “28() = " on the board.]

Several students resport*®.

Nick turns to the class and smiles.

Female studentSo it doesn’t matter what you plug in as longase you get
there you get that?

Nick [furrows brow as if confused]: What do you meadadgesn’t matter what you
plug in?

Female studenWe don’t have to have at the end.

Nick, still looking confused: What do you mean wend haveb at the end? [2
second pause] We do havat the end, it’s sitting right here [he draws a
box arounce®®.] This is two because we could write this tixo

Female studeriimoves her hands as if to say her head was exgp8io another
problem . ..?

Nick began by attempting to draw out whether drthe students think that trying
this function will work, Elicit Thinking. He did raask for a reason, so the depth is 1. He
asked “Should we try that?” After the students sadand it would not work, he
responded with a Probe Thinking, depth 2 questMny not?” This question was a

prompt for the students to communicate why theydb the initial answer would not

work. He wanted an explanation for their reasonirte question “What i8' t)?” asked
for a simple derivative. At this point in the seneesaking the derivative &** should
have been a simple memorization task and this wdsdcas a Comprehension Check,
depth 0. Similarly, “What is 2 timdsof t?” was also a Comprehension Check, depth O.
After Nick completed the problem a female studerthie class asked a question he did
not appear to understand, and he responded, “Whgdu mean it doesn’t matter what
you plug in?” This question and the following quest‘What do you mean we don’t

haveb at the end?” were both coded as Elicit Thinkingptth 2 questions. Nick was



102

trying to get the student to communicate what she thinking and explain her reasoning
for saying “it doesn’t matter what you plug in.”

Disha: Why do we do this? Because . . .
Context

Disha was a doctoral student in mathematics atrtinee of the study. She grew up
and went to school in India. She completed her grdduate degree in mathematics
from a major university in India. Disha saw thetiastor’s responsibility as presenting
knowledge to students while it is the studentpaeesibility as taking that knowledge and
making sense of it on their own.

In the semester of the study, Disha taught oneoseof Calculus for Biological
Scientists with 30 students enrolled. Of thesestBlents (67%) regularly attended class
meetings. Disha relied on lecture throughout theeoled lessons. She indicated that she
did not like group work because it seemed to hat itrevitably “one person will end up
doing all the work.” She believed that studentsHeaathematics best by working
individually.

Disha regularly spoke up in coordination and statedformal conversation with
me, that she enjoyed coordination meetings. Heklydegs indicate that she often used
ideas from coordination with individual studentiadl groups of students, or in the
classroom. Working with individual students, or drgeoups of students occurred during
her office hours. She also indicated she felt thatdeas presented in coordination
sometime#creased student confidence in mathematics pl@eddeeper understanding of
the mathematics, and helped increase student shierenathematics. She also noted a

particular instance of an instructional idea shedusom a video case:
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Disha: It was from the video sessions . . . that | wakiericed to break down a
problem to simpler depth. I tried using it whilathing Euler's method. |
was pleasantly surprised by the class participamhenthusiasm when
the students knew answers to smaller problems amid eveave the
concepts themselves. (Week 5 Log).

In her first interview, Disha said she believed thsking questions caused the
student to think and that it was important to et they think about the mathematics.
Disha’'s Week 6 Log also gave some insight intoldediefs about learning. She said
“learning is fun only when it is active. It is imgant for me that the students are actively
engaged in thinking rather than passively learfiiDgsha reported that she spent
between 6 and 15 hours each week preparing fos,d@ading homework or quizzes,
discussing ideas with other instructors, and piaganaterials for class with most of
these hours spent grading.

Disha asserted in interviews and in coordinatiorting comments that she
wanted to improve her teaching while also indiaGatam more than one occasion that she
felt she was a good teacher and did a good joblathieaching. She expressed that she
was willing to try different things in her classraoDuring a member-check conversation
with Disha, where we reviewed the initial profileher that | had written, she said that
she wanted to let the students have more contbhamted the students to become more
independent learners. However, she was not sureddw this.

Disha’s avowed love of mathematics showed in hechisng. When presenting
new topics she smiled and explicitly stated howoftthe mathematical ideas were. She

also asked, “Isn’t this exciting stuff?” She apmehto genuinely enjoy herself in the

classroom. This was Disha'’s fifth semester (fieshester of her third year), teaching.
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Use of Questions

Across the four focus classes, Disha asked an geefal28.5 questions per class
period. Most of these (74%) were Comprehension Khdbe most common two
guestions being “Is that ok?” and “Do you underdtaumat | am saying?”

Table 10 shows Disha relied primarily on Compref@n€heck questions during
the observed lessons. Disha asked few Content GlretElicit Thinking questions and
rarely asked Probe Thinking questions. The mostbietchange for Disha was a change
in the use of Hypophora after the first observat@uaring her first observation, 25% of
her questions were hypophora. On subsequent dayseticentage of hypophora was less

than half the percentage from her first observation

Table 10

Disha’s Question Category Percentage Per Class

Comprehension  Content Elicit Probe Classroom
Check Check Thinking Thinking Hypophora  Management
Obs A 67% 3% 5% 0% 25% 0%
Obs B 75% 0% 1% 0% 11% 12%
Obs C 76% 3% 7% 1% 12% 1%
Obs D 7% 6% 0% 0% 10% 5%
%Totaf 74% 3% 4% 0% 14% 5%

Due to rounding, rows may not add to exactly 100%.

However, the per-class distributions of these ahdraypes of questions varied

over time (see Figurel3).
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Disha: Question Categories per Observation
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Figure 13.Relative frequencies of question codes in obsemst for Disha

During Observation C, Disha had the greatest nurbEtficit Thinking questions
such as, “What would you think differential equasare?” and she asked Probe
Thinking questions such as "Why not?" after stusleasponded “No” to “Will this
represent the given situation?” A change in hypoplizas notable across the study. In
the first observation, she used the greatest nunfdgrpophora, 25 hypophora (25%).
During subsequent observations, it was less lik@lyisha to answer the questions she
posed. Instead, she waited for students to ansmwat.least one situation she asked a
guestion and stepped away from the board and wa@es®conds for students to respond.
In Interview 3, | asked about her choice of whickestions to use and why wait longer
for answers on some. Disha said, “those were tlestmpns | thought of when | [as a
student] learned the material and | thought thdesits should think about those
guestions as well. | thought it would help thenritethe material better.” | did not gather

information about how each of the instructors ledrapecific calculus concepts
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themselves. In this particular case, the questinaka used were those she had when she
was a student. | return to this, below, in discussf what Disha valued as a “good”
guestion.

Figure 14 shows percentages of the depth of thstipms asked per class for
Disha. Classroom Management questions were renfowexthe totals. The number of
questions of each depth is listed within each eaatf the graph. From the graph we can
see that the majority of questions were of depthi6.notable that after the first
observation, Disha asked a greater number and hjpgiteentage of depth 1 questions.
Like Nick, she asked the greatest number of de@hdl2 questions in the middle of the

observations. Disha did not ask any depth 3 questio

Disha: Question Depths per Observation (with Counts)

].OOQ';) _f-T 0 [
; 10

90% B —

80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

Edepth2
depth 1

Edepth 0

A B C D
Observation

Figure 14 Relative frequencies of question depth with rawrts of number of questions
for each depth shown in each segment of a coluonisha.
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Disha most frequently asked, “Does that make séritethat ok?” or “Do you
see what | am trying to say?” The next most comoumstions were depth 1
Comprehension Checks and hypophoras. Below is amgbe of her use of hypophora

Disha “What do we have in stability criteria? [no paléée start withdt/ds

[“dee tee dee ess”], ok. We start wittids I'm not going to do a bunch of
examples here, ok. Nowmf is the measurement, then this is howdtids
is represented by [pointing t&(f)” written on the board]. Right? [no
pause] then we will figure out equilibrium point.H? [no pause]
Because we are trying to find the stability of drgiilibrium points.”

This kind of reflective exchange was common forHaisluring her first
observation. It is important to note that Disha nlid pause after asking a question and
immediately continued with the answer to the quessihe posed. It is not clear that
much cognitive demand is made of students duridiguak of hypophoric lecture. It
appeared to have the same effect as a statemém students. While it was unusual for
students to attempt to answer these questiond,dlaberve at least one instance in which
a female student attempted to answer a hypophuasastmpn posed by Disha. Disha did
not acknowledge the student in any visible way wtes attempted to answer, but
continued with her answer to the question.

The observational data show a shift in the propaortf hypophora. Earlier in the
study, Observation A, when Disha posed a hypoplyuéstion--many of which had the
potential to be of higher cognitive demand, such dspth 2 Elicit or a Probe Thinking
guestion, she gave students no time to answerbse®ations B, C, and D Disha was
giving time to the students to answer these questithey were no longer hypophora and
were coded accordingly (e.g., as depth 1 Elicinkimg).

In Observation B, when a student provided an irezranswer, Disha did not

acknowledge the answer and turned her gaze awaytfre student who offered it.
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However, during Observation C, Disha spent appratehy 15 minutes of a 50-minute
class period exploring incorrect solutions thatghalents had offered. This was evidence
of a significant change for Disha. Looking acrdss qualitative coding of her four
classes, | saw that in early observations (A andh®)rarely acknowledged answers that
were not correct and did not use more than a cafpi@nutes total of class time to
explore them. She sometimes explained what wasgwatth an incorrect solution, but
never spent much time on engaging students in aecsation about incorrect solutions.
Another thing that emerged from the qualitativeingdf Disha’s questions and
their discourse neighborhoods was what Disha vahseal “good” question from a
student--a question was good if it would have o@mito her. For example, in
Observation C, when Disha asked if anyone had aegtepns about asubstitution
problem in which she made= sinx so theduwas cox. A student asked why they did
not let cosx be theu since sirx is the derivative of cos (which was the reasoning Disha
gave for choosing = sinx). She responded with “That is a good question lee#hat is
a question that | would have thought of.” This lass remark echoed similar comments
she made in interviews and course coordinatiomtirview 2 she said “l chose to ask
those questions because those are the questidrigtibaght of when | was learning the
topic.” And in course coordination she said, “thase the type questions they should be
asking.” Combined, these data suggest that whdtaaw as worthwhile when it came
to using and responding to questions relied heariljhow well aligned a question from a
student was to her own way of thinking. As note€hapter Il, and discussed further in
the next chapter, research on novice teacher dawelot has documented that early

career teachers (across grades) rely primarilynem bwn ways of thinking.
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Omar: Do you see how cool math is?
Context

Omar was a doctoral student in mathematics atnie af the study. He grew up
and went to school in Pakistan. His undergraduegges was in mathematics from a
small university in Pakistan. He related his teagho how he learned. Omar said that if
something helped him learn, he thinks at least soinhés students will learn in a similar
way. Omar also stated in his first interview thist Undergraduate teachers were very
“formal,” expecting the students to listen to teadher, take notes, and not ask questions.
He did not feel this helped him in class, so hd baitries to have a more relaxed
environment in his classroom.

Omar enjoyed mathematics and liked many of thectope taught. He said they
“are cool” so he wants the students to learn hodotd because “it’s just cool”. The
semester of the study was Omar’s third year ofreagg his sixth semester.

Omar acknowledged that different people learn ffedent ways and said he tried
to teach in a way to reach different people. Atsame time, when asked about the
connection between his teaching and students'itegr@®mar said he just had a "strong
class" and that was why they did well on exams.

Also, he was very open to noticing the culturafeténces between his own
undergraduate experiences and that of his studéfiitat the differences might mean for
him and for his students were something he wasngiilking to understand.

Throughout the observations, Omar’s instruction thasugh lecture. He said he
did not like group work because “in order to reddlgrn math you have to do it on your

own,” which was his perception of how he learnedaanathematics. Such “real
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learning” could be facilitated by working with a ,edknowledgeable someone else, as
when he learned mathematics by working with hitesignd discussing ideas with her.
The difference between group work and working \hithsister was that he felt she was
more of an expert on the topic, since she hadldss defore, and was there as a resource
for his learning, like a teacher, to answer hisstjoas.

Omar’s responses to the weekly logs indicatedltbatometimes used ideas
presented in coordination in the classroom or waithndividual student. He was cautious
in asserting that the ideas presented in coordindielped increase student interest in
mathematics or helped students gain deeper matloaiatowledge. He mentioned in
Weekly Log 2 “l used it in office hours with a serd. [I] gave the student more time to
think.” He continued “I'm not sure [if it influenckstudent learning]. There is no measure
to see if it helped that one student more or leé@siar reported that he spent between 3
and 9 hours per week preparing lectures, gradimgelamrk and quizzes, and preparing
material such as quizzes and homework for classidtied that most of his time was
spent grading because he had taught the classbefor
Use of Questions

Omar’s lectures included an average of 63 quespenslass. Across the
observations Omar had subtle changes in the coatehtocus of his questions. Omar
primarily asked Comprehension Check questions (Z%h as “Any questions on this?”
and “How do you calculate potential critical val@ésle asked Elicit Thinking questions
such as “What would happen to the limit if you haveity over zero?” and “Why are

the endpoints [in this function] interesting?” Hedsthat asking questions made some
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students think, which he felt helped them learnrttagerial. Other students, he said, “will
go home and reread the baoid their notes and will learn it that way.”

Table 11 shows the percentage of question categpeieday for Omar. Omar
asked a Probe Thinking question during the sectsdroation. Throughout, he asked

Elicit Thinking questions, but relied on ComprehensCheck questions.

Table 11

Omar’s Question Category Percentage Per Class

Comprehension Content Elicit Probe Classroom
Check Check  Thinking Thinking Hypophora Management
Obs A 70% 3% 17% 0% 10% 0%
Obs B 91% 0% 3% 1% 5% 0%
Obs C 74% 10% 8% 0% 7% 1%
Obs D 2% 7% 4% 6% 10% 0%
%Totaf 78% 5% 8% 2% 8% 0%

2 Due to rounding, rows may not add to exactly 100%.

Taking a different look at the same data, Figursdfmmarizes the distribution of
guestions by category across the study. Omar gakearily Comprehension Check
guestions and he also asked a variety of quesitioeach of his classes. Omar did not ask
any Probe Thinking questions in his first obseomthut did ask Probe Thinking
guestions during Observations B and D. He askedratest percentage of Probe

Thinking questions during his last observation.
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Omar: Question Categories per Observation

100%
90%
20% ProbeThinking
70% = Hypophora
60% B ElicitThinking
50%
0% ® ContentChk
30% B CompCheck
20% m ClassMgmt
10%

0% '
A B ( C

Observation

Figure 15 Relative frequencies of question codes in obsienvafor Omar.

Additionally, Figure 16 shows Omar’s daily perceygs of the depth of the
guestions asked per class. Classroom Managemestiapgewere removed from the
totals listed in the figure. The number of questioheach depth is listed within each
section of the bar graph. Different from the otimstructors, Omar asked a higher
percentage of depth 1 questions. In fact, the ntgjof his questions in Observations B
and C were of depth 1 and, summing across allffmus classes, 174 of the 314
guestions asked (55%) were of depth 1. Depth Otmunsswere his next most common. It

is also notable that Omar asked depth 2 questioab of the four focus classes.
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Omar: Question Depths per Observation (with Counts)
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Figure 16 Relative frequencies of question depth with rawnts of number of questions
for each depth shown in each segment of a colum@®raar.

Omar’s most common questions were depth 1 CompsatreChecks. The
transcript below is an example from Observatiowhen asking questions Omar
commonly asked for the next step in solving a probl

Omar. “Once you find the equilibrium, what's your nestep?”

Several studentsFind the derivative.”

Omar. “Find the derivative of the discrete time dynaatisystem. And what side
of the derivative do you use? Is this [pointingatonstant] involved in the
derivative or not?”

Male student“No.”

Omar. “This is not involved in the derivative. Basigale can write this function

as a function of:. We can writeR(x.) is equal ta¥: +1 which is equal
to x.g ¥t "

The first question is a depth 1 Comprehension ChEgis was a very common

guestion for Omar to ask. After the students gaeeanswer he repeated the answer and
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then asked a depth 0, Comprehension Check queBibin.types of questions were
common for Omar to ask in the beginning and througimy observations.

Omar also asked Elicit Thinking questions in evdass period | observed. These
were often to point out some particular pattera problem or to engage the students in
what Omar referred to as “really cool stuff.”

Omar. \flvr;jat is my objective? What do | want to do overd? What do | want to

ind?

Student[Student responded with what sounded like “fine tlerivative.”]
Omar. | want to find this, right [looking at the roorand pauses about five

1
seconds]? What if | rewrite this . . . What if literthis as?* 3% ,

whereX is this thing over here?[three second pause, god@ning the
room] | want to solve this right? So if | replatestentire term withx | |

1
get?* ¥3% . And what do | need to do?

StudentSolve it?

Omar. Solve for x , right?

The initial three questions, in Omar's first stagain were treated as one question,
rephrased (he did not pause between the questldag)aused after the third rephrasing
of the question and then continued after a stuaEsmonded. This initial question was
coded as a depth 2, Elicit Thinking question. igresd a depth 2 to it because the

guestion involved not only a procedure but alsecquest for the reason behind the

procedure. The following questions were each c@dedepth 1, Elicit Thinking

questions, until the final question, “Solve for right?” which was coded as a depth O
Comprehension Check. The intermediate questions e@ted as depth 1, Elicit
Thinking questions because Omar reduced the ofigirestion to procedural steps but

was still attempting to get the students to commatei their thoughts on the problem.

The last question Omar tells them what to do, sfidve , and then just checks that the

students agree that this is the correct procedure.
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If Omar did not get a satisfactory response, astilated here, he regularly
rephrased the question or asked a lower depthiqoeBly asking these questions he
continued to try to get the class to respond, euisked simpler questions which turned
the original question into a more procedural guestir even a memorization question.

During the observed lessons Omar occasionally aBkelbing questions as
illustrated by the following exchange from Obseivat?.

Omar. So if you're trying to find the leading order laetor, asx goes to infinity,

which term would you choose?

Several studentg *.

Omar. €™, sure [pauses and looks around the room]. Whyait?t

[Several students respond by laughing, looking rgdbe room, or shrugging.]

[Omar smiles and continues with an explanationfagter functions” and

“dominant functions.”]

Omar began this exchange with a depth 1 Compredrei@ieck question. This
was coded as a Comprehension Check question beCansehad spent some time on a
previous problem discussing a similar function.eAfte got the answer from the
students, he looked around the room. He did no¢apip be satisfied with the answer
even though it was correct, and he followed updiyath 2 Probe Thinking question,
“Why is that?” This question was investigating tkasoning behind the students’
response. He may have been attempting to conmeassan behind the answer given by
the students. There were no Probe Thinking questiohis first observation and five
(6%) in his last observation (see Figure 15).

Pramod: Why do you think that?
<silence>
Context

Pramod was a doctoral student in mathematics dirtieeof the study. He grew

up and went to school in India. His undergraduagree was in civil engineering from a
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major university in India. He also completed a ragstdegree in computer science from
the same U.S. institution where he was a doctodadllring the study. Pramod
mentioned that, for him, Engineering and Computaerge were just applied math, so
the transition to the math PhD program was a nktraiasition and “just made sense” for
him to pursue the mathematics PhD. Pramod wassisddond year as a PhD graduate
student at the university. It was hi§ 8emester teaching as the instructor of record. In
past semesters he taught Calculus for Biologicarfgées and Calculus Il.

In addition to being a Ph.D. student and instruiorcalculus, Pramod’s out-of-
school responsibilities were significant: he anslartner had their first baby that
semester. Pramod reported that it meant that healiget much sleep. He also noted on
more than one occasion that at times he felt ovelnwé&d with his responsibilities.
Pramod originally asked to “think about” particiipgf in the study because of being a
new father. Later, when he confirmed he would pgodite, he said it was because he felt
that participating in the study was important aedalanted to learn more about teaching.

For Pramod, his main responsibility as a teachertwaffer knowledge to
students. He considered it to be the studentsorespility to take in the knowledge and
make sense of it. Pramod cared about his teachiig aiso reporting that he felt
pressed for time in getting all the material codeii@uring his master’s degree work in
computer science, Pramod oversaw undergraduasetaions. He liked the lab format
and pointed to that positive experience as a retst@ach using group work.

Throughout the study his primary instruction wa®tigh lecture. In the four

focal classes, 80% of class time was lecture fariftat format included an average of
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86 questions per class meeting. In his first ineawy Pramod said he believed that asking
guestions made students think and that helped tbdearn.

Pramod’s responses to the weekly logs provide sosight into his perceptions
of teaching, learning, and learning to teach. Pchneported that he generally used the
ideas from coordination in the classroom (as opgése&luring office hours). Pramod
expressed interest in the idea of “engaging” stteléthe commented that, he engaged
students “by asking them questions to assess hdvth&g are understanding what is
being taught” [Week 2 Log]. He also noted that aglquestions “made them engage
better with me as an instructor, and they were raotwe learners that way” [Week 4
Log]. That is, Pramod mentioned the student engagéndea on two separate occasions
(2 out of 8 logs). He also reported, in the Wedag} that he used problem solving in
groups prior to a quiz and asked questions abadest understanding. He stated that
both of these ideas, group problem solving andgpiig-questions, helped students
understand concepts better. Pramod reported thagdeideas from coordination often
and that his perception was that his use of ideasepted in coordination often helped
his students gain deeper mathematical understaagitidnelped increase student interest
in mathematics. He reported spending 9 to 15 h@@arsetimes more) each week
preparing for class; preparation included gradprgparing lectures, quizzes, and
worksheets, as well as talking with other peopleualbeaching (e.g., in coordination
meetings, informally with other instructors). Madtthese hours came from grading. His

logs indicated that preparing questions to askesttsdwas helping him teach better.
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Use of Questions

Across the study, Pramod had variety in the cordadtfocus of his questions. He
primarily asked Comprehension Check questions (&AL#éh as “What does the second
derivative tell us?”; “Does that make sense?”; “\\MBahe leading behavior of the top
term?” He also asked Elicit Thinking questions dgrihree of the four observations
analyzedsuch as “What do you think is going on with thiadtion?” and “How would
you approach this second problem?”

Table 12 summarizes the categories of questionshsarvation for Pramod.
During Observation B, Pramod only asked CompreloenSheck questions. However,

during observation C he asked the greatest nunfliélroit Thinking questions, 25%.

Table 12

Pramod’s Question Category Percentage Per Class

Comprehension  Content Elicit Probe Classroom
Check Check Thinking Thinking Hypophora  Management
Obs A 68% 0% 16% 0% 5% 11%
Obs B 100% 0% 0% 0% 0% 0%
Obs C 59% 6% 25% 0% 6% 3%
Obs D 68% 0% 11% 0% 2% 18%
%Totaf 71% 1% 14% 0% 4% 10%

Due to rounding, rows may not add to exactly 100%.

It can also be seen from the table that Pramoe thike other instructors, relied
heavily on Comprehension Check questions.Takiniffereint look at the same data,
Figure 17 summarizes the distribution of the catiegoof questions across the four

observations. As discussed above, Pramod religgioomprehension Check questions
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throughout the study. With the exception of ObseoveB, he used a variety of question

categories.

Pramod: Question Categories per Observation
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Figure 17 Relative frequencies of question codes in obsienvs, for Pramod.

Figure 18 shows Pramod’s daily percentages of ép¢hdof the questions asked
per class. Classroom Management questions werevezghimm the totals. The number
of questions of each depth is shown within eachi@eof the graph. It is notable that
Pramod asked depth 2 questions in each of thefdous classes though the proportion of
depth 2 questions fluctuated across the obsenatinramod did not ask any depth 3

guestions.
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Pramod: Question Depths per Observation
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Figure 18 Relative frequencies of question depth with rawnts of number of questions
for each depth shown in each segment of a coluonriRriamod.

Pramod asked several Comprehension Check, deptti 4cane Elicit Thinking
guestions, as illustrated below.

Pramod You see there is only one equilibrium here, whichero. So we have
ourx star equaling zero, but what happened to the athe? [pauses for 4
seconds while looking around the room] We haveaguilibrium points,
right? We aren’t seeing the other one. What doguoys think happened
to that? [waits for 6 seconds while looking arodmel room] Let’s find out
what happened. How would you do that?

Male studentPlug in zero point five.

Pramod[nodding]: Plug in zero point five there. So whlaes that become?

Female studeniNegative one.

Pramod[nodding and writing on board]: Negative one. figito the class] So
negative one as an equilibrium point does not niéddegical sense. You
cannot have your population going in the negaBeethat’s the reason we
don't see it here [points to graph on the boaraiKsoaround the room for
4 seconds]. Does that make sense?

The first question, “What happened to the other orees coded as an Elicit Thinking,

depth 2. Pramod attempted to draw out what theestisdvere thinking about an
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equilibrium point that had disappeared. He was atdong for an explanation. He did not
get any response from the students so he clafifMlhave two equilibrium points,
right?” He was pointing out and confirming that gtadents saw that there were
originally two equilibrium points, this was a Corepension Check, depth 0. Then he
attempted again to get the students to communidadt they think may have happened,
“What do you guys think happened to that?” He nez@ino response, so after a pause,
continued with his example and asked “Let’s find what happened. How would you do
that?” He was asking for the students to tell hipr@acedure (plugging in a value) and
checking to see that they knew to do this. Wheadked “So what does that become?”
he was asking for a simple calculation, and this e@ded as a Comprehension Check,
depth 0. He then explained why the equilibrium p@mot visible in their graph and
concluded with another Comprehension Check, depie8tion, “Does that make
sense?” As illustrated here, in many instances Bdamsked questions and waited
(sometimes up to 15 seconds) for a response. lergkistudents waited for him to
continue, and answer his own question, rather tégmonding to his question.

During the final observation of Pramod’s teaching chose to have the class do
problem solving in groups for the majority of tHass period (the last 30 minutes of a
50-minute period). He told me during an informaheersation prior to the class that he
had covered all the required material for the ceule felt by letting them work
problems he could ensure that students undershaochaterial and could ask questions
when they needed help. | asked Pramod if the stadiked having class periods like this

and he replied, “Oh yes, they love it.”
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During his final class period the students broke groups. They did this quickly
and without help from Pramod, suggesting that sativity was well-practiced. After
Pramod wrote the initial problem on the board fam to work, they immediately began
discussing the problem in their small groups. Irtléhe students saying things to each
other like “What would be a good way to start?”; diy how did you get that?”; “Why
did you do it that way?”; “Oh | get it.” | also olawed the students gesturing and moving
their hands to illustrate ideas; for example, thtioned in the shape of the graph. At
the beginning of the class time, Pramod spent abouinhutes at the podium flipping
through his book. He then wrote a second problerheroard for the students to work
on. After writing this problem (approximately 3 mates had passed) on the board,
Pramod walked around the room. He watched the grérom the front of the room or
walked past a group and listened for a few secdqetging far enough away that his
presence was not an interruption. He sometimesiaskeoup of students if they needed
any help. If they answered yes, he stayed and ardvgeiestions from the group. Then
he continued to the walk around. There were sevempg ranging from 2 to 4 people in
each group. At least five of the groups called Rrdmver to ask him a question at some
point during the class. Pramod usually spent 2 tes(on average) with the group,
answering their question(s). Pramod did not asl¢ weany questions when he was with
most of the groups. Instead, he pointed out impbdapects of the problems and
answered students’ questions. During this clasegdne students worked together when
in the groups and explained things to each othappeared they only asked Pramod
guestions when they disagreed or got stuck on songetPramod chose not to interfere

with the discussions unless the students asked.
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During one exchange, Pramod asked a questiorhandobinted out something
about the problem to help a student figure out tm¥ind a derivative.

Female studertalls Pramod to her group and says]: | struggta the fraction,
the integral.

Pramod Mm-hum.

Female studentUm, does that look right?

Pramod Which part are you working on?

Female studenfThe um, D. To find the exact change.

Pramod Ok. So...

Female studentSo | took the four out and did the integral aneint | did the
integral of that.

Pramod[nodding]: Mmmm, yeah.

Female studentAnd then, so | think that | got twicsquared over two plus the
natural log ot squared. Does that make sense? [Looks up at Pramitel
she is talking. She seems unsure of her answer.]

Pramod How did you get that?

Female studenUm . . . that’'s my question. [student laughs #reh Pramod
laughs] | know that the antiderivative tos t squared over two.

Pramod But that doesn’t help. See this is a complicdteattion.

Female studentresitis.

Pramod We don’t know exactly the integral of this furzoti

Female studen©Oh, so | should do thesubstitution.

Pramod[nods]: Exactly, there you go.

Female studentGot it.

The first question, “Which part are you working dbm&s to get himself oriented
to the problem. This was a clarification questiod avas coded as a classroom
management question. The second question Pramed,astow did you get that?” was
coded as an Elicit Thinking question, depth 2irted at the process the student went
through on the problem and her explaining the cotioe behind her work. After
listening carefully to her, he realized where slagenher mistake in reasoning and points
out the flaw “this is a complicated function...we &dmow the integral of this
function.” She immediately says “Oh, so | shouldtleu-substitution.”

On this day, Pramod spent approximately 16 min{gbsut 32% of class time) in

front of the classroom lecturing. Students workagkther in groups for about 30 minutes
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(60% of the time). Although Pramod did not ask asynquestions (a total of 45) this
day, as other days, the climate of the classroommmuach different. Pramod expected the
students to ask and answer each other’s questimhha students appeared to be aware
of and complying with this expectation. | did ndiserve any other instructor spend this
much of a class with the students working and disitlg problems with each other.
Evelyn: Do you agree with him?

Context

Evelyn was an instructor in the mathematics depamtrat the time of the study.
She recently had completed a PhD in Mathematice&dhn at the university where she
was teaching. Evelyn grew up in Australia where crapleted two undergraduate
degrees, one in pure mathematics and one in comgeiénce, from two different, major
universities. In her previous job at a financiatitution she had multiple responsibilities.
She was a programmer, did analysis, and she desagmtewrote computer systems for
financial applications. While at this institutiowvélyn trained and taught new employees
how to do their jobs, something she found to bg emjoyable. She did this type of
teaching for approximately 15 years. Because gsfekperience, she chose to pursue a
graduate teaching degree in Australia. She conptetcher preparation and taught
mathematics at the secondary level for approximatehonths. After moving to the U.S.
she had an opportunity to grade high school cascekams for a grant funded project.
While grading exams for the project focused on imgdhe requirements of the No Child
Left Behind act (No Child Left Behind Act of 200Qualifications for Teachers and
Professionals, 2008), Evelyn became very interastéite difficulties calculus students

were having and she chose to pursue her PhD inemaitics education at the university.
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Evelyn was in her 5th year teaching at the uniter8irior to the term of the study all her
instructor-of-record university teaching experiemaes as a graduate student while taking
graduate classes. This was her first semester i3t as an instructor. Evelyn saw her
experience teaching that semester as differenulsecghe was no longer taking classes
and she was getting paid more.

For the study semester, Evelyn taught the largasions of biological calculus.
One section enrolled 110 students (roughly 85, 7at%nded regularly) and the other
section had 90 students (about 75, 83%, attendpdanty). The focal class for this study
was the second, slightly smaller section. Evelgtest in informal conversation that she
really enjoyed the large classes and expressediyaivere fun to teach. However she
also said that the layout of the classroom posatlariges. It had fixed seats. It was long
and narrow with a walkway down the middle, sevaais@ each row on each side of the
walkway (i.e., a total of 14 seats per row), artdltof 20 rows. Evelyn found the layout
inhibiting. She remarked in an informal conversatiath me, that because the class met
in a lecture hall with fixed seats, she felt sheldamot do as much group work as she
would like.

Evelyn used lecture as the main form of instrucfmrthe observed lessons. She
commented in interviews that she wanted studerite tengaged, and said she believed
that engagement in the material/lecture would kaldents learn. Her effort to engage
the students frequently took the form of demonsigaiow to solve a mathematical
problem and then telling the students to try alsimask on their own. While the
students were working, Evelyn would encourage thetarn to their neighbor and

discuss what they were doing. She would walk aradbedoom and when someone was
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working alone she would say to that person “[Staaeme], instead of trying by
yourself, turn to [student name] and discuss it.the four focal class meetings | visited,
an average of about 86% of each was lecture fortmagte class meetings were 90%
lecture, and one was 75% lecture. During the @dasi®d that was 75% lecture, Evelyn
began class by handing out a white slip of papailf (f an 8%2 by 11 inch sheet of
paper). She wrote a problem on the board and beldtudents to work in groups of two
or more on the problem. She wanted only one sHegwmer per group to be turned in
with everyone’s name in the group on it. The stiasl@nmediately turned to their
neighbors and began discussing the problem. Wl were working, Evelyn walked
around the room and listened to student discussindsncouraged the students to work
together (if they were working alone). After 15 mies she asked the students to turn in
the paper. She told me later that she liked ddimgtype of assessment periodically
because it seemed to engage the students anceihgaa chance to look at their work
and see where there appeared to be misunderstan&ing said that she would address
those misunderstandings in class the next day.

Evelyn’s responses to weekly logs indicated sheetiones used ideas from
coordination in the classroom, individually witlstadent, and with small groups of
students. Her perception of groups and group wak &vident in her answers to the
Week 5 log. Evelyn stated that she began classamithctivity and that activity “really
engaged the class” and helped “focus their atterdiothe work at hand.” When it came
to preparing for class, she reported spendingl®thours each week (sometimes more)
preparing lectures, grading quizzes and assignmeretsting with students, answering

emails, and, during some weeks, leading reviewiaes$or exams. Evelyn enjoyed
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teaching and stated in her Week 6 Log, when daagrén classroom discussion, “[the
students] responded with a collective ‘Oh!’ Lighills going off all over the room! |
love the sound of someone (or a group) finally us@ading what’s going on!”
Use of Questions

Evelyn asked, on average, about 60 questions ass pleriod. She mainly asked
Comprehension Check questions (73%), such as “Amegtipns so far?” and limited
choice versions such as, “What’s going to domih&te, my constant or my variable
term?” She also asked Elicit Thinking questiong)algh rarely (1% of questions), such
as “Can you explain why that happens?” and “Whayalonotice first [about the
function]?”

Table 13 shows the percentage of question categbyiebservation for Evelyn.
As with the other instructors, Evelyn primarily askComprehension Check questions. It
is notable that Evelyn did not ask any Probe Tglquestions; however, coding of the
discourse neighborhoods related to her questiahsdad the fact that Evelyn’s students
had a habit of offering explanation about why thieyught the way they did without
Evelyn asking them to do so. As noted above, thpeetation was evidenced by her
regularly encouraging students to turn to anothdrdiscuss” and was part of the socio-
mathematical norms Evelyn promoted her classrobims.also notable that after the first
observation Evelyn asked fewer Hypophora (21% éfittst observation and less than

10% in the subsequent observations).
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Table 13

Evelyn’s Question Category Percentage Per Class

Comprehension  Content Elicit Probe Classroom
Check Check Thinking Thinking Hypophora Management
Obs A 71% 5% 0% 0% 21% 2%
Obs B 68% 11% 3% 0% 6% 13%
Obs C 76% 12% 0% 0% 4% 8%
Obs D 79% 3% 3% 0% 7% 7%
%Total 73% 9% 1% 0% 8% 8%

Figure 19 summarizes the distributions of questlonsategory across the
semester in Evelyn’s coded observations. It caselaa from the figure that Evelyn relied
primarily on Comprehension Check questions. Theidigion of Evelyn’s question
categories was fairly stable (did not vary muchpas observations. This was different
from the other participants.

On the next page, Figure 20 shows Evelyn’s daitggmages of the depth of the
guestions asked per class. Classroom Managemestiangewere removed from the
totals listed in the figure. The number of questioheach depth is listed within each
section of the graph. From the graph we can seglikeall of the other participants, the
majority of Evelyn’s questions were of depth 0 (6&%74%). It is notable that, like
Nick, Disha, Omar, and Pramod, during Observat®asd C, Evelyn asked a greater
percentage of depth 1 and 2 questions than inahg &d end of study observations.
However, more than half of her daily questions waepth 0. Similar to the question
categories, the distribution of Evelyn’s questi@ptihs had little variation across the

observed classes.
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Evelyn: Question Category Percentages per Class
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Figure 19 Relative frequencies of question codes in obsienvs, for Evelyn

Evelyn: Question Depths per Observation

mdepth2
mdepthl
Wdepth 0
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Observation

Figure 2Q Relative frequencies of question depth with rawrts of number of questions
for each depth shown in each segment of a coluonrg\felyn.
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Evelyn said that asking questions got, at leastesointhe students engaged in the
material. She also said she relied on questioteato whether they were understanding,
as a way to help her in making her in-the-momentsitens about what to do next while
teaching. For Evelyn, asking questions not onlyt klee students involved but also kept
her from going off on her own and ignoring the stois. Evelyn spoke with a high
volume, and prompted students to speak loudlylsmald hear--recall that her classes
were larger than the other participants’ classés, about 80 students typically attending
the class. Evelyn was very energetic while teagHmgexample, she gestured broadly,
walked back and forth across the front of the roand, when students were working
together, she walked around the entire room liatgm on students. She waited for
student responses when she asked questions. ttorason for Evelyn to ask a question
such as “Are you getting this?” then turn towatus ¢lass and look around the room for
responses. She would not continue until she redeseene form of verbal or non-verbal
response from the majority of the students. Mangetts would simply nod, or give a
thumbs-up response. Evelyn’s students were veeydantive, often stopping her to ask
guestions about various aspects of the mathematics.

Again, Evelyn’s most common questions were Comprsio® Check questions. |
offer the following as an example, from Observatigrof a common exchange for
Evelyn. The entire exchange lasts 15 seconds.

Evelyn | need to find the derivative so | can use mytken. Which rule?

[Evelyn turns to the class as she asks the queatidrwaits for an answer,
approximately 2 seconds before someone answers.]

Male studentQuotient.

Evelyn You people over here, you agree with him? [tuawgards the room and
waits 2 seconds] Do | see some nods?
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It is important to note that Evelyn did not contnuntil satisfied by the student
responses that it was okay for her to go on wighpgtoblem. The first question “Which
rule?” is a depth 1, Comprehension Check. Shefasksdeclarative understanding of a
procedure with no connection. This question focumewvhat needed to be done. The
second and third questions are essentially the siestion. These are depth 0,
Comprehension Checks. These illustrate how Evebada “do you understand” type of
guestion. Consonant with what she stated in hst ifiterview, Evelyn appeared to be
using this question to gauge whether to go on thighproblem. This exchange illustrates
both Evelyn’s typical type of question as well &s ait time for responses. It was very
common for Evelyn to turn to the class, ask a qaesaénd look around the room,
appearing to look at each person’s face to get smmeof visual or verbal feedback.

Cross-Instructor Analysis
Student Preparation

The BRU office of Institutional Research providegtidentified ACT and SAT
scores for each student. The five focal classegnally enrolled 216 students. For 25 of
these students no ACT or SAT score was recordedetantries were removed from the
list of 216. Of the remaining 191 student scor&q, iad only an ACT score, 26 had only
an SAT score, and 34 had both scores. In order ammpean scores, all the scores were
adjusted to percentages (e.g., an ACT score ofé8awanged to 77.8%, as the
maximum score is 36). If the student only had amweslisted that percentage score was
used in the calculations. If the student had twwex listed, then the average of the
percent scores was used in the calculations. lildHme noted that in all cases when the

students had both ACT and SAT scores, the percersiaayes for each were within five
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points, so changing the scores to percentageslar tw compare the mean scores still
gives and accurate representation of the studgntlagtion within each class.

Since there was a need to compare the mean ACT#8&rEs across different
classes, an ANOVA was used to analyze the datairyssons must be met for the
ANOVA to be considered an appropriate analysisrgaflomness, (b) independence, (c)
normality, and (d) homogeneity of variance (HudB0&). A discussion of each follows.

The first assumption, randomness, states thatdpelation sample should be a
random sample of the population. The assumptioaredomness is not strictly satisfied,
but even though all available scores were usedM@VA is robust when this
assumption is violated. The second assumptionpigrddence, means that one person’s
score is not influenced by another person’s s@nd,this assumption is satisfied.

In addressing the issue of normality, descriptiatistics were performed in SPSS
(IBM Corp., 2013). The results are in Table 14.cAs been seen from the table the
maximum skewness is -0.532 and the maximum kurtes&470, which is within the
bounds for normality to be assumed (Tabachnick ek 2013).

To address the assumption of homogeneity of vagiaamd evene’s test was
performed. The Levene’s test for equality of vacefound the variancesre not
significantly different from each other, withpavalue of 0.8301f > 0.05 required to
assume homogeneity variance). Equal variance dmultksumed, and therefore the

required assumptions to perform an ANOVA were mi¢h this data set.
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Table 14

ACT/SAT Descriptive Statistics

Skewness Kurtosis

Statistic Std. Statistic Std.

N Range M SD Error Error
Nick 30 30.7 68.43 8.25152 0.114 0.427 -0.470 38.8
Disha 27 35.6 68.15 8.70545 0.340 0.448 -0.271 87D.
Omar 32 33.3 71.21 8.53867 -0.532 0.414 -0.432 9.80
Pramod 30 30.0 70.55 7.58236 -0.134 0.427 -0.435 8330.
Evelyn 72 445 69.58 8.97958 0.151 0.283 -0.304 .559

To examine the difference between the student ABT/Scores an ANOVA was
performed and the test found no significant diffexes in the score&(4, 186) = 0.712p
= 0.584]. Thus, it may be interpreted that eacthefclasses was not statistically
significantly different (i.e., stronger or weaker).

Student Performance

Final exam Since there were no significant differences foumthe pretest
(ACT/SAT) scores, no adjustments were needed wkamiming the final exam scores
for each class. After the final exam scores wetaiobd from the instructors, it was
observed that the data sets had several studethtsaares of zero listed for their final
exam score. It was verified by checking the nundégrades given in the course and/or
speaking with the instructors, that the students tdd a score of zero did not take the
final exam and those scores were removed from dkee gbts. After removing the scores
of the students who did not take the final examelveere 182 total final exam scores.

Broken down by class, there were 27 student saéomgk’s class, 24 in Disha’s, 29 in
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Omar’s, 30 in Pramod’s, and 72 in Evelyn’s. Siroeré was a desire to compare mean
final exam scores across the different classeaNDVA was used to compare the mean
final exam scores. Again before an ANOVA can bestiered valid for analysis there
are assumptions must be met. A discussion of edldwe.

The first assumption, randomness, was not streztisfied. However, in this
study all the available scores were used. So, agaen though the sample was not a
random sample, ANOVA results are robust. The seemsdmption, independence, was
satisfied as there were no overlaps of studengs, (@ exams were administered in
groups).

In addressing the issue of normality, descriptiatistics were performed in
SPSS. The maximum skewness is -1.336 and the maxkuauosis is -1.389, which is
within the bounds for normality to be assumed (Tab&k & Fidell, 2013).

Finally to address the assumption of homogeneityaofince, a Levene test was
performed. The Levene’s test for equality of vacemwas found to be violated withpa
value of 0.015¢ > 0.05 required to assume homogeneity varianca)aBeariance could
not be assumed, and, therefore, the required asgumapo perform an ANOVA were not
met with this data set.

When the assumption of variance is violated andther three assumptions are
met a comparison of means can still be performetyusWelch’'s Robust Test of
equality of means (Huck, 2008). A Welch’s Robust teas conducted and found that
significant differences in mean final exam scornelsrbt exist F(4, 68.258) = 2.059 =

0.096].
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Course grades The BRU mathematics department provided gradeldigions
from both Fall 2012 and Fall 2013.zAest for two population proportions is a test used
to determine if two groups or populations diffegrsficantly on some single
characteristic. The requirements to perforeitest for two populations are (a) a random
sample of each of the population groups and (byitta must be categorical. The first
assumption was not strictly satisfied, but zest is robust and the entire set of scores
was used for the comparison. The second assumpétiersatisfied as the data were
grades, which are ordinal categories, and freqesngsed in the analysis. Each of the
five focus classes’ pass (grade A, B, or C) and Dfgvélde of D, F, or withdrew from
course) rates were compared to the rates of alldéhons of the Fall 2012, Calculus for

Biological Sciences. The results are summarizethine 15.

Table 15

Pass and DFW Rate Comparison Per Class

Total DFW rate vs.
Total Passing Failing Students not in
Total Grades Grades instructor’s class
Instructor students (A, B, C) (D, F, W) (z score) p-value
Total Fall 2013 356 239 117 [basis for comparison]
Nick 31 23 8 -0.876 0.379
Disha 26 19 7 -0.670 0.503
Omar 34 22 12 0.317 0.749
Pramod 31 19 12 0.354 0.726

Evelyn 87 54 33 1.157 0.246
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Table 15 shows that for the Fall 2013 classesnswuctor’'s DFW rate was
significantly different than the total DFW rate amgostudents not in that instructor’'s
class. Similarly, a comparison of the Fall 2012 DFé with that in the five focus
classes DFW and overall Fall 2013 rate is summatizdable 16. The tests found no
significant differences in the DFW rate from 20022013, overall. Additionally, both
Disha and Evelyn taught a section of Calculus fioidgjical Sciences in the Fall 2012
semester, which allowed for comparison of ratessscsemesters. In both situations, the

test found no significant differences in the paskrates.

Table 16

Pass and DFW Rate Comparisons with Fall 2012

Total
Passing Total Failing DFW Rate vs.
Total Grades Grades 2012
students (A, B, C) (D, F, W) (z score) p-value

All Classes Fall 2012 349 239 110
Disha 2012 26 18 8 [basis for comparison]
Evelyn 2012 106 68 38
All Classes, Fall 2013 356 239 117 0.3826 0.70384
Focus Classes 209 137 72 0.7148 0.47770
Disha 2013 26 19 7 0.3061 0.75656

Evelyn 2013 87 54 33 0.2984 0.76418
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Question Depth

To provide the big-picture for what follows, thexbéhree tables summarize the
information on question depth coding from the obagons (see Appendix G for total
counts for each instructor). The totals in thedadre for the four observations for each
instructor that were carefully reviewed from thdao-recordings. Table 17 gives a total
count of each depth of question, broken out by tesode, for each instructor. For
example, across the four observations summariztteitable, Disha asked a total of 514
guestions while Pramod asked a total of 185. Feh®iafter removing the Classroom
Management more than half (294 out of 514 (57%)evfquestions were depth O
Comprehension Checks and 72 (14%) were depth O pihgra. Notice that each
instructor did use Hypophora at least some ofithe,tbut Disha did so 10 times as often
as Pramod, who used Hypophora the least, andsdttleae times as often as every other
TA. Also notable in the totals in Table 17 are thets that Omar asked the most depth 1
guestions and that there is no record of a depiiee3tion for any instructor.

Aggregating the data the distribution and countguestion depth (of all
categories of questions) is shown in Table 18. &lsesns across question types
foreground the distinction between Omar and therofiAs--he more often asked a

guestion of depth 1 than depth 0, but the othen®roften asked a question of depth 0.
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Question Counts by Depth and Code for Each Insbruct
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Depth Code Disha Evelyn Nick Omar Pramodarand Total

0 ClassMgmt 26 18 32 1 18 95
CompCheck 294 96 89 86 81 646
ContentChk 12 18 12 12 2 56
ElicitThinking 1 0 2 1 1 5
Hypophora 72 18 17 24 7 138
ProbeThinking 0 0 0 0 0 0

1 CompCheck 76 62 26 153 45 362
ContentChk 2 1 1 4 0 8
ElicitThinking 7 2 21 17 9 56
ProbeThinking 1 0 0 0 0 1

2 CompCheck 12 1 0 6 6 25
ContentChk 0 1 3 0 0 4
ElicitThinking 10 1 12 6 16 45
ProbeThinking 1 0 2 5 0 8

3 CompCheck 0 0 0 0 0 0
ContentChk 0 0 0 0 0 0
ElicitThinking 0 0 0 0 0 0
ProbeThinking 0 0 0 0 0 0

Grand Total 514 218 217 315 185 1449




Table 18

Distribution (and Counts) of Question Depth Codgsristructor and Overall
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Depth Disha Evelyn Nick Omar Pramod Grand Total
0 % of Total 77.66% 66.00% 64.86% 39.17% 54.49% 62.41%
Count along
Depth
Count 379 132 120 123 91 845
1 % of Total 17.62% 32.50% 25.95% 55.41% 32.34% 31.54%
Count along
Depth
Count 86 65 48 174 54 427
2 % of Total 4.71% 1.50% 9.19% 5.41% 13.17% 6.06%
Count along
Depth
Count 23 3 17 17 22 82
3 % of Total 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Count along
Depth
Count 0.0 0.0 0.0 0.0 0.0 0.0

A third way of organizing the data, shown in Tab% aggregates the information

by observation. While not the focus of this stutlys interesting to note that most

instructors’ question density (number of questipesclass meeting) varied, except for

Nick. Nick, the most novice of the instructors, edlan average of about 1 question per

minute at each class meeting.
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Table 19

Question Counts Per Observation by Instructor

Observation Disha Evelyn Nick Omar Pramod
A 100 42 48 63 82
B 149 72 56 97 27
C 154 75 55 88 32
D 111 29 58 67 44
Grand Total 514 218 217 315 185

Discourse Neighborhoods

In this section | discuss discourse neighborhoad®anding common questions
that the instructors asked in the classes obseAadss instructors, questions of two
types were common: “Do you understand/Does thaensakse?” and “What'’s the next
step?” Their frequency means there are many instatinat allow examination across
instructors. As noted above, though instructorsasinally elicited and probed student
thinking, they generally followed the evaluationtibtion-Response-Follow-up (IRF)
patterns common among novice teachers (Groth, 2@&Ban, 1979; Truxaw &
Defranco, 2008). Recall from Chapter lidiacourse neighborhoad made up of a
guestion and the related discourse that precedkelows the question, and may
include preceding topic(s) as well as utterancestuges, or actions and any associated
utterances, gestures, or actions following the tjes

In the following example from Omar’s class, ObséinraB | have underlined the

“do you understand” types of questions. The exantlpligtrates this type of question in a
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discourse neighborhood that starts out with riclthematical content from the instructor,
but contains no detailed confirmation of studemhpeehension about that content.

Omar: So what you want to do is draw the function, tle/w behaves at infinity,
draw the function the way it behaves at zero. [Ragnto the graph of a
function on the board] Extend that to infinity, agxtend the infinity to
zero, and you sort of get like some sort of intetisa point in between
those lines. Okay. Any questions on thjMost of the students shake their
heads, no] We're good? [A few students nod and Qroatinues with a
discussion of the type of problem a student miglet@n a test.]

In some situations, when the students were askédd gou understand” type of
guestion, the students would respond by askingnsteuctor a question. This is
illustrated by the following example from Evelyrcass, Observation B where | have
underlined the “do you understand” types of questid he example illustrates a
discourse neighborhood where the unspoken comnmntionday the instructor of working
a problem on the board precedes an interactioretttahds the neighborhood across
several student and teacher questions. This disea@ighborhood contains quite a bit of
mathematical content.

[Evelyn works a problem on the board, completesstiiation, and turns to the
classroom to ask the question]

Evelyn [Are] all the bits and pieces there?

Female studentiSo when a constant lies on the outside of atogeetric function
you take it out the front and just bring it dowhtae way?

Evelyn[nodding]: Yes, yes, yes. That'’s just a constaultiplied by a function.
You can take the function out the front and dedhwhe rest. [Several
students begin talking to each other while Eved/talking. She looks
around the room and seems concerned.] Frowns. duguyys happy

Different female studenbid you use the chain rule?

Evelyn[points at the board]: Chain rule to get this,.ydss is your outer
function, evaluated at my inner. Let’s get a red ped highlight that
[draws around the inner function on the board]sTikimy outer function.
That was my inner function. And this is the derivatof my inner
function. [Evelyn pauses and looks around the rpbsee some nods. As
| said, anything we ask you to find the derivatdfeyou should have the
toolkit to do so. What you need now is the conferfEvelyn continues
by explaining to the students how they can built ttonfidence, by
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practice, reviewing old homework assignments, wgwig quizzes,
practicing on blackboard, and working exampleswudised in class.]

In both of the above examples after the instrulstat finished an example the
instructor asked “Any questions on this?” or “Ar@uyguys happy?” This illustrates the
most common situations when the instructors askeddnfirmation from the students on
whether they were following along with the lectureboth situations, the instructors
looked around the room for confirmation from thedgnts. Omar received that
confirmation with head nods from the students,dpeated “We’re good?” and then
continued with his discussion. Similarly, Evelymssomething (frowns on the students’
faces) and asked for confirmation that they undexktOne student replied with a
guestion about a procedure on the problem. Evélgn explained what she had done and
again looked at the students and paused. She si#sywbich seemed to confirm that
they now understood the problem and she continuttdher discussion.

Another similar technique used by the instructoas wo ask for the next step of
the problem. These type questions were coded dk @igpomprehension Checks. When
asked for the next step of a problem, it was comfoothe students to answer the
guestion. It appeared that they were more comftatatswering “next step” questions
since multiple students would offer answers to ¢hgpsestions and the students would
offer an answer almost every time a “next step’stjo@ was asked. This is illustrated by
the following example from Disha’s class, ObsewaiC.

Disha[after completing a derivative withuasubstitution]: But then we started

with x and we ended up witlh Not acceptable, so what should w&do

Several studentmlking at once: Re-substitute back in.

Disha[nodding]: Re-substitute back. [Begins writingttve board] So negative

log of, what isu?
Studentgwhispering]: Cosine.
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Disha Cosinex plusc. [turns toward the class] Is that good? [Studentsand
Disha begins erasing the board so that she can begnext problem.]

Questions and responses like the examples abowealserved in all classes.

Across the five instructors in this study, disceungighborhoods for questions
tended to be small and local, focused on procediucerrectness. For the 1,449
guestions coded across the instructors, 83 wernat @loorse housekeeping, not
mathematics (see Table 20). Of the 1,366 mathemeatictent related questions, 95%
(1,299) were local--either narrowly focused ontlegt step in a problem-solving process
or constrained to discussion about a single problém other 5% (67) included linking
across problems or to a topic for the day. Nontefcoded question neighborhoods

linked to a larger topic.

Table 20

Total Count by Instructor of Type of Discourse Niigrhoods

Code Disha Evelyn Nick Omar Pramod Grand Total
NextStep 272 79 97 114 60 622
Problem 209 100 88 187 93 677
DayTopic 13 21 6 13 14 67
LargerTopic 0 0 0 0 0 0
NoMath 20 18 26 1 18 83

Grand Total 514 218 217 315 185 1,449

Around questions of depth 0, the form of discoursighborhood was usually
isolated to the instructor alone (hypophora) oingle IRF cycle where the initiation was

by the instructor asking a depth O question. Athenexamples above, in some few cases,
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a discourse neighborhood might be longer in time alated set of cycles of IRF (e.g.,
Disha asking about thesubstitution).

Instructors saw understand/make sense questiansvayg of checking-in on
students being attentive. For some students, sgdestion was an invitation to
intellectual engagement and a student might uspdhbsee in instructor speech occasioned
by asking “does that make sense” as an opporttmigk a question that had been on the
student’s mind for several minutes. So, the stus@mment or question might be about
something that happened imiferentdiscourse neighborhood than the one in which the
instructor asked the “does that make sense” guestio

Instructors saw “what is the next step” as a spemiitation for students to talk
about the mathematics being done. This IRF-protased prompt tended to produce
student response. The majority of the time, whetrurctors asked for the next step,
students responded with mathematical content-usaalthe small scale of an immediate
process in problem solving rather than an idea e®owverall strategy or approach.
Omar asked next step questions regularly and veam#tructor with the greatest
collection of deeper and higher questions. Evelympted for the next stegnd
developed a socio-mathematical norm in her clastsstie was the recorder for the entire
class. That is, the expectation was that studeatddispeak the steps, tell her what to do
as the next step in writing the solution to thelgbean on the board, and she would write
it. Most of the time she initiated the writing ofalution and turned to the class from
time to time for their direction on next step. LiEgelyn, in Nick’s class, it was more

common than in the other three instructors’ clagsestudents to stop the instructor and
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ask for clarification. In Disha, Omar, and Pramad&sses the students waited for the
instructor to pause and explicitly ask something.(enake sense or next step questions).

All the instructors used a “does that make senegXimilarly, “do you
understand?” type question. However, dependindnernstructor and context, the
discourse neighborhoods for these types of questided. In most cases, despite
differences in the discourse neighborhood, | catlede types of questions as depth 0
Comprehension Check. As indicated earlier, thie typquestion could be phrased many
ways, for example: “Do you see what I'm trying &y3”; “Are you following me?”; “Do
you have any questions on what | just did?”; “Yau @?”. In most cases, the students
gave no verbal response or responded with somedbgasture of action, such as a nod
or thumbs up.

Video Cases

Below, for each case, | give a description ofdase content and information on
how it went at the coordination meeting. The casevery reports provide detail on how
instructors engaged with, reacted to, and othereasemented on the cases at the
meetings. Where applicable, | have enhanced tred=ls/ery description with
additional participant responses/interactions notgdide of the particular coordination
meeting in which the video case was the topic. 3¢wtion closes with the results of data
analysis aimed at understanding instructors’ respaa the cases, including how they
say themselves implementing ideas related to the eaperiences. This will address

RQS3.
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Case 1: Facilitating Group work

Description of case contentThe first video case, Facilitating Group Work,swa
done on October 22, 2013. The case focused ondlgalas instructors as they
interacted with students working in small grouplse Tase is designed so that
participants can consider verbal and non-verbas ased by each instructor, to focus the
attention of the participants on the mathematickexrrcourage them to work together.
The video clips were shown three times, first vaitildio only, second with video only,
and third with both audio and video. Discussionggioas after watching the video clips
focused on what the instructors said or did tdlitate discussion, who was involved in
the discussion, and how the instructor might hawgedhings differently.

Description of case deliveryl prepared for the case by watching the video,
reviewing the handouts, and carefully reading taellkator’'s Guide. The guide stated
that the goal of the activity was to look for aratioe the things that teachers do and say.
It encourages the facilitator to not focus on whketbr not group work is good or bad, but
to keep the focus on the teacher’s words and actMile most of my participants were
open to the ideas presented in the video case s a brief discussion about how they
felt about group work. Evelyn and Pramod both iathd that they liked group work.
Nick indicated that he did not see how anyone hadime for group work. Omar and
Disha said they did not like group work becauseitably, one person ends up doing all
the work. | let them voice their opinions and thedirected to what the instructors were
doing, rather than the students working in grodjpss seemed to work well. Everyone
but Disha participated in the discussions and nampgcts of what the instructors did

were discussed. My participants noted that oneuntir talked directly to one student
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and the other instructor talked to the group asal&vand gestured to people not
speaking and asked them a direct question.

The discussion went quite well until the end of tberdination meeting. | had
noticed that throughout the coordination Dishabsak in her seat and remained quiet for
most of the hour. At the end of the hour, | askexigroup what they thought about the
verbal and non-verbal cues they had just witnesBeel.overall feedback was that they
thought it was interesting. Disha replied “I dolike group work.” This was the only
thing she said the entire coordination meetingltideflated, and said that | understood,
“but there’s a whole lot going on besides just grawork, don’t you think?” My
participants smiled and agreed. However, as lcefteback | felt | could have done a
better job setting up the case before they viewdeerhaps | could have turned the focus
away from the group work in the beginning and teeeryone could have focused on the
verbal and non-verbal cues as was intended. Howederthink most of the participants
positively benefited from the discussion.

Case 2: Office Hours

Description of case contentThe Office Hours case was done on November 5,
2015, two weeks after the first video case. DutheyOffice Hours case the participants
are asked to watch two different instructors int&érng with a student during office hours.
One instructor stands at the board and works dgmolvhile speaking with a seated
student. In the other, the instructor is in hisaafsitting at a table working with a seated
student. The participants are asked to notice theequisite knowledge of the students,
how the interactions are similar and different,sjions the instructors asked, and the

wait time of the instructors. The purpose of thag\aty is to develop an awareness of
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guestions to ask and pauses to take when workiagharone with students during office
hours. An affordance of office hours, accordingh® case, is the chance to probe student
thinking.

Description of case deliveryl prepared for this case by watching the video
several times and trying to anticipate the paréioig’ responses. Originally, | was not
very excited about this case. | did not feel it wasstrong as some of the other cases.
When | began the activity | started by handingtbetparticipant worksheets and a
transcript of the videos we were about to watcle participants immediately began to
read the transcripts. As it turned out, this wagead thing. The second video was
inadvertently edited and the beginning minute watsshown to participants. However,
since they had read the transcript prior to watghine video they followed along very
well and even had comments about the parts ofittemwthey did not see. Strangely, we
all felt we had seen that part of the video andtitirealize we had not actually viewed it
until | replayed the video.

| was pleasantly surprised by the participantsttieas to the video case. They
spoke at great length about the professor whotshedable working with the student.
They were all impressed with his wait time wheniaglquestions. Nick mentioned this
in his weekly log and said he tried to mimic whatdaw that professor do. Disha also
mentioned to me that, while she was in office hpsine had been trying to use longer
wait times with the students as well. Evelyn meameit that she tried to let the students do
the work in her office hours rather than doingwwek for them, as the instructors in the
video had done. Pramod and Omar also remarked #imutstructor’s patience with the

student and how they had tried to be more patiétht their students. All the instructors
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mentioned in their weekly logs, interviews, ormfiarmal conversations how impressed
they were with the instructor, who was sitting witle student, and his wait time. This
video case seemed to have the greatest impaceanginuctors.

Case 3: Angelica’s Case

Description of case contentThe third case was done on November 18, 2013.
Angelica’s Case is about a group of students dsogsantiderivative problems. The
focus of this case is to listen to the studentswardterstand what they are saying. The
participants are asked to pay attention to theiteiogy the students are using. The
frequent use of the word “it” is discussed.

Description of case deliveryl was initially very anxious about doing this eab
felt it was a good case and there were many goodsydut it showed students working
in a group. Knowing Disha’s earlier response taugravork, | was very uncomfortable
about showing participants this case. | made tiatm@t the beginning of the session to
say that even though the students were workingaoms, group work was not the focus
of this case. The focus of the case was the studerking and how they were talking
about the problems. The atmosphere in the roomeg&@tter with this case than the
first case and everyone contributed to the disoussi
Case 4: Grades Case

Description of case conten The fourth and final video case was done on
December 3, 2013. The Grades Case is a seriestofgtors talking about how they
make decisions about giving grades. The case bagihs round table discussion of
several instructors talking about grades and tlestipn of mercy grades comes up. After

the discussion, the case offers video of intervieith several professors where each
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discusses personal views on giving grades and grhdes mean. The point of this case
is to spark discussions about grading, giving gsadad what grades mean.

Description of case deliveryl prepared for this case as | had done the pusvio
cases. | watched the video several times and timi@dticipate my participants’
responses. | did not feel prepared for this casaumse | could not anticipate how my
participants would respond. However, the case wernyt well.

The discussion turned very quickly from what grachesn to the idea of mercy
grades. Nick especially felt that it was importambe firm with giving grades. He felt
that, by giving someone a higher grade than thelydaaned, it made other people’s
grades or degrees less valuable. The majorityeop#iticipants seemed to agree and they
came down hard on the side of absolutes, and noymEnen, as in the case, a cautious
word was offered to challenge the “no mercy” apphod@ramod was the exception. He
referenced the idea of unusual, extenuating, cistantes illustrated in the case and said
“there are some things going on in people’s livex thake it appropriate to round a 69.4
to a C.” He was the instructor who just had a b&hgha mentioned this discussion in
her weekly logs and noted that she was going te bathink more about how she made
grading decisions. Overall, | was very pleased itk case and the discussion.

Across the Cases

Across the study, the participants indicated thatvideo cases influenced their
thinking about teaching. For each instructor, tb&hle aspect of a case differed. Nick
believed that the coordination sessions helpedthink more about wait time but also

stated that he was already aware of his wait time.
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Nick: So, | was aware that that's the thing you shoulbudd think that that
session reminds you of it. So, | think that anyrgeawould be one of
more | more often do that, to wait longer. | thiniill did that to an extent
before but | wouldn't think about it as much arsl htabit just to keep
moving. So, | think the change would be not neadgdhat something
new happened but that something better happenmraregular basis.
(interview 3)

Omar was also cautious about his thoughts on thescaVhen asked if he thought
the way he asked questions had changed over thesssmhe responded “They’re more
slow and delayed. I think that's the biggest thimgn even think of” (interview 3). | also
asked if he thought how he responded to studentstaged the same or did he do things

differently over the course of the semester. Hparded:

Omar: Not consciously because -- well, when I'm answeahthat particular
point, | don’t- I'm not thinking about, oh, we disss this in coordination,
maybe | should answer. It mostly comes out dire®&lyt, yeah, like the
small things have, | guess, a subconscious etféet.when | started
delaying my answer, | did not plan that, but ingiout that way. | guess
to have a subconscious effect, but apart from thean't really recall.
(interview 3)

Disha was very reflective when talking about hacteng, the cases, and
coordination meetings. She recalled the Office idamase and talked about how it made
her think more about what she did in class.

Disha: Then, the instructor started with ‘Okay, let’s galie basics of
derivatives. What is-what do you do when you hawa sf functions.
What do you do?’ | think what | liked the most whe way he-as soon as
he gauged the student’s ability, he got down tdolcs and he started
asking questions at which point-which started pogmhim towards the
right direction... That's what | liked the most abdliat, breaking down
rules so that the problem didn’t seem really hunowsgo the student.
(interview 3)

Disha also noted that the coordination meetinggdteher think more about her

teaching. “So, for example, | sat through that vidession that you put and then it made
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me go back and think about stuff’ (Disha, intervig)yShe went on to say that she
would often go to other instructors teaching Calsubr Biological Sciences and discuss
her thoughts or ideas. She concluded by sayingyameraction makes me think about
what | am doing” (interview 3). In Disha’s classbis thoughtfulness was evident. As the
semester progressed, she gave the students merétemswer questions and, as she
mentioned, broke the problems down into “smallexttg.

Similarly, Pramod was reflective about his teachidg often spoke up in
coordination and voiced opinions that differed fridmase of the other instructors. When
asked if he felt his questions had changed singambing the coordination efforts he
responded,

Pramod:|1 think, that is a good question actually. | thirtls been a learning
process for me also. | am sure all the othersialte study are with you.
| think, | have become little more conscious oéttiiing [asking
guestions] and you know, | am now, little, | amrigglittle more conscious
in trying to ask more questions than probably wiveas doing. And you
know, being conscious | sometimes when |, evengreg for the lecture,
| visualize a few questions I'll ask, so, whichs@mething that wasn’t
happening earlier. (interview 3)

Pramod continued his reflection on his teachingrgay

Pramod:| think, a conscious investment, if you like, im@king this change of,
you know, of improving my interactions and stufthink | feel more of a,
| don’t know, | feel better, | feel better about se¥f. . . . | feel more of a
real teacher now [laughs]. (interview 3)

Evelyn felt the coordination meetings had influethber teaching, but sheas

unsure how. When asked if she felt the way sheorefgd to students had changed she

said,
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Evelyn:Yes, but I'm not quite sure tangibly how. | do leek in reflective
teaching because this is what they teach you bathei [previous
university]. The only thing that you can really olga is yourself, your
reaction to the students. You can’t change themy&woalways reflect on
it, but it would be hard to put my finger on itkkhow this semester, | have
tried to keep up my energy levels for the entiraester, because | know,
the previous semesters, there’s often been a stundjit’s often because
I've been doing courses as well at the same tinde’'anexhausted.
(interview 3)

All the instructors stated that on some level therdination meetings did make
them think more about their teaching. However,rtherceptions of “thinking” varied.
Additionally, all the instructors asked fewer Hyopa after the first observation.

Math Talk Level

Each instructor had observations coded as Math [Eaid O and level 1 at some
point during the observations. As noted in Chapitemy live observation protocol
allowed me to identify the Math Talk level for ast meeting, so | have that information
for every one of the classes | visited (6 for easlructor). Table 21 summarizes these
data, with the most common Math Talk level as |&eDnly Nick and Omar’s first
observations were primarily in the Math Talk letatategory. The question categories,

along with the question depth, allowed me to exantive more subtle details of asking

guestions that might help in progressing throughMath Talk levels.
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Table 21

Math Talk Levels by Instructor Per Day

Nick Disha Omar Pramod Evelyn
Observation 1 1 0 1 0 0
Observation 2 0 0 0 0 1
Observation 3 0 0 0 0 0
Observation 4 1 0 0 0 1
Observation 5 0 1 1 0 1
Observation 6 0 0 1 1 0

The first observation canteeforeany use of video cases. Reading down Table
21, notice that after video case use began, eattuator had at least one class meeting
coded as level 1. Nick, Disha, and Pramod hadgnstof their subsequent observations
at coded level 1, Omar had two, and Evelyn thrdevat 1.

Summary

Recalling the framework of the study depicted asobile from Chapter Il, | have
gathered data about TA beliefs and experiencesgaestioning practices of each of the
five participating instructors. The following illtrates where various aspects from each
teacher “fit” into the mobile. As each instructo€sperience was different, they each
have different mobiles. Anything that dangles frQuestion Depth is about the
instructor's role when working with students whe aegotiating the cognitive demand in
a problem situation. For example, Disha's commentthe instructor in the Office Hours
case focused on the scaffolding that the casauctsirdid while Nick's attention, and

later "mimicking" was about the patience the casgructor displayed in working with
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the student. Evelyn said she already did whatrtk&uctor did, having the students do
work while she observed. Like Nick, Pramod and Oreararked on their efforts to be
more patient.

Figure 21 is a visual for Nick. After course coaration efforts, Nick mentioned
he believed things in his teaching had changedaysvdepicted in the mobile. However,
he also stated that he was unsure how they chaA@fadugh his beliefs may have been
perturbed as wind does a mobile, his practicendicappear to move significantly
during the study.

After Nick’s first observation he asked probing gtiens in the second
observation (4% in Observation B), but this practi@s not sustained. In his interviews
and logs he referred to the importance of stud@mgagement” in class, noting
“connection” among ideas (e.g., context of biolegygl mathematical representation) and
“usefulness” as drivers of his communication efort the classroom as he worked to get
students “doing math.” Also, for Nick, the categsrof questions he asked were content-
based and aimed at students “making sense of thaingg and good “interpretation” of
mathematics. He had a change in the depth of qunsstisked from Observation A to
Observation B, but returned to similar levels bys@tvation D. Initial change is
illustrated in the figure with additional hangingges. These pieces would be sites
driving additional “movement” in the mobile. Thikange did not persist throughout all

the observations and the number fluctuated throutgth@ four focus classes.
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Figure 22 illustrates Disha’s changes in her goastand beliefs. Disha had a
decrease in hypophora. Her use of Elicit Thinkingsiions varied, and by the end of the
study she had attempted to ask probing questidresgioup work case brought to the
foreground, again, the aspects of Disha viewsdaser and as teacher) that the
individual was important and group work not valu€tis is represented in her respective
framework diagrams in the disks "individual" undex Learner and As Teacher. For
Disha, in particular, that individual activity ihé classroom needs to be active
engagement through "thinking." | am not sure hogvghades case pushed on Disha's
belief system, though | asked her to elaborate eilwiess, it was clear that she "had to
think about it" and that the need to think wasspomse to the case.

Disha also stated in her interviews that the videses influenced her teaching
decisions, specifically with scaffolding the maadifor students. She stated in her third
interview that she believed that breaking thinganléinto smaller pieces” for students,
as was her perception of what occurred during aosichse, was a better instructional
practice and one she intended to continue to etiliz

Similar to Disha, Omar’s view that one learns indiizally was made evident by
the group work case. Different from Disha, Omaiéwad that an individual could
benefit from another who was more of an experts Threpresented in their respective
framework diagrams in the disks "individual" undex Learner and As Teacher (Figure
23). Omar also has a disk under As Learner to septethe expert help one could benefit

from.
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Represented in Figure 24, Pramod frequently meation his interviews and
weekly logs that he felt questions could engagesthdents and lead to a deeper
understanding of the material. He also felt thaaibling different questions he could
further engage the students to participate andhklase the student responses to assess
the understanding in the room. Pramod believeddiuatents learn when they are
actively engaged.

Evelyn believed that a teacher needed to be engimgrand she expressed that
she was trying to be more patient with her studéagshe perceived the instructor in the
Grades Case). Evelyn said activities helped engagkents and focus their attention on
the mathematics. She primarily used questions ¢p ktudents involved in the class and
to assess the understanding of the students. \tHieilypes of questions Evelyn asked
fluctuated across the study, and her comments staghéhis was an area she paid
attention to, the distribution of her question dspivas similar across the observations.
This absence of observable influence or changepiesented in the absence of any disk

below “Question Depth” in the mobile (Figure 25 tvelyn.
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The main results of the qualitative work are th&adked profiles of novice
instructors, an investigation of whether final exantourse grades would be sensitive to
the kinds of changes in instruction that noviceghhimplement when participating in
video case-based professional development, andieaaom of novice instructor’s
experiences of video case-based professional dawelot. In the next chapter | discuss
how these results address the target researchiapgeand connect this dissertation work

to the literature and future work.

€97
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CHAPTER V
DISCUSSION AND CONCLUSIONS
Discussion of Results

The goals of this dissertation project were to exahow novice calculus
teachers use questions in their classrooms, hosethoestions and their use might
change after video case based course coordinatoihwhat evidence of influence on
student learning might be seen in student achiemertreparticular, this research adds to
the existing body of research by focusing on ong tealicit student ideas--by asking
guestions--and how professional development migtitifate asking questions as a way
to learn about student thinking.

To examine questions, context must be consideradstipns, void of context,
can have very different meanings (Sorto et al. 9200he work reported here addressed
this issue of context, considering each questi@hthe surrounding discourse
neighborhood in coding. In cross-instructor comgxans it was clear that there were
common discourse patterns common to the particspataited to two types of questions
(i.e., “Does that make sense?” and “What'’s the seqh?”). Also clear was that each
participant had unique discourse patterns as Wwedlvery case, when participating TAs
talked about their teaching, they aspired to becgiffe while also worrying that they
were not sure how tdo the effective thing at the right moment.

As noted several times, participating TAs wereswt of the value of

understanding what students are thinking. Yetptmticipants also reported a greater

791
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sense of connection with students when their goestgot student responses. Somewhere
in the midst of their uncertainty, TAs were surattbommunication with students was an
important aspect of effective teaching. For moghefparticipants, especially the most
novice teachers of calculus, instructional perspeston student thinking were just
emerging and the video case activities were thepghtoking for them.

As noted at the outset, in Chapter I, my aim wasaon more about how we use
guestions in teaching college mathematics. In Glrdptin creating the initial model in
Figure 6 (p. 41), | argued that an important cttiion to the literature could be made by
focusing on novice perspectives in the strand(pgdding from the “Questions” disk.
Because of the existing but sparse research redhdist college teacher development, in
that initial model (Figure 6) I included TA belied®id experiences as part of the
balancing act of learning about teaching. The teflobservations, interviews, logs,
and coordination meetings in Chapter IV support tiheusion. It was clear that working
with video cases led to TAs to “having to think abi [teaching and learning]” as Disha
said. Also, to contribute to the literature andpghtuture research, my close examination
of questions and their neighborhoods was an irgeatieffort to uncover what the nature
of questions and question strategies were for paditipant (RQ2) while seeking to
learn what similarities in question-based discoy@erns might exist across novice
instructors (RQ1). The research questions at theecef this work were:

RQ1 What is the nature of novice calculus instrigtdiscourse patterns
surrounding questions they ask?

RQ2 What is the nature of questions and changeestgpning strategies within
a semester during classroom discourse by thesechsts?

RQ3 How does video case based professional developshape perceptions
and intentions about the role of questions in tewrheld by TAs?
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RQ4 Does professional development that includesovchse materials hold
promise as a way to improve the learning of collegleulus students?

Research Question 1

What is the nature of novice calculus instructdistourse patterns surrounding
guestions they ask?

For this study, discourse pattern referred to #gailarly recurring questions and
discourse neighborhoods that were characteristiarionstructor. Two main results
related to Research Question 1 emerged from ttze O@at the large scale, all the TAs
tended to follow the teacher initiated-respondeaup (IRF) pattern, focused on
evaluating and fixing student responses. Thesdtsagilect and extend to the college
level the K-12 research literature, which has destrated that novice teachers begin
with evaluative IRF practices (Groth, 2013; Mehb®79; Truxaw & Defranco, 2008). At
the same time, the general nature of discoursadh elass was as unique as the
instructor. Chapter IV also gave results on thelemalassroom scale, that TAs had
their own ways of enacting some shared discourgerpa, in particular around questions
like “Do you understand?” and “What is the nexpSte

General Discourse Patterns for
Instructors

As noted in Chapter IV, the profile titles epitomazthe general classroom
communication patterns for each person. Nick watltednathematics to be meaningful
to the students and for the students to be abieatee sense of what they were doing.
Disha used hypophora extensively, posing and tmenediately answering her own
guestions. Omar wanted the students to be exditedtahe mathematics and see the

“coolness” of it. Pramod asked some questionsyttotengage students in a
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mathematical conversation, seeking to elicit whatstudents were thinking, but the
students rarely answered his questions. Evelynwaged students to explain their
thinking to each other and followed up to make stuelents understood the explanation.
These general discourse patterns are not chasdicteri every question asked by the
individual instructors, but each was a repeated tvage particular instructors used
guestions.
Question-centered Discourse
Patterns Common across
Instructors

Two common discourse patterns surrounding “Do yadeustand?” types of
guestions emerged from the data. In one case, djaity of student response to this
type of question was either no response, a shdoal/eesponse (e.g., “yes”) or brief
visual or gestural response (e.g., thumbs-up o}, medicating that they understood. As
indicated in their respective mobiles in Chapterif/what instructors reported, such a
depth O question was aimed at “student involvem@\ittk, Pramod) and had the
purpose to “assess understanding” (Evelyn, Prangidjilar to the first, the second
pattern also happened when an instructor explan@cedure or problem. However, in
this second pattereyclesof questions and answers occurred: students resgdnd
asking for explanation of some part of the probtbat had just been presented (or, less
common, they might ask for explanation of some odspect of the mathematics
presented that day); this was followed by an irstnuanswering and then again asking if
students understood, repeating the pattern untlesits expressed that they understood.
In the classes observed for this study, this csalely repeated more than two times.

Participants interview and log comments, represehtieeir respective mobiles in
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Chapter IV, indicated that TAs felt these interaics helped with making “meaning”
(Nick, Omar) and “student involvement “ (Pramod)'@ngagement” (Omar, Evelyn).
Like the practices of secondary teachers in Truaad/DeFranco (2008), these
instructor-student interactions were “univocal” igeying meaning) in nature rather than
“dialogic” (constructing meaninthroughdialogue). Skovsmose (2014) suggested that
interactions that are dialogic in nature, versusagal, are more powerful in contributing
to conceptual understanding. Univocal interactiocsurred in every observed class
period with every instructor in this study both d&f and after their participation in video
case activities. Another common discourse pattererged in response to asking for the
next step in a problem. Like the “make sense?’epast “next step” questions were
procedural in nature and involved IRF interactidowever, most “next step” prompts
were product-eliciting rather than yes/no choi¢&sticipants used them to “engage”
(Omar) students as part of “breaking things int@ken pieces” (Disha) and as an
opportunity to ask students to do the work of “iptetation” (Nick) about why to do a
step or at the end of a problem to “make senskeoirteaning” (Nick) of the result.
Research suggests that much of students’ secoadaopl experience in
mathematics is driven by teachers asking choicepapdiuct focused queries (Stigler &
Hiebert, 2004; Wood, 1994) his study found similar patterns among the paéting
instructors. Moreover, in Pramod’s case we sawnatructor attempting deeper questions
with limited success in getting student respoRseliminary research in this area in
college mathematics has noted that in additioheadifficulty teachers face in adding

deeper questions to instruction, it can be quitdlehging to students to learn to
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participate in IRF interactions that go beyond ckand product questions (Nickerson &
Bowers, 2008).

Like early career teachers in K-12 settings, thag®instructors in this study
focused on the correctness of student responseth(&@013; Mehan, 1979; Truxaw &
Defranco, 2008). In the observations before tre fideo case, it was common for
instructors to give little attention (if any) tocorrect answers. In Disha’s first
observation, when an incorrect answer was givemwsdited, without acknowledging the
incorrect answer, until someone answered the aqurestrrectly. Nick, Omar, and
Pramod responded to incorrect answers by askiaigyibne else had a solution. In all
four of these instructors’ classes, if the instouctid not receive the correct answer, they
explained the answer themselves and asked a guéikep“Did you get that?” In later
observations, after the video cases had becomefpewtrse coordination, instructors
gave more attention to incorrect answers. Nonessela later observations, whenever
instructors asked questions that elicited or prahetking, the IRF interaction still
included evaluation for correctness. For exampl&velyn’s Observation C, she wrote a
rational function on the board and asked the Elibinking question, “What do you first
notice about this?” Some students responded bygédlyat there were numbers that
would cause the denominator to be equal to zerelyRis follow-up was evaluative:
“Good job!”

In the case of Nick, after two video case actigifféacilitating Group Workand
Office Hour3, his questions around incorrect solutions alsted how students arrived
at those solutions. When introducing differentigiations, Nick spent almost an entire

class period letting the students conjecture abotitlerivatives. He allowed the students



170

to make suggestions and explored those suggestiaietail. While Nick did explore
incorrect solutions, he mentioned to the studdrassometimes working things out
incorrectly helps you learn how to do it correctp, even though he explored the
incorrect solution, his follow-ups still focused an evaluation of the student responses.

By comparison, after the second video case, in @b8ens C and D, Disha had
more questions exploring incorrect solutions adld¥oups that left open the question of
evaluation through several IRF turns. When intragigiontegration by parts, she worked
problems following suggestions elicited from thedgints to find antiderivatives. In this
back-and-forth IRF cycling with students, she akolvtheir suggestions to run to the
logical, and invalid, result. She ultimately usbdde incorrect consequences to
demonstrate that another method, integration big pars needed to find some
antiderivatives. Thus, the discourse surroundirgairestions asked was more complex.
As noted above, an IRF interaction can be univ@m@atveying meaning) or dialogic
(constructing meaning), this one example from Dshkkass had follow-up (the F in IRF)
that was supportive of sense-making and, at theeraduative.

The process of developing awareness and respoesiyén others’ ways of
thinking is quite challenging (Belnap & Withers,(0 Parker, Bartell, & Novak, 2014).
Research on novice teacher development has docedhtat early career teachers rely
first on their own ways of thinking (Kung, 2010hd instructors in this study
demonstrated a similar approach while also givimges evidence of exploring student
thinking, through their occasional use of Elicitiffking and Probe Thinking questions.

In observations of the instructors after their jggoaition in two or more video case
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activities, more discourse neighborhoods inclusetirect answers and how the
students arrived at those answers.

Though at an early stage, some reflection on ingtm was emerging for the
novice instructors in this study. After video casgivities, each instructor talked about
their own views of teaching and how they were lgaymas instructors. However, they did
not talk much about questions. Recall that non@efideo cases in the study directly
addressed questions and questioning. In fact, Rtamas the only one to specifically talk
about questions, noting in interview 3 that wherphepared for teaching he tried to
imagine types of questions he might ask. And, @tgdents shared their thinking by
responding to a question, the participating TAsnstlittle evidence that they knew
how to use the student response. In most casemdtinector responded with “good job,”
or “that’s close, but could we try...” Once a studsired their thinking, the immediate
IRF pattern tended to be short and evaluative gye® or here's how we fix your
thinking).

Research Question 2

What is the nature of questions and change in oqumsg strategies within a
semester during classroom discourse by these abists?

The major results related to Research Questioe thardetailed participant
profiles, which discuss the participants’ quesstnategies, perceptions of questions, and
beliefs about learning. By understanding the irdliail instructors’ views about learning,
and perceptions of questions, it is possible toahbut transferability to other instructors
with similar views, perceptions, or cultural baakgnds. The results in Chapter IV and
the small case reports presented below are twosfofrqualitative research result. The

large and small individual cases and associatezbsarase summaries are a way to
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extend the K-12 research literature by providirt wescriptions of question categories
and depths and related Math Talk levels.
Nick

Nick explained that after the video case activis&ested he felt he allowed
students more time to answer questions. He notdchthjust waited for students to
answer, rather than giving them answers even i€hd&e had waited a long time. On one
occasion, when students were not answering a gueséi had posed, he remarked to the
class, “I can wait all day.” | also observed Niclpkring students’ incorrect answers
more often after the first two video case coordorasessions.
Disha

The most notable change in Disha’s questioningrtiecies was a change in her
use of Hypophora, 25 (25%) in her first observatioefore video case activities) and 12
(11%) in her final observation (after four videses). Disha was impressed with the
“wait time” of one of the instructors in the secondeo case shown during coordination
(Office Hourg. Rather than being patient, she seemed to rflstéwait time” to
“breaking things into smaller pieces” or scaffolglime information. After this case,
Disha, declared her intention to give more timestoidents to answer questions. | also
saw Disha giving the students more time to answestipns. In Observation A, if Disha
asked a question that could be considered an Ehaitking or Probing question, she
would immediately answer, making the question adityra. However, after course
coordination efforts, she gave time for studentsrtewer questions. She stated in her
final interview how impressed she was with therinstor observed in th@ffice Hour

video case and that she used his methods of “brgakings into smaller pieces” and
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waiting for an answer, while working with studedtging office hours. At the same
time, she rejected the idea that this video caaegdd her classroom teaching in any
way.

Kung (2010) observed that one way TAs learned astmatent thinking was
through interacting with students watching themkymoblems and listening to them
discuss mathematical content, as one would duffingedhours. It is possible that Disha
gained an understanding of student thinking whleffice hours that translated to her
classroom instruction. The influence of the vidaseemay have been indirect: as a
moderator of her perception of her own office hexgperiences, which were in turn a
moderator of her classroom practice. Similar tokNiZisha also spent more time
exploring incorrect answers with students and iseovations after video case activity
began, asked questions of a greater depth. By exglmcorrect answers and asking
deeper questions, it is likely that Disha was gagrfurther insight into student thinking
(Ball, 1997; Carpenter & Fennema, 1992; Fennenah £1996).

Omar

Unlike the other instructors, Omar’s questioninghtaques in most observations
included Probe and Elicit Thinking questions. Like other instructors, he relied heavily
on Comprehension Check questions; with the excemtidbservation B, the percentage
of these questions was similar across observedries®mar included mathematical
content that was not required for the course, beEdwas “just cool” and he thought at
least some of the students would like it. Omar awmaare of cultural differences and often
spoke to me about how the culture of the mathematassrooms in Pakistan differed

from the culture of the mathematics classroom&iénUnited States. Omar wanted his
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classes to be less formal than the classes heatahk undergraduate in Pakistan. He said
he wanted the students to feel like they couldoasdstions during class because he
thought this helped in learning the material.

Similar to the participants in Kung's (2010) stu@mar noted that when he
prepared for class he thought about how he madees#rthe mathematics but also noted
that this did not always work. Omar was hesitardremlit any of the video case activities
or course coordination discussions to changessitelaiching but also said that he liked
the videos and they often made him think aboutéashing.

Pramod

Pramod used Elicit Thinking questions and his Cahension Check questions
were at a higher depth after the after the first Wdeo case coordination sessions
(Facilitating Group WorkandOffice Hourg. Although Pramod asked a variety of
guestions during his classes, the students sometiidenot respond. In these situations,
Pramod would pose a question and wait, usuallyraégseconds, for a response. If no
one responded, he might try to reword the questiagay “Does anyone have a
suggestion?” If he still received no response, themvould say “Well, let’s find out,” or
something similar. It is possible that the questiBnamod asked were not accessible to
the students. Van Zee and Minstrell (1997) repooted type of questioning technique
called areflective tossThe instructor, Minstrell, described this procasscatching”
what the students said and then “throwing” a qoestiack to the students. He claimed
that by doing this the responsibility for learnmgs given to the students. When students
do not respond to questions asked, it could betfigastudents do not see a responsibility

for their learning. Pramod'’s situation, of dealimigh silence from students in response to
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guestions leads me to wonder about an interestifmaf-up study: were there any
patterns in when the students responded to Pranwbd/hen they did not?
Evelyn

The most experienced instructor, Evelyn had thstleaount of variation in
guestion categories and depths during the studs.mdst notable change was that she
had fewer Hypophora in the observations after tdeoscase activities started. Evelyn’s
most common questions were “do you understand’stgbeguestions. It was common for
Evelyn to explain a problem or concept and then tarthe class and ask, “Are you
getting this?” She would not move on until she ne®@ some sort of verbal or non-
verbal indication from the students that they ustterd. Evelyn was more likely to direct
the students to tell her something, rather tharttaslstudents a question (e.g., “Tell me
why you think that.”). Evelyn was the only instractvith a teaching certificate. She was
often reflective about her teaching and said thewicase activities confirmed for her
what she already thought about teaching. She saiddtisions about what she did in
class were often intentional. It may be that haining as a teacher influenced her
decisions to instruct students to respond ratheer th ask questions.
Across Instructors

In summary, the group as a whole asked fewer Hyp@plsome instructors asked
Probe Thinking questions, and deeper questions mwere common, for Nick, Disha,
Omar, and Pramod, after the video case activite®wtroduced than in the initial, pre-
case observations (e.g., Chapter IV, Figures 1113317). All the participants noted in

one or more post-case interviews that they fely there either giving the students more
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time to answer questions or they were trying t6dagient” and let the students answer
the questions rather than giving them the answers.

Connecting to and Extending the
Existing Research Literature

Mehan (1979) identified four types of questionsd@ter IV, Figure 4): choices,
products, processes, and metaprocesses. Choicesamtutts are evaluative in nature
while processes and metaprocesses are elicitingture. The questions | witnessed in
this study fell largely into the evaluative categdn particular, only the Elicit Thinking
and Probe Thinking questions fall into the eligtirategory. This research expands
Mehan’s work to the context of college mathemafldee instructors in this study started
with IRF patterns that were largely evaluative and/ocal, and after one or more video
case activities, demonstrated some IRF patternsritiaded questions of greater depth,
but were not necessarily eliciting or dialogic sture. By including the concept of
guestion depththe framework used in this dissertation studgeds Mehan’s framework
and offers language to discuss nuances of the ttegiemand of questions (i.e., the
descriptions of question depth in Chapter II, F&g8).

The Math Talk framework (Hufferd-Ackles et al., 2Q0thas been enriched with
this dissertation research. Hufferd-Ackles andeaajues provide a way to examine
classroom discourse, but their framework does apture the subtleties of questions
within the classroom. For example, Evelyn primaasked Comprehension Check
guestions and rarely asked Elicit Thinking or Pngbguestions, however, she had three
Math Talk level 1 classroom days. Looking at oty Math Talk levels one might
conjecture that Evelyn asked deeper questionsapistie asked more Elicit Thinking or

Probing questions than other instructors who haetfdevel 1 days. This was not the



177

case. By attending to both question depth and tlestapn categories, we find that her
guestion uses were similar to other instructorsy\Vghhat the case? A socio-
mathematical norm that was distinct from the othesre novice TAs seemed to exist in
Evelyn’s class. Rather than ask the students vilegtwere thinking, she would instruct
the students to tell her what they were thinkingr Btudents often answered each other’s
guestions rather than waiting for Evelyn answeelfav encouraged this behavior. That
is, she appealed to other pedagogical skills ifMhath Talk framework besides
guestioning (sharing ownership of mathematicalsgeammunicating a joint
responsibility for learning, and valuing explanasoof thinking). Her training as a
teacher meant she had these in her professiorilabtadl' he other instructors did not. By
combining the details of the questions model usd tvith the Math Talk framework, a
clearer picture emerges of the ways questions @eqti@n to them in professional
development may be particularly important for mathécally trained novice instructors.
Math Talk skills are all valuable, but not everytheanatics graduate student has the
pedagogical training that Evelyn did. Questions quelstioning are foundational to the
culture of post-secondary mathematics teachingo@éme focus of this study) while the
other aspects of Math Talk are not. This opensltoe to wondering how the other Math
Talk skills might be developed among novice collegghematics instructors who work
in the question-answer focus of the post-secongatyematics environment.

Research Question 3

How does video case based professional developshape perceptions and
intentions about the role of questions in teachielgl by TAs?

The major results related to Research Questioe at each of the TAs reported

video cases made them think about their teachidglaa thinking was evident in
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instructors’ discussion of their teaching and ia tliscourse in their classes. How this

thinking influenced the instructors varied.

Obsl < Obs 2 Obs3 Obs4 = Obs 5 o Obs 6
Nick A& 2 B 2 _C 2_0D
Disha A_ 2% B 2 o C 2 D
Omar A &= B 8 L C g D
Pramod A_ S B_© S C 6 _ D
Evelyn A Y B < C D

Figure 26 Spacing of Observations and Video Cases.

As a reminder, Figure 26 shows the spacing of casd®bservations. For
example, the distribution of depths of Nick’'s qu@ss$ after the first video case was quite
different from the first, pre-video case, obsematfFigure 12) whereas the variation for
Disha was in question categories--with far fewgudphora per class after the video case
activities began (Figure 13) and for Pramod sinfafyfewer question after the video case
work than before (Figure 18). The evidence of usefss of video cases for enriching
learning from one’s teaching experience extendsgkau(2010) research by providing
another way for TAs to build their understandingstefdent thinking and instructional
practice. The video cases provide a venue for DAssten to and observe students and
instructors talking about mathematics. All the instors in this dissertation study
expressed similar views to Borko et al.’s (2008}ipgants who said that observing
video clips of colleagues teaching gave them a@hamreflect upon their own teaching.
Echoing a similar view, each of the instructorshis dissertation study expressed the
view that the video case based activities causem tio “think about” or “reflect on”

their teaching.
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Evelyn remarked on the importance of being “patiand Nick, Disha, Omar,
and Pramod acknowledged that waiting was somethieygghad not considered much
previously in their teaching, but it was an intéiresaspect to consider in their teacher-
student interactions. Disha, rather than assogatiiting with patience (as Nick, Omar,
Pramod, and Evelyn did), said paying attentionre@king down problems and waiting
for students to respond was something she didrioffiee hours, and, though not a focus
of this research, | observed an increase in wafongesponse (evident in fewer
hypophora) in her teaching. Both Nick and Omar cemtad on being “patient” and
Pramod on the importance of waiting for studentthiiok about hard (deeper) questions.
Wait time is an important area for more researchdevelopment at the college level.
The K-12 research already indicates it can conteibo student learning by allowing
learners time to organize their ideas and adjust thinking about a topic (Huck, 2008).

Omar commented that the cases made him think dttaching, more broadly.
When asked if he thought his questioning had chéynge commented that his questions
were more slowed and delayed. When pressed fuathaart whether he thought he did
things differently, he was cautious in his respostagéing that he did start delaying his
answers, and waiting for the students to respouidthat was not something he planned.
He said the video case activities may have hadlactscious” effect.

Pramod noted in his weekly logs that “preparingsgjioas to ask while teaching
has helped me teach better.” He also stated thatiheontinue to involve students in
class by encouraging them to ask questions.” Brevidence of Pramod'’s belief that

guestions can “engage” students, including questibat students ask him.
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Nick also felt the video case activities in coucserdination had influenced him
to be more patient with the students, allowing thertake their time to “figure out” what
is happening in answering questions. He statedsiwbekly logs, “I forced them (as a
class) to come up with answers to problems theuldraready know; there was a
moment where we had 10 seconds of silence, buttivated them to actually figure out
the problem on the board.” He credited video casekkwy stating that he did allow
students time to answer questions before video @asese coordination efforts, but that
coordination caused this to happen more often. Miewed this as a positive change in
his teaching.

Evelyn expressed that she enjoyed the coordinatieetings and liked discussing
different aspects of teaching. She said that tleedteation meetings made her think
more about what she did in class. In her weeklyslog stated the she used an idea from
coordination by trying “to be more patient to dthg ideas out of the students asking
guestions of me” rather than answering herself.

Four of the five the instructors believed that theyl an increase in their attention
to being patient or waiting and they connectedtiithe video vignettes (all but Disha).
In this limited sense, the video case based coatidim may have spurred at least some of
the instructors to be more intentional about raidluative response or filling in of
silence when asking questions. Their percepti@mfseeing waiting by an instructor
play out in the video case, was that allowing stislétime to think” about “smaller
pieces” and letting students answer a questiongpesed to answering a question
themselves) was “more engaging” and, accordingamBd at least, a better instructional

practice. Some participants also noted overtly tth@tvideo case course coordination
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caused them to think more about their teachingimgsguestions and waiting for student
responses is a way of interacting with studenteracting with students, and thinking
about, reflecting on and discussing their teaclengincrease an instructor’'s PCK,
particularly through attention to student thinkiegd planning for the time needed for
teaching (Kung, 2010; Kung & Speer, 2009; Speer &wer, 2009).

Research Question 4

Does professional development that includes videse enaterials hold promise as
a way to improve the learning of college calculuglents?

The purpose of Research Question 4 was to exptisgilie connections between
student achievement and questions asked in therot@s. Given the short duration of
the study and small sample size for number of iestirs and number of observations,
statistically significant results would have beearpsising. However, the data detailed in
previous sections indicates that the video casedoastivities may have contributed to
change in the instructors’ questioning strategres@atterns, albeit in small ways, by
pushing them to think about and reflect on the& owaiting and attention to student
thinking. There is no work at the college leveltba boost to student learning arising
from teacher professional development when it idetuattention student thinking as
there is in the K-12 literature (e.g., CarpentefFéanema, 1992; Fennema et al., 1996;
Peterson et al., 1989). Future studies could larnlthe K-12 work and theoretical model
from this study and examine in more detail how etud perform on different types of
exam questions as well as comparing mean scorgsaénts in the classes of novice
instructors involved in video case based coordamatiersus a control group.

In a second comparison, of grade distributions ftbensemester of study to the

previous Fall semester, no significant differeneese found. As noted in Chapter IV, the
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rigid constraints on common exams, scoring, and@dwg of grades at the university
where the study took place was designed to enguiklaisgrade distributions each
semester. Each semester the grades were “curvdifi\byg the same adjustment applied
across all instructors. While it is impossible tats definitively, especially with only
anecdotal evidence from the course coordinat@s,iitteresting to me that in the semester
of the study, the adjustment was by six pointsfhestuadent had a six point addition made
to their final exam score while in past years tgistment had been as high as 20 points
(according to Dr. Wales).

Implications for Practice

This dissertation study offers a framework for dsging and categorizing
guestions. At the collegiate level, little reseahnels been done in looking at how
instructors ask questions. By using this framewarlanguage has been offered to help
focus on and discuss various types of questiongredpotential for improving
discourse in college mathematics teaching. Twoiip@mplications for practice in
using video cases arise from this work: the segugrand timing of case use with novice
instructors.

When implementing the video case based activitfeand that at least two of my
participants “did not like group work” as discusg®dviously. Reflecting back on the
video case based activities, thacilitating Group Workcase should not be the first case
with novices. Facilitating this case first meanleaist two of the participants did not
respond as | had hoped from that particular coatthn meeting. Also when facilitating

this case, it might have been helpful to prefaeedttivity by stressing that the
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participants should pay attention to the instrustadent interactions rather than the fact
that students are working in groups.

The video case based activities did seem to praviglatform for the instructors
to observe students working problems and discussgiveg they think about those
problems. Kung (2010) found that when graduateesttsllearned more about student
thinking and interacted with students, then ingbuPCK increased. Participants in this
study may have been increasing their PCK, but notigh to show change in the
measure | was using: changes in question strategaeetheless, participants clearly
enjoyed the conversations (if sometimes uncomfbtytapurred by the video case
activities. By providing coordination that includésgleo case based activities throughout
an entire school year (typically two semesterg)aly be possible to further increase
instructor PCK to an extent that is measurableraadsurably faster than the growth of
PCK among novices who do not engage in such aesviThis idea is taken up again
under Implications for Research.

An additional recommendation would be to provide finst video case based
activity within the first two weeks of the semestidoelieve starting earlier in the
semester could have a greater impact on novicaigtsts. By starting earlier in the
semester, the discussions of the video case baseii@s can act as a bridge across the
weekly coordination meetings and provide time Fag participants to notice things in
their own instruction. Also, adding peer observatio coordination activities would give
a way to triangulate reflections on their own teaghobservations about the strangers in

the videos, and what they have noticed in the tegalfione by those who are near peers.
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Also, more time for each case could provide reitecon their thoughts, which could
contribute to better discussions.

Learning to notice aspects of classroom interadhoough video-based activities
has been shown to influence K-12 teachers’ atterttdheir own classroom interactions,
including questioning (van Es & Sherin, 2008). Tétisdy extends the idea to the context
of college instruction, among teachers who do gehérally) have the same pedagogical
preparation that K-12 teachers do. It appearsvidab cases as a tool for college
instruction may support instructors learning tacteal’he video case based activities used
in this study did not focus on questions. A cleaxtrstep is to create some that do.

Future Research

Throughout the research process, | wondered ahaderst perceptions of the
guestions being asked. Why didn’t the studentsaes$po certain questions? What was
going through the students’ minds when asked atmpm@sHow might the instructor have
encouraged the students to respond or think atewtaic aspects of the mathematics
being discussed? Though not the focus of this stusigw that Nick’s students had a
tendency to pose questions as “why . . .?” and Nftén used the word “why” in posing
guestions. Socio-mathematical norms for commuroaoat a college mathematics class
may be established in the first few hours of inginn (Tsay et al., 2011). Future studies
could examine the relationship of the types of tjaas instructors ask to the types of
guestions students ask--from the start of a semeste the end of the semester.
Interviewing both the students and instructors altloel questions asked could provide
valuable feedback about student thinking and iegtruresponse to student thinking. This

would further build on Speer’s (2001) work by intrgating not only the instructor
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reason for asking questions, but also the studesdsons for asking, answering, and not
answering questions as well as student thoughtst apestions. Such a study would
possibly include video-clip based student focusigrmterviews--where students watch
and discuss a question-driven interaction--at le@ise during a semester and a
comparison of the students’ perception of questioribe instructor’s perception of
guestions. Learning more about how students thixkibquestions could aid in
identifying what types of questions can contribatstudent learning. This, in turn, could
shape the development of new video cases that fatgsiestioning.

Whether an answer to an instructor question isecbior incorrect is an aspect of
the question context, that is, of the discoursgm®srhood. The ways instructors of the
dissertation study dealt with correctness in respdn the questions they asked appeared
to be different after video case activities. Eawdtructor during observed lessons had a
set of regular and repeatedly used responsesderggigiving incorrect answers to
guestions. In other words, there was a discourierpaelated to dealing with the
incorrect responses. For Nick and Disha, how tregttdvith incorrectness appeared to
be different after video case activities. Futuredsts could focus attention on how
instructors respond to incorrect solutions offdsgdstudents. What similarities exist
between instructors when incorrect solutions aferefl? What is the nature of change
during in how instructors respond to incorrect agsno questions as they gain teaching
experience?

Gutmann (2009) examined the beliefs novice mathem@is held about who
could learn mathematics. Specifically, his studyused on whether TAs believed

everyone could learn mathematics or if there wereat people more capable or who
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had a gift to do mathematics. He interviewed seigs. All noted that there was an
“upper” and a “lower” level of mathematics. Howewginions differed on whether
everyone could learn and do mathematics. One paatitheld fast to the idea that in
order to succeed in mathematics, one must work fédmel other TAs seemed to think
that in addition to working hard, one must alsogass some natural ability or
“creativity” to be successful in mathematics. Hoeg\they also noted that they had been
successful by working hard. Herzig (2002) foundikinviews among mathematics
graduate students and professors. The profesderstatked about students having a
“gift” that made them more mathematically creatarel better able to do well in the field
of mathematics. In contrast, the graduate studeriierzig’s study expressed that their
successes were due to hard work.

The works of Gutmann and Herzig introduce a posgsiearch problem. If
novice instructors believe that one must work harorder to be successful, then how
might that change the types of questions and eapens they have for their students?
Similarly, if novice instructors believe that oneish be “naturally gifted” in order to be
successful in mathematics, what types of quesaonisexpectations do they bring to the
class? How might their questions differ accordimghie perceived ability of the students
in the room? Similar to Gutmann’s (2009) particiggamNick felt that there was more to
being successful in mathematics than natural gbilitring his first interview he
considered,

.. . is there some natural ability right? | likeltelieve that that's not true. | like to

believe that natural ability can be overcome and iy@ay have a tendency to go a

certain level but I think you can overcome thosgeneral . . ., you know if

you're tone deaf, you're probably never going &y phusical instrument so
ignoring those cases. | like to think people caerosme.
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Additionally, Nick discussed “limiting factors” Head to deal with in the classroom
(including a lack of time to cover the materialg; $tated “. . . these aren't math kids so at
some level they don't care about what I'm saying (interview 1). Throughout Nick’s
instruction | saw him discuss applications of thatimematics being taught. His questions
often focused on why something would be usefuhtostudents. His belief that people
“can overcome” a natural ability or lack of someunal ability, and the fact the most of
his students “aren’t math kids” influenced his rostional focus and the questions he
asked. It was not common for Nick simply to tek tstudents an answer.

Further research could also include examining guestsked in advanced
mathematics classes. The instructors in this stegylarly communicated that they saw
their students as “others” in the sense that tingestts would not become mathematicians
(as the TAs were attempting to do). | wonder howsfions play out in classes where the
students might be more likely to pursue a careeilai to the instructor’s. A new study
might include video recording the classes at Isixstimes throughout the semester,
video clip interviews (from the classroom beingefed), student focus group
interviews, and individual instructor interviewshd interviews could focus on particular
instances in the class in which questions weredaski@owing the same clip to both the
instructor and the student focus group could afloma comparison of the instructor
perception of questions to the students’ perceptairthe questions.

While some changes were apparent with my parti¢gpdmuestion if those
changes will persist over time. To examine how tjaesg practices may evolve,
persist, or regress over time, a study of a singlace TA as the instructor goes through

the first three years of teaching, would be worttevhf questioning strategies revert
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back to previous patterns, then how might profesdidevelopment activities need to be
adjusted to not only change questioning stratetatsalso sustain changes in
guestioning strategies? Reciprocally, knowing hawsgioning strategies may evolve
with novice instructors could aid in creating psdmnal development activities. A study
of this nature might include observing and videmording the instructor regularly. Video
clip interviews after each observation that focnsrstructor intent when asking
guestions, might offer insight into how and why thstructor is making changes (or not).
Future Research to Test Theory

In what follows, | present a summary visualizatadrihe framework, across all
five instructors (Figure 27). The purpose of theuallization is to illustrate the potential
sites for professional learning that emerged frbenanalysis of question categories,
depths, and neighborhoods in the teaching of treedarticipants in this study. The
model represented in the visual is not generalegahht is not the purpose of qualitative
research. Nor are there hard and fast conclusmhs trawn from the kind of naturalistic
inquiry in this study. Rather, as outlined in Cleadt, member checking, peer debriefing,
expert checks, progressive subjectivity, and pensiobservation support the credibility,
authenticity, and transferability of the proposeadel. In Figure 6, | offered an initial
picture of the hypothesized relationships amongetspof question-driven discourse in
the context of novice instructors teaching calcitubio-science students. In Figure 27, |
offer an amended model, a new inductive basisutré work that includes the
perspectives and experiences identified in ChdptefFhe enhanced model has
additional disks withn vivocodes (i.e., the words used by one or more paaitgto

describe an aspect of their experience/perspecliough each person’s
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representative mobile was unique (see Chaptersi¥je things were similar among
some of the instructors. For example, Nick, Omaanidd, and Evelyn all mentioned the
importance of patience in asking and waiting fosvaers to questions, in part because
their attention had been drawn to patience by vimgykvith theOffice Hourvideo case
(e.g., being patient, waiting, wait time). In FigW27, this is represented in the existence
of thePatiencedisk under “As Teacher” (because one instructorarked on it) and the
three + signs (three other instructors echoedeh@rment). The shading in gray reiterates
this qualitative result by drawing the eye to thdsks representing views or experiences
that were held by several, the darker the grayrtbee people who mentioned it or gave
evidence of it in their teaching. Each disk witlic terms emerged from this research as
a potential site for accessing and shaping novisguctor perceptions of teaching,
learning, and questioning. One revision to theinabframework itself is the addition of
Univocal above the original “Question Categoriesd antroduction of “Dialogic
Question Categories” as a separate aspect of tdelmo

The diagram can serve as an illustration for re$esms and case facilitators to
show how the video case materials might push ageimeent views of novice instructors
and (re)shape how they think about teaching. Thaniinterim diagram. Further research
is needed to refine it, but it does illustrate jgalttr things the instructors in this study
mentioned in the interviews, weekly logs, and dgignordination. When preparing to
facilitate the video case activities, it may befukt note the topics the instructors
mentioned as access points and prepare to explose tdeas in more detail during

course coordination.
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Dialogic Question Categories

As noted previously in this chapter, all the instaus had common discourse
patterns surrounding the question typees that make sensaffdWhat is the next step?
These short, shallow, cycles of interaction mayehlaeen an indicator of another version
of my initial question categories, a dialogic o@&/en Skovsmose’s (2014) suggestion
that dialogic (rather than univocal) interactions mnore powerful in contributing to
conceptual understanding, | see that in a re-exatmoim of the categories defined for this
study, | made a univocal assumption. This was basady own mathematics learning
experiences and of all the hundreds of college ema#ttics class meetings | have
witnessed as student, teacher, research obsendevjgeographer. | had only rarely seen
a dialogic approach to mathematics instruction. ¥ithere is another version of those
guestion categories that assumes a constructingeahing (rather than a conveying of
meaning)? They might look like the descriptionJ able 22. Notice how each
description is changed with a dialogic assumpti@omprehension check now requires a
classroom norm for public conversation of ideaghtrior wrong. A Content Check is
different for instructor and student because iblags contrasting cases, such as might
arise from comparing multiple student responsdbtérahan looking at just one student
response at a time). In Elicit Student Thinkingg tble of instructor in getting a question
into the talk in the room is different because efagntering--the valued questioning is
among students rather than always channeled thrtwginstructor. For successful
dialogical probing of student thinking, teacheraundohave to have the skills described in
Smith, Hughes, Engle, and Stein (2009) to “bothdoan and honor student thinking

while ensuring that mathematical ideas at the hadaite lesson remain prominent” (p.
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550)anddo it with college age learners (Smith and collesjexamples are from

middle school mathematics teaching).

Table 22

Question Category Definitions—Revised for Dialo§gsumption

Categories Descriptions

Comprehension Check To assesslicit eretwo or more students’ declarative
understanding of a topic, procedure or tas&rder to make it
public and debatablée.g., What should we do next?, Does that
make sense?)

Content Check Used to-pushliscoverthe mathematical-fecus-or-direction of
foci and directions acroghe students’ attention (e.g+—Should

we-try-the-chairral®Vhich of these two options for next step is
more usefut)

Elicit Student To draw-out-whatthe-studeray attention to what students
Thinking are saying to each other about what tlaeg thinking, including

prompts for students to communicate what they thotagyother
students or teacher (e.gxplain to student X, mat do you first
notice about this graph?)

Probe Student To orchestrate multiple student contributions to stued

Thinking conversation about thevestigatereasoning behind or
explanation for a given response or procedural wiodtuding
prompts to communicate whayperson or group thought what
they did (e.g.Students Y and Z, do you agree with X? Why/why

not? That's correct, but why?

Note Descriptions revised for dialogic assumptioniargalics

If the short, shallow exchanges | saw in this stodg been richer, it might have
been possible to include disks in Figure 27 hanbelgw “Dialogic Question
Categories.” Instead, those exchanges are a laamploint for a revision to the model
that can be tested in future work. In fact, a staflgnuch more experienced instructors

might offer plenty of information under the headidD@glogic Question Categories.
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Ultimately, the question categories and associebggitive load analysis criteria of
guestion depth, offer a framework for future depehent of research and professional
learning materials that can aid in transitionintpiehus instructors to higher Math Talk
level question skills.
Conclusion

At the beginning of the research process, | aimt@bbi;mg research at the
intersection of the enacted curriculum and thendésl curriculum (recall Figure 1).
Rigorous quantitative analysis of the final examres and comparison of pass/fail rates
between semesters was inconclusive. The natucadistilyses of classroom instruction,
participant interviews, and logs offers credible aransferable results--the long and short
case reports are likely to pertain to another laegearch university and the revised
framework for examining questions as an aspectathMalk (Figure 27) holds promise
in future research and development.

The detailed profiles in this study provide exa@spbdf novice instructors, their
experiences, their perceptions of mathematicahiegcand learning, and detailed
reporting on their use of questions by type andldepo my knowledge, this is the first
report on novice college calculus instructors tesdoThis study built on the qualitative
work of Speer (2001), which investigated two mathtos TAs and how their beliefs
about learning affected the questions they askedglvecitation sessions for calculus
classes for engineering and mathematics majorsfdsingl that if a TA believed it
possible to have a correct answer but still noteusidind the problem, the TA would ask
the students for explanation, regardless of an arisworrectness. However, if the TA

believed that a student could have a wrong answutesthl understand a problem, that TA
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was less likely to ask for explanation on correotky and would often ignore incorrect
answers given by students. Similarly, | examinedecemathematics instructors and
how they asked questions while teaching. | adde®per's work by examining closely
the types of questions asked by novice instru@ondsconsidering question depths.
Similar to Speer, | conducted video clip interviemith each of my participants;
however, | also included a video case-based intgie during the coordination
meetings. | further built on this work by closelynitoring the instructors’ questions
across multiple classroom visits, interviews, camaition meeting conversations, and
logs. This study also extends the work of Huffercklgs et al. (2004), by providing the
guestion depth and question categories enhancemaethisir Math Talk framework.
Both the Math Talk framework and the question deithes with accompanying
attention to discourse neighborhoods can aid irattadysis of classroom questions and
the discourse surrounding those questions.

The video case based activities gave instructptatéorm to increase their PCK,
particularly about student thinking. This can cdnite to better teaching, thus addressing
the overarching practical problem of how to impreedegiate mathematics teaching and
learning. According to participants, the video ceseversations and later reflections also
resulted in a change in awareness about questipnaugices and, according to the
coding of classroom interactions, variety in quastilepth and/or category, particularly
for the four most novice instructors. An additiopakitive result is that the instructors
said they enjoyed the activities and saw themrasaurce for thinking about teaching. |
close with a quote from Pramod’s exit interview ailois experiences with the case

studies:
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| think, a conscious investment, if you like, im@king this change of, you know,
of improving my interactions and stuff, | thinkddl more of a, | don’t know, |
feel better about myself . . . | feel more of d teacher now [laughs].
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Department of Mathematics

December 5, 2012

Kitty Roach
School of Mathematical Sciences
University of Northern Colorado

Greeley, CO 80639
Dear Kitty,

Thank you for inviting me to be a part of the prepo research project on college
mathematics instructor professional developmethink this is an important and
valuable area of work in postsecondary educatiahwlill have a significant impact on
undergraduate student mathematical learning.

| am the course coordinator for Math, CalculusBarlogical Scientists, with a Ph.D. in
Mathematics. | have been the course coordinataviiih since Fall 2009. In the 2010-
2011 academic year, | was supported by a grant Trobeninstitute for Learning and
Teaching at  University to redesign this colrgencorporation modules that link
mathematics and biology. As director of The Labamafor Mathematics in the Sciences
at , | am currently involved in developing otlagplied mathematics courses and
outreach programs to K-12 schools as well as tigigraduate students to teach such
courses.

| commit to working with you to offer video caseskea professional development to

mathematics instructors at during course cootdinal understand that at least 3 and as
many as 5 video cases will be offered and may baedo as many as 6 meetings of the

group.
Again, thank you for the invitation. | look forwatd working with you.

Sincerely,

Assistant Professor
Department of Mathematics
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WEEKLY INSTRUCTOR ONLINE LOG

The following logs are should be completed eachkw&ke questions ask about how you
might be incorporating ideas from course coordorgtspecifically coordination that
includes video vignettes.

1. How | used ideas from course coordination thegkv(Check all that apply)
[ ] individually with a student [ ] with 1 or momlleagues
[ ]inthe classroom [ ] Does not apply

[ ] with a group of students

1a) Briefly describe the idea used and how it weedU(if none used, please enter N/A):
[TEXT BOX — REQUIRED]
1b) How do you think your use of this idea influedcstudent learning? (if none used,
please enter N/A)
[TEXT BOX — REQUIRED]

2. My use of the ideas presented in course codidimlas helped increase student
confidence in math.
[ ] Never [ ] Rarely [ ] Sometimes [ ] Often

3. In my use of the ideas presented in course auatidn | have seen students gain
deeper mathematical knowledge.
[ ] Never [ ] Rarely [ ] Sometimes [ ] Often

4. Use of the ideas presented in course coordmatg helped increase student interest
in math.
[ ] Never [ ] Rarely [ ] Sometimes [ ] Often

5. Please estimate how much time, outside of coatidin, you spent this week:

a. talking with other people about teaching, [Drop dawenu of time
intervals]

b. grading student work, [Drop down menu of time ingds]

c. preparing materials for student use (e.g., workishegizzes, etc.) and/or
planning for class, [Drop down menu of time intdsya

d. other teaching related activities (please desdnimdly), if none used,
please enter N/A).

[TEXT BOX — REQUIRED]

6. Comments about your teaching this week thatd/bké to share? Please use the
textbox below. If none, enter N/A.

[TEXT BOX — Required]
Note that we review these entries weekly. Pleasaléditty.roach@unco.edu for a timely
response to any question or concern. Remembeicto“sblbmit” below.
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INTERVIEW PROTOCOLS
Interview 1 (Intake Interview)

To be conducted prior to the instructor viewing afyhe video case materials. These are
semi-structured interviews (Patton, 2002). Theringsvs will have these basic questions
with possible follow-up questions.

Introduce myself: | am Kitty Roach and | am a graeéustudent at UNC (University of
Northern Colorado). | am working on my Ph.D. in Kematics Education. | really
appreciate you helping me with my research.

Question 1: Could you tell me a little bit aboutiydackground? For example, what
degree(s) do you have? Have you ever taught befbse? what classes, and how many
classes?

Question 2: What degree are you working on heBRai? What are your plans after you
get your degree? {Or if speaking with an adjunaiwHlid you come to be at BRU?
What are your plans for the future, both short tamd long term?} What are your long-
term plans? In other words, where do you ultimasely yourself, say in 10-15 years?

Question 3: How do you think students learn? Howalo know learning when you see
it?

Question 4: What teaching strategies do you plansomg this semester? Why those
strategies?

Question 5: Do you have any questions for me?

End the interview by thanking the participant. Eiplthat | will be coming to their class
within the next week to video their class. | wik@a see them in Coordination. If you
have any other questions or concerns, please Hesitate to email me. Thank you!

Interview 2

To be conducted after at least 2 of the video o@sterials have been shown at
coordination.

Begin by saying thank you for allowing me to infew you a second time. In this
interview we will be looking at short clips of yoteaching. | would like you to focus on
the questions that you ask. We will look at (1 Ywi8eo clips. Are you ready?

Question 1: [Show the video clip and remind therfottus on the questions that they
ask] Do you remember this day? Here is a transofigite clip | just showed you. So
what questions did you see yourself ask duringritieo clip. Please mark them on the
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transcript. [Depending on the questions asked byrtstructors in the video clips viewed,
| will ask follow-up questions. Examples are givaiow.]

Follow- up questions:
* What question(s) did you ask? Please mark therh@ftranscript.
* Why did you ask that question? (If coordinatiomisntioned, probe how
coordination may have influenced the questionsake
* How did you expect the students to respond?
» Did the students respond the way you expectedeslflyow did they respond? If
no, what was different about their response?

» Do you think you accomplished your goal by askimaf question? Why or why
not?

Final Question: Do you have any questions for me?

Thank you for letting me interview you. We havetjose more interview left at the end
of the semester. Let me know if you need anything.

Interview 3 (Final Interview)

To be done in the last two weeks of the semester.

The final interview will be based on classroom alatons and responses to weekly
logs. This interview may includes follow-up quessdao weekly log responses and may
also include video clips from the instructors’ gas as in interview 2.

Example questions may be:

1. I noticed in the weekly logs you mentioned that ysed [an idea that they used].
Could you expand on that idea and how you useéd/hat was the goal of using
that idea? Did you achieve your goal? How? Or wbiy? n

Would you use this idea again? Why or why not?

Have you noticed a change in your teaching ovectluese of this semester?

Could you describe that change?

4. [To be asked after viewing a video clip of the instor’s teaching, as in
Interview 2.] Why did you ask this question? Howl glou expect the students to
respond? Did they respond the way you expecteggsifhow did they respond?
If no, what was different about their response?/bw think you accomplished
your goal by asking the question? Why or Why not?

w N
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CONSENT FORM FOR INSTRUCTOR PARTICIPANTS

Project Title: A Study of Novice Instructors’ Quiesting Techniques and
Classroom Discourse Surrounding Those Questions

Lead Researcher: Kitty L. Roach, Graduate Rese&ssslstant,
kitty.roach@unco.edu

Research Advisor:  Robert A. Powers, Ed.D., Assedfabfessor, School of
Mathematical Sciences, (970) 351-1157

| am requesting your permission to audio and videord your classroom practice. The
audio/video | will be collecting will be used toarine classroom discourse surrounding
guestions. Unless additional liability releaseampleted, any audio or video data
records will be destroyed no later than five yedtsr the end of completing my
dissertation. Please cont&atty Roachat the email address given above if you have any
guestions or concerns about this research.

Thank you for assisting us with the project. Ptithe observations, | will contact you to
schedule a time to be observed. While being obdarvgour teaching, you may be
asked to carry a digital recorder. | may also bén@room to take field notes.
Information collected during your educational preeimay involve a few minutes before
class setting up the recorder, but observationswiltake any more of your time than
teaching your course. No names will be used ineperting of the data. Each person
will be identified by a pseudonym. Student work afessroom video may be used for
reporting purposes only. By signing below, you agethe confidential gathering of
audio and video data for research.

The risks and discomforts inherent in this studyraw greater than those typically
encountered during regular class participationylia@gclassroom teaching, and regular
coordination meetings. As with any learning oppoitiuinstructors may experience
some discomfort as they encounter their own ignman discussing teaching.

It is possible that both the students and instrgatould benefit by participating. The
instructors will be paid $100 for full participatioThe instructors could benefit by
gaining knowledge of student thinking. This cowdult in more productive classroom
interactions and better performance, by the stsdemt midterm and final exams.

Participation is voluntary. You may decide not &otjipate in this study and if you
begin participation you may still decide to stopl avithdraw at any time. Your decision
will be respected and will not result in loss ohbéts to which you are otherwise
entitled. Having read the above and having hadpgoiunity to ask any questions,
please sign below if you would like to participatehis research. A copy of this form
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will be given to you to retain for future referentfeyou have any concerns about your
selection or treatment as a research participéadasp contact the Office of Sponsored

Programs, Kepner Hall, University of Northern Caldo Greeley, CO 80639; 970-351-
2161.

Sincerely,

Researcher’s Signature Date

Participant’s Full Name (please print) Participgtignature
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CONSENT FORM FOR STUDENT PARTICIPANTS

Project Title: A Study of Novice Instructors’ Quiesting Techniques and
Classroom Discourse Surrounding Those Questions

Lead Researcher: Kitty L. Roach, Graduate Resessslstant,
kitty.roach@unco.edu

Research Advisor:  Robert A. Powers, Ed.D., Assedfabfessor, School of
Mathematical Sciences, (970) 351-1157

Your instructor has agreed to participate in mgagsh study and | am requesting your
permission to audio and video record your classroldme audio/video | will be

collecting will be used to examine classroom dissewsurrounding questions. Unless
additional liability release is completed, any audi video data records will be destroyed
no later than five years after the end of comptetiy dissertation. Please contKdty
Roachat the email address given above if you have amegtipns or concerns about this
research. Thank you for assisting us with the ptoM/hile audio/video recording your
class, | may also be in the room to take field s.okéo names will be used in the
reporting of the data. Each person will be ideatifby a pseudonym. Student work and
classroom video may be used for reporting purposgs By signing below, you agree to
the confidential gathering of audio and video dataesearch.

Participation will not take any more of your tinf&h attending class. After the first few
minutes, you probably won't even notice the videcording. If you are okay with the
video recording but want to stay out of frame, fiee¢ to move to the seats indicated as
being out of view. By signing below, you agree &owvideo-recorded for the purpose of
research. Thank you, in advance, for your help.

The risks and discomforts inherent in this studyraw greater than those typically
encountered during regular class participatiois ftossible that both the students and
instructors could benefit by participating. Thetinstors could benefit by gaining
knowledge of student thinking. This could resulmpore productive classroom
interactions and better performance, by studemtspidterm and final exams.

Participation is voluntary. You may decide not &otipate in this study and if you
begin participation you may still decide to stol avithdraw at any time. Your decision
will be respected and will not result in loss ohbéts to which you are otherwise
entitled. Having read the above and having hadpgodunity to ask any questions,
please sign below if you would like to participatehis research. A copy of this form
will be given to you to retain for future referendfeyou have any concerns about your
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selection or treatment as a research participégasp contact the Office of Sponsored
Programs, Kepner Hall, University of Northern Caldo Greeley, CO 80639;
970-351-2161.

Sincerely,

Researcher’s Signature Date

Participant’s Full Name (please print) Participgi@ignature
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RESEARCHER CLASSROOM OBSERVATION PROTOCOL

The following is an example excel worksheet thatrésearcher will use for classroom
observations. The researcher will focus on questasked by the instructor during class.
The questions in class will be transcribed in Qaéstion” column. The context of the
guestion will be briefly described in the “ContextSlumn. A code will then be assigned
to each question based on the perceived intemheohstructor. This form was created by
Roach et al., 2010.

Class
Comp invest elicit manage no
Time Question check |]thinking | thinking ment | code | Context Memo

I[{G|C]JI |[G|C ]I |G|C ]I |G |C

student asked a
question about
how to work a
So how did you figure out problem the
11:54 this one? 2 worksheet.

as she asks the
question she scans the
group, however only

So How did you use the

power rule? How did that
12:01 help you?

What's the derivative of
12:35 5x?

12:46 log of what?

So take the derivative,
16:02 does it work?

Can you come with an

even more general way of
16:32 writing it?

So how do we know that
25:08 that's right or not?

appears to be getting
response from an
individual
group begins to
respond

responding to

the girl

suggesting that

they take a log

The instructor is

asking the

students if the

derivative of the

their

"antiderivative"

works.

Student found

the correct

antideriviative

and the

instructor

seemed to be

trying to get the

student to

generalize his

method

brief pause
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UNIVERSITY of

NORTHERN COLORADO

I)

Institutional Review Board

DATE: August 28, 2013

TO: Kitty Roach, B.S., M.S.

FROM: University of Northern Colorade (UNCO) IRB

PROJECT TITLE: [411855-2] Questions and College Calculus Classroom Discourse

SUBMISSION TYPE: Amendment/Modification

ACTION: APFPROVED
APPROVAL DATE: August 27, 2013
EXPIRATION DATE: August 27, 2014
REVIEW TYPE: Expedited Review

Thank you for your submission of Amendment/Modification materials for this project. The University of
MNorthern Colorado (UNCO) IRB has APPROVED your submission. All research must be conducted in
accordance with this approved submission.

This submission has received Expedited Review based on applicable federal regulations.

Please remember that informed consent is a process beginning with a description of the project and
insurance of participant understanding. Informed consent must continue throughout the project via
a dialogue between the researcher and research participant. Federal regulations require that each
participant receives a copy of the consent document.

Please note that any revision to previously approved materials must be approved by this committee prior
to initiation. Please use the appropriate revision forms for this procedure.

All UNANTICIPATED PROBLEMS involving risks to subjects or others and SERIOUS and UNEXPECTED
adverse events must be reported promptly to this office.

All NON-COMPLIANCE issues or COMPLAINTS regarding this project must be reported promptly to this
office.

Based on the risks, this project requires continuing review by this committee on an annual basis. Please
use the appropriate forms for this procedure. Your documentation for continuing review must be received
with sufficient time for review and continued approval before the expiration date of August 27, 2014,

Please note that all research records must be retained for a minimum of three years after the completion
of the project.

If you have any questions, please contact Sherry May at 970-351-1910 or Sherry.May@unco.edu. Please
inciude your project title and reference number in all correspondence with this committee.
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This letier has been elecironically signed in accordance with all applicable regulations, and a copy is retained within University of
Meorthem Colorado (UNCO) IRE's records.
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APPENDIX G

TOTAL QUESTION COUNTS PER INSTRUCTOR



Summary of coding for observations of Nick

TOTAL QUESTION COUNTS PER INSTRUCTOR

Nick
Focus Code Depth
Question ClassMgmt 0 7 5 6 14
CompCheck 0 22 16 24 27
1 3 7 7 9
2 0 0 0 0
3 0 0 0 0
ContentChk 0 0 6 5 1
1 0 1 0 0
2 0 3 0 0
3 0 0 0 0
ElicitThinking 0 0 0 0 2
1 2 14 5 0
2 5 1 5 1
3 0 0 0 0
Hypophora 0 9 1 3 4
ProbeThinking 0 0 0 0 0
1 0 0 0 0
2 0 2 0 0
3 0 0 0 0
Neighborhood | DayTopic 0 4 0 2
LargerTopic 0 0 0 0
NextStep 12 23 34 28
NoMath 4 3 6 13
Problem 32 26 15 15
Grand Total 48 56 55 58




Summary of coding for observations of Disha

Disha

Focus Code Depth 2 5
Question ClassMgmt 0 0 18 2 6
CompCheck 0 58 74 100 62
1 9 28 15 24
2 0 10 2 0
3 0 0 0 0
ContentChk 0 3 0 2 7
1 0 0 2 0
2 0 0 0 0
3 0 0 0 0
ElicitThinking 0 1 0 0 0
1 1 1 5 0
2 3 1 6 0
3 0 0 0 0
Hypophora 0 25 17 18 12
ProbeThinking | O 0 0 0 0
1 0 0 1 0
2 0 0 1 0
3 0 0 0 0
Neighborhood | DayTopic 6 2 2 3
LargerTopic 0 0 0 0
NextStep 58 76 86 52
NoMath 2 11 1 6
Problem 34 60 65 50
Grand Total 100 149 154 111
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Summary of coding for observations of Omar

Omar
Focus Code Depth
Question ClassMgmt 0 0 0 1 0
CompCheck 0 26 19 16 25
1 16 68 48 21
2 2 1 1 2
3 0 0 0 0
ContentChk 0 2 0 6 4
1 0 0 3 1
2 0 0 0 0
3 0 0 0 0
ElicitThinking 0 1 0 0 0
1 8 3 6 0
2 2 0 1 3
3 0 0 0 0
Hypophora 0 6 5 6 7
ProbeThinking | O 0 0 0 0
1 0 0 0 0
2 0 1 0 4
3 0 0 0 0
Neighborhood | DayTopic 0 7 3 3
LargerTopic 0 0 0 0
NextStep 33 23 33 25
NoMath 0 0 1 0
Problem 30 67 51 39
Grand Total 63 97 88 67
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Summary of coding for observations of Pramod

Pramod
Focus Code Depth
Question ClassMgmt 0 9 0 1 8
CompCheck 0 41 13 10 17
1 11 13 9 12
2 4 1 0 1
3 0 0 0 0
ContentChk 0 0 0 2 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
ElicitThinking 0 1 0 0 0
1 4 0 1 4
2 8 0 7 1
3 0 0 0 0
Hypophora 0 4 0 2 1
ProbeThinking | O 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
Neighborhood | DayTopic 6 7 0 1
LargerTopic 0 0 0 0
NextStep 28 4 9 19
NoMath 9 0 1 8
Problem 39 16 22 16
Grand Total 82 27 32 44
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Summary of coding for observations of Evelyn.

Evelyn
Focus Code Depth
Question ClassMgmt 0 1 9 6 2
CompCheck 0 19 29 31 17
1 11 19 26 6
2 0 1 0 0
3 0 0 0 0
ContentChk 0 2 6 9 1
1 0 1 0 0
2 0 1 0 0
3 0 0 0 0
ElicitThinking 0 0 0 0 0
1 0 1 0 1
2 0 1 0 0
3 0 0 0 0
Hypophora 0 9 4 3 2
ProbeThinking | O 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
Neighborhood | DayTopic 2 12 3 4
LargerTopic 0 0 0 0
NextStep 24 21 32 2
NoMath 0 10 6 2
Problem 16 29 34 21
Grand Total 42 72 75 29
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