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Abstract The use of cases as a pedagogical tool in teacher education is seen as one
way of bringing practice closer to theory. This study describes the use of cases in a
university course for secondary school prospective mathematics teachers. The study
investigates participants’ views of cases taken from different sources and presented
in different situations. In general, participants felt that the use of cases had an impact
on their understanding of common mathematical errors but that cases based on mis-
takes they had themselves made during homework assignments were most
meaningful.
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Introduction

Preparing future mathematics teachers is a complex process involving both aca-
demic and practical elements. Academic elements often include university or col-
lege courses aimed at promoting prospective teachers’ mathematics knowledge
needed for teaching (Ball, Thames, & Phelps, 2008). Practical elements often
include fieldwork such as classroom observations and student teaching where the
aim is to practice and apply what was learned in theory. Yet, bridging out-of-
university practice and within-university academic courses can be a challenge
(Zeichner, 2010). Some educators argue that clinical experiences should be central
to teacher education and that all teacher preparation should stem from those experi-
ences (Ball & Forzani, 2009). Others point out that prospective teachers’ lack of
experience may limit their observational skills and consequently limit what may be
learned from fieldwork (Masinglia & Doerr, 2002). While we agree that clinical
experiences are essential to teacher preparation, additional tools, such as analyzing
classroom videos and cases, may also assist in bringing the classroom practice
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closer to future teachers, while enhancing future teachers’ mathematics knowledge
and pedagogical content knowledge (e.g., Markovits & Smith, 2008; Santagata &
Guarino, 2011).

In this paper we describe a university course which, among other tools, used
cases as a tool for promoting participants’ mathematics knowledge, as well as their
knowledge of common mathematical errors made by secondary school students. We
use the term case in a broad sense to mean an actual event that occurred at some
time in some learning situation and which may be generalized beyond the specific
event to a larger set of mathematics education ideas. The cases used in this study all
included an instance or several instances of students making mathematical errors.
However, the cases were taken from different sources, such as research articles, the
participants’ own homework assignments, and classroom observations. In addition,
the cases were introduced to participants in different situations such as homework
assignments and classroom activities. Studies have shown that one’s beliefs and
affect may impact on the way that individual engages in professional development
(Roesken-Winter, 2013). Thus, if we want to improve prospective teachers’ engage-
ment with the cases, it is relevant to investigate their views on the ways in which
cases are used in the course. In addition, Ball (1990) claimed that the experiences of
prospective teachers during their university methods course may impact on the
future teachers’ ideas, ways of seeing, and ways of acting. Thus, the way prospec-
tive teachers view their experiences with students’ errors may impact on the way
they see those errors when they become teachers and the way they act on those
errors in their future classrooms. Our main research questions are: How do prospec-
tive teachers view the impact of cases taken from different sources on their under-
standing of mathematical errors? How do prospective teachers view the impact of
cases presented in different situations on their understanding of mathematical
errors?

Using Cases, Events, and Situations in Teacher Education

The idea of using cases in teacher education is not new. Shulman (1986), in his
seminal work on teachers’ knowledge, argued that although the case method was
historically used in teaching law and medicine, it could also be used for teaching
future teachers. He used the term “case knowledge” to describe “knowledge of spe-
cific, well documented, and richly described events” (p. 11). He warned, however,
that a case “is not simply the report of an event or incident. To call something a case
is to make a theoretical claim — to argue that it is a ‘case of something,” or to argue
that it is an instance of a larger class” (p. 11). Furthermore, Shulman claimed that
the use of the case method in teacher education can illuminate both the practical and
theoretical sides of teaching. In other words, it can help bridge the gap between
fieldwork and course work.

Taking into account that not every event may be considered a case, it becomes
relevant to discuss how and why certain cases are chosen specifically for the
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education of future mathematics teachers. Markovits and Smith (2008) describe two
kinds of cases used in mathematics teacher education — exemplars and problem situ-
ations. Exemplars consist of lengthy descriptions of an entire instructional episode
that highlight key ideas about mathematics teaching and learning. Key ideas include
not only pedagogical moves but also key mathematical ideas in a specific mathemat-
ical domain. For example, cases may be used to demonstrate the crucial role of
teachers’ actions and their interactions with students during classroom instruction
that includes cognitively challenging mathematical tasks (Henningsen & Stein,
1997). Exemplars illustrate authentic practice. They do not necessarily exemplify
best practice but may be used in teacher education to study factors which inhibit
students’ learning (Markovits & Smith, 2008).

The second type of case mentioned by Markowits and Smith (2008) is problem
situations. As opposed to the first type described above, problem situations are usu-
ally relatively short and may convey real events that took place in a classroom or a
hypothetical situation based on research related to students’ ways of thinking. In
general, they describe classroom events involving mathematics, which raise a prob-
lem or dilemma inviting readers to analyze the situation and to suggest ways of
responding to the problem (Markovits & Even, 1999).

Different studies described different ways in which cases or situations were used
in teacher education. Conner, Wilson, and Kim (2011) developed a tool they called
“Situations” which consisted of three parts. The first part contained a prompt which
included a brief description of a mathematical event along with students’ and teach-
ers’ questions and insights. The second part was a description of various aspects of
mathematical proficiency relevant to the event. The last part included a commentary
which discussed a summary of key ideas to be found in the first two parts. In their
study, participants discussed the Situation along with the facilitator, after being
given time to individually reflect on the Situation. Pang (2011) used video cases
accompanied by comprehensive narratives which included the background of the
recorded lesson as well as related theory, when working with prospective teachers.
The videos were taken from both planned and unplanned lessons given by experi-
enced teachers and publically available video libraries, as well as recording of the
prospective teachers’ teaching during their fieldwork. Prospective teachers were
required to view recording and read the accompanying text before coming to class
and then discuss key elements during the class.

While most studies which investigated the use of cases in teacher education
focused on promoting teachers’ mathematical and pedagogical content knowledge,
some studies also noted affective issues. Conner et al. (2011) reported that prospec-
tive teachers said that engagement with Situations was one of the most helpful
aspects of their methods course. Furthermore, the instructor and prospective teach-
ers found the Situations to be very relevant. While discussing video cases, Santagata
and Guarino (2011) mentioned that when participants view exemplar cases, there
can be a problem with the “distance PSTs [preservice teachers] might feel between
their teaching abilities and the ability of the teachers portrayed in the videos”
(p. 143). Lin (2005) remarked that the “video-cases motivated preservice teachers
to rethink the importance of a student-oriented approach and to emphasize the need
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for engaging students with challenging mathematical tasks” (p. 372). Working with
practicing teachers, Walen and Williams (2000) suggested that discussions and
reflections of cases elicited powerful reactions among the teachers and that the cases
played a surprisingly powerful role in helping the teachers acknowledge and deal
with their classroom concerns. In other words, using cases in teacher education has
the potential to affect participants’ engagement in their learning as well as their
beliefs and practice regarding teaching mathematics.

Methodology

The Teacher Preparation Program and Course

Participants in this study were 31 students enrolled in a university program for pre-
paring secondary school mathematics teachers. All students had a first degree in
mathematics or a mathematically rich field such as engineering and after success-
fully completing the program would receive a teaching license. The program
included attending university courses as well as doing 130 h of fieldwork in second-
ary school mathematics classes under the guidance of a mathematics teacher. In
addition, all participants attended a workshop at the university, run by an expert
mathematics teacher, who discussed with the participants their fieldwork experi-
ence. The expert teacher at the university was in contact with other university lectur-
ers who taught these participants. In general, the aims of the university courses were
to promote participants’ mathematics content knowledge and pedagogical knowl-
edge for teaching (Ball et al., 2008).

This study focuses on a semester-long university course, given by a senior uni-
versity lecturer, which emphasized the analysis of students’ mistakes as a way for
promoting prospective teachers’ knowledge of common student errors and, in addi-
tion, as a way for promoting participants’ mathematics knowledge. During the
course, which met once a week for 2 h, students were introduced to theories for
analyzing the reasons behind students’ common mistakes such as the conflict
between concept images and concept definitions (Tall & Vinner, 1981), intuitive
rules (Stavy & Tirosh, 2000), and the interaction between formal, algorithmic, and
intuitive elements of mathematics (Fischbein, 1993).

The mathematical errors analyzed during the course came from different sources
and were presented and discussed among participants in different ways. In total,
there were six different error analysis situations. The sources of the first two situa-
tions were errors made by the participants of the course. Every week, students were
given a series of four to five mathematics problems to solve at home, and then dur-
ing the class, the lecturer went over the participants’ correct and incorrect solutions.
Thus the source of the first situation was the participants’ homework errors. At
times, a new problem was presented in class, and students solved the problem in
class, with some participants solving the problem on the whiteboard up front. Thus,
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the second source was participants’ errors made during the class. The source of the
third and fourth error situations came from research papers. From the fourth lesson
on, two students presented to the class their summary of common mistakes taken
from a research paper assigned to them by the lecturer. The third source came from
research papers describing quantitative studies of students’ common errors. The
fourth source came from papers describing classroom interactions and a qualitative
analysis of a case which involved students’ mathematical errors. The fifth and sixth
sources came from the participants’ current experiences with secondary school stu-
dents. During the semester, participants took part in classroom observations and
were required twice during the semester to report and analyze cases taken from
those observations. The fifth error situation was a case chosen by the lecturer to be
used in a homework assignment. All participants were required to analyze errors
which arose during the case, according to theories learned during the course. The
sixth source came from the participants’ experience with students. Participants were
given two mathematics problems known to cause student errors. Participants were
required to ask two high school students to solve those problems, interview the
students, and then analyze the students’ solutions, including errors that arose during
the solution process.

Research Tool

At the end of the course, students were requested to fill out a questionnaire that had
the following instructions:

During the course, you had the opportunity to analyse incorrect solutions which arose in
different situations. For each situation, rate the extent to which the activity helped you to
understand error analysis: greatly, to some extent, a little bit, not at all.

Following this instruction was a list of the six different situations, as described
above. The lecturer also clarified each situation orally ensuring that all of the par-
ticipants recognized the different situations. At the end of the six situations, partici-
pants were asked to answer the following question: If you had to choose only two
situations (from the above six) which would you choose?

Results

Recall that participants were requested to rate the extent of each of the six situa-
tions’ impact on their understanding of common mathematical errors. Each rating
was assigned a numerical value: 1, not at all; 2, a little bit; 3, to some extent; and 4,
greatly. To begin with, we note that only one participant rated one situation (Situation
6) as not having any impact at all. In other words, results indicated that prospective
teachers perceive the use of cases, regardless of the source of the case or the
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Table 1 Mean ratings of each situation’s impact (N = 31)

Source of | Mistakes made by Mistakes reported in Eyewitness to others’
mistakes participants research papers mistakes
Situation 1 2 3 4 5 6
H.W. Classwork | Quantitative Qualitative | Classroom Student
study study observation interview
Mean 3.84 3.52 3.39 3.13 3.39 2.97
SD 0.37 0.57 0.72 0.72 0.72 0.84

situation in which it is presented, as having an impact on their understanding of
mathematical errors. Furthermore, the mean ratings (see Table 1) indicate that over-
all, the use of cases was perceived as being more than just a little bit meaningful.

Taking a closer look at the results, we note slight differences. Situation 1, where
mistakes made by participants in their homework assignments were discussed in
class, was perceived as having the most impact on participants’ understanding of the
errors, followed by mistakes made by participants while engaged in classwork. In
other words, participants viewed that analyzing their own mathematical mistakes
was more meaningful than analyzing mistakes made by others. Participants viewed
Situations 3 and 5 as having less of an impact than Situations 1 and 2 but more than
Situations 4 and 6.

That participants viewed Situations 3 and 5 as having the same impact on their
learning is surprising. First, the errors presented in the two situations come from
very different sources. Situation 3 consisted of cases taken from research papers that
reported on quantitative studies of students’ common mistakes, while Situation 5
was one case taken from a participant’s classroom observation. Second, the way
each situation was used was also different. Situation 3 was discussed in class, and
Situation 5 was a homework assignment. While the same surprise might be felt for
the similar preference for Situations 4 and 6, those situations are at least similar in
that both deal in depth with one or two students and the mathematical errors those
few students made. In essence, it may be said that Situation 4 prepared them to deal
with Situation 6 although Situation 6 was more personal in that the participant actu-
ally conducted firsthand an informal qualitative study.

Although participants were not requested to explain their ratings, some partici-
pants did add clarifications. For example, regarding the high rating for the first two
situations, one participant wrote for Situation 1, “the attention given to our solutions
sharpened my understanding of mistakes and corresponding theories.” Regarding
Situation 2 that same participant wrote, “when we talk about ‘our’ solutions, I relate
better to the material.” One participant commented on his or her high rating for
Situation 6, “when I interviewed the students, I went on to other topics which sharp-
ened my understanding of the source of those mistakes and this will help me in my
teaching.” In other words, this participant used the interview situation as an oppor-
tunity to test out other theories and thereby strengthen knowledge gained regarding
erTors.

For the most part, as noted above, Situation 6 received relatively low ratings.
This may be explained by one participant’s comment: “We only had to interview
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Table 2 Frequency (%) of participants’ choices for most preferred situations (N = 31)

Source of Mistakes made by Mistakes reported in Eyewitness to others’
mistakes participants research papers mistakes
Situation 1 2 3 4 5 6
H.W. Classwork | Quantitative Qualitative | Classroom Student
study study observation interview
Frequency |25 (81) |11 (35) 12 (39) 4(13) 6(19) 2 (6)

two people. Perhaps if we interviewed more people it would have helped more in
our understanding of students’ common mistakes (two is not a representative sam-
ple).” While this comment was given by only one participant, it hints at a possible
reason for the relatively low ratings given to both Situations 4 and 6. In their attempt
to understand why some errors are more common than others, perhaps participants
may have felt the need to read about or to experience many students making the
same error as opposed to hearing about or even personally interacting with one or
two who made those errors. On the other hand, another participant wrote that the
reports on quantitative studies were less effective than the reports from qualitative
studies because, “in the case of the quantitative studies, we did not go into depth,
and not enough time was given, but for the other papers we analysed concrete and
clear mistakes and that helped our understanding.” It is not clear from this comment
if the participant means that the quantitative studies dealt with too many errors at
once and thus it was impossible to analyze and understand all of them in depth or,
for some reason, during the class, there was less time devoted to those papers. In any
case, for this participant, it was important to understand each mistake in detail.

On the second part of the questionnaire, participants were asked to choose the
two situations they prefer most. Two participants chose only one situation. Table 2
presents the number of teachers who chose each situation as one of their most pre-
ferred. As can be seen from Table 2, Situation 1 was chosen by over three-quarters
of the teachers, Situations 2 and 3 by approximately a third of the participants, and
the rest by even less participants. Combining situations from the same source, 27
participants (87%) would choose at least one case stemming from their own mis-
takes (Situations 1 or 2), 15 (48%) participants would choose at least one situation
based on errors reported in a research paper (Situations 3 and 4), and 8 (26%) par-
ticipants would choose cases based on others’ mistakes that they or their peers had
witnessed.

In light of the responses to the first part of the questionnaire, it is not surprising
that so many participants chose the first situation as one of the two they most pre-
ferred. One participant who chose Situation 1 commented:

Sometimes, when working on the assignments, we discussed problems that were more

complex than the usual broad common mistakes and you could get lost. Still, the solutions

and their analysis were a tool that allowed me to solidify my understanding of the concept
and the mistake by going over it several times.

That same participant also chose Situation 3 and wrote:
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Relating to common mistakes found in research allowed me to focus on the specific math-
ematical mistake (and not on all kinds of different mistakes) that stem from a specific
mathematical problem. For example, the intuitive rule ‘More of A, More of B’, when talk-
ing about a simple function such f(x) = 0.5 and the question of which is greater f{(2) or f(1).
Together with the detailed frequencies and the discussion of the students’ explanations
(along with the researcher’s analysis), helped me to understand better this type of error.

Two differences between the results of the first and second parts of the question-
naires can be seen. First, on the second part of the questionnaire, only a third of the
participants chose Situation 2 as one of the two most preferred situations, while
almost all of the participants gave this situation a high impact rating on the first part
of the questionnaire. It could be that participants viewed the first two situations as
being very similar, and thus if they could only choose two situations and they
already chose Situation 1, then there was no need to also choose Situation 2. The
second difference between the two parts of the questionnaires was participants’
responses to Situations 3 and 5. While on the first part of the questionnaire, partici-
pants gave these situations similar impact ratings, on the second part, twice as many
chose Situation 3 as Situation 5.

Summary, Discussion, and Implications

The first question addressed by this paper was: How do prospective teachers view
the impact of cases taken from different sources on their understanding of mathe-
matical errors? The errors in the cases came from three sources: the participants’
own errors (Situations 1 and 2), errors reported in research studies (Situations 3 and
4), and participants’ observations of others’ errors (Situations 5 and 6). Findings
from both parts of the questionnaire indicated that participants’ viewed learning
from their own errors as most meaningful. When it came to choosing only two situ-
ations, most participants chose Situation 1 (learning from mistakes they made when
solving homework assignments) over Situation 2 (learning from mistakes made dur-
ing classwork). Although we cannot know for sure the reasons for this preference, it
could be that there was more anonymity in discussing mistakes made in the privacy
of one’s home than mistakes made in class. It could also be that participants had
more time at home to work on mathematics problems, and thus discussing those
problems was more meaningful than discussing mistakes made on the spot during
class. Finally, mistakes taken from the homework assignments were specifically
chosen by the lecturer for discussion because at least several participants made the
same mistake and thus prospective teachers could relate to those mistakes.
Regarding learning from mistakes made by others, on the one hand, participants
found that learning about mistakes from research papers and learning from observa-
tions were both meaningful. On the other hand, if they had to choose one or the
other, most would choose cases based on errors reported in research studies. This
last result is surprising because learning from research studies was thought to be
more connected with theory and rather removed from practice, while analyzing
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errors made by students whom the participants directly interviewed was thought to
bring practice closer to the theory discussed in the course. According to Zeichner
(2010), bridging the gap between theory and practice is important and is thought to
impact greatly on teacher preparation. In trying to understanding this result, we take
a look at the differences between the ways these cases were presented and used in
the course and now turn toward the second research question.

The second question addressed by this paper was: How do prospective teachers
view the impact of cases presented in different situations on their understanding of
mathematical errors? We begin with the problem of why participants preferred
cases taken from research papers over cases based on their own observations. The
cases based on research papers were presented by different participants to the whole
class and then discussed and analyzed in the course along with the teacher educator
and the other participants. The cases based on the participants’ own observations
were analyzed by individual participants as part of a homework assignment and as
part of the final project. Although the participants received feedback on their work,
these cases were not discussed by the whole group of participants along with the
teacher educator. While researchers agree that it is important for prospective teach-
ers to observe and reflect on students” mathematical thinking (e.g., Ball et al., 2008),
one of the problems with fieldwork placements is that the prospective teachers lack
a common experience to discuss with their peers (Masingila & Doerr, 2002). The
same might be said for analyzing students’ mathematical thinking through the anal-
ysis of cases. Students preferred to learn from situations that were discussed together
in class (Situations 1, 2, 3, and 4) over situations that were analyzed alone (Situations
5 and 6).

There are several possible implications of this study for teacher education. First,
the use of cases, in general, is seen as a positive learning activity for prospective
teachers. However, not all cases have the same impact. Although participants agreed
that it was fruitful to learn from their own mistakes, they preferred to learn from
mistakes they made individually but then discussed collectively. Thus, teacher edu-
cators might take into consideration prospective teachers’ comfort zone when dis-
cussing mistakes in class as well as their need to discuss mistakes with their peers.
Second, although bringing practice closer to theory is important, it does not pre-
clude learning from previous research reports. This is in line with Tsamir (2008)
who showed the effectiveness of using theories as tools in teacher education. Finally,
that participants felt it was less meaningful to analyze errors made by students they
interviewed may inform teacher educators who work with prospective teachers that
have limited access to field practice.

Studying cases can support prospective teachers’ analysis and reflection of their
own emerging practices (Masingila & Doerr, 2002). Thus, teachers’ preferences for
the different case sources and different ways of working with the cases may impact
on the way participants will use students’ mistakes during their future practice. The
positive views prospective teachers had with regard to learning from their own mis-
takes may encourage these participants to build on their future students’ mistakes as
part of their future teaching practice, instead of trying to avoid or simply “fix”
mistakes. Kaur (2009) suggested that an important element of good teaching prac-
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tice is to encourage students to learn from their mistakes, not only by stressing the
final answer, but by focusing on the kinds of mistakes made. Similarly, participants
added comments on their questionnaires stressing the importance of analyzing the
errors and not just fixing them. These positive experiences will hopefully impact on
their future teaching.
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