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Abstract: In order to teach successfully, future teachers should not only be educated about
students’ conceptions, but also about different forms of knowledge and classroom culture. In our
research, we examined whether the participation in the Internet-based challenging problem
solving community CASMI contributes to the development of the aforementioned awareness and
understanding in order to meet the needs of all students including the gifted ones. The results
obtained enabled us to note that the pre-service teachers’ perceptions of the project as a source of
enrichment are mainly positive. However, analyzing schoolchildren’s strategies, the participants
preferred to use pre-determined criteria instead of writing personal formative comments adapted
to the mathematical reasoning presented in the solution. Research shows that such comments
could enrich the feedback by better reflecting the diversity of the learners’ styles, thus helping
them to reach their full potential. We suggest more attention needs to be given to the analyses of
this diversity in pre-service teacher training and professional development in order to enable
teachers to differentiate their teaching.
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RATIONALE OF THE STUDY

What should future teachers know to teach successfully in a mathematical classroom that
becomes more and more diverse (in terms of children’s background and abilities) and at the same
time be inclusive? Setting up an early 21% century research agenda for teacher’s professional
development and teacher education, Even & Tirosh (2002) base their recommendations on an

important body of refereed literature that focuses on the development of mathematical awareness
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and understanding of student mathematics learning and thinking. According to them, this should
be coordinated by three major axes: educating about student conceptions, educating about
different forms of knowledge, and educating about classroom culture. A complex approach to
teacher education is thus needed in order to eventually help meet educational needs of children
struggling with mathematics and those of gifted ones who may get lost while not being
challenged enough (Diezmann, Thornton & Watters, 2003; Diezmann & Watters, 2005; Freiman,
2006; Freiman, Manuel & Lirette-Pitre, 2007; Johnson, 2000b; Kettler & Curliss, 2005;
Sheffield, 2003).

In our paper, we will examine whether participation in the Internet-based challenging
problem solving community CASMI contributes to the development of the aforementioned
awareness and understanding in order to meet the needs of all students including the gifted ones.
During the semester, pre-service teachers enrolled in mathematics education courses in two
Canadian universities were involved in the analysis of K-12 children’s solutions by giving them
an asynchronous feedback.

Working with a vision of the diverse and inclusive classroom, we keep in mind that gifted
students, independently of how we define and identify them, may need additional resources that
are not directly available in a regular classroom. Therefore, we believe that the Internet may
provide teachers and their students with appropriate activities for every child. Several studies
show that rich, contextual, and open-ended mathematical problems posted on a website can
challenge all children and give them an opportunity to produce new mathematical knowledge in
a situation when the answer is not obvious and the strategy is to be chosen or constructed by
using different ways of reasoning and communicating. This situation may be potentially fertile
for mathematically gifted learners, meeting their special needs for more challenge (Applebaum
& Leikin, 2007; Barbeau & Taylor, 2009; Diezmann et al., 2003; Diezmann & Watters, 2005;
Freiman, 2006; Freiman & Lirette-Pitre, 2008; Freiman et al., 2007; Johnson et al., 2007;
Johnson, 2000b; Kettler & Curliss, 2005; Leikin, Levav-Waynberg & Applebaum, 2008;
Sheffield, 2003). While the analysis of children’s mathematical production by pre-service
teachers has become an important part of mathematics education courses, little is known about
the impact of participation of pre-service teachers in online activities with schoolchildren and

even less about their capacity to guide young learner by means of asynchronous feedback.
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In our mathematics education classes, with pre-service teachers, we explore a variety of
solutions to mathematical problems submitted electronically by schoolchildren. We aim to help
pre-service teachers appreciate the diversity of such solutions and learn how to guide
schoolchildren in a personalized and caring manner, nurturing their curiosity, interest and
perseverance, which are very important for all children and especially for the gifted ones.

In our previous publications, we discussed some data about pre-service teachers’
perceptions of the CASMI project (Freiman, Vézina & Gandaho, 2005). In this paper, we will
report on our exploratory research in which we combined the information gathered from
questionnaires regarding pre-service teachers’ perceptions of the project with their feedbacks on
schoolchildren’s solutions. More precisely, two particular goals have been set for our enquiry:

a) to look at how pre-service teachers perceive their participation in the project regarding
online challenging problem solving as a source of enrichment.

b) to examine if, being faced with a multitude of problem solving strategies, pre-service
teachers are able to evaluate the correctness of students’ mathematical reasoning and to
provide them with an adequate feedback.

We found that very few research data are available on these questions. Therefore, our
study aims to contribute to a better understanding of teacher — student retroactive communication
on problem solving and to identify promising paths of improvement in pre-service teachers’
mathematics education, in order to enable future teachers to provide students with richer learning

opportunities.

THEORETICAL PERSPECTIVE

In order to understand the value of mathematical enrichment activities supported by the
virtual CASMI environment, we looked at the literature that analyzes the role of challenging
problems in today’s mathematics classroom and their importance for meeting the needs of gifted
students. We also searched for different studies on virtual problem solving environments and
formative feedback. In the next three subsections, we will briefly review the most pertinent
findings and recommendations from the studies that guided us in our data collection and data
analysis.
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Problem solving in today’s school mathematics and the needs of gifted students

In today’s mathematics classrooms, problem solving is seen as an important vehicle for
the enrichment of mathematical culture because it puts strong emphasis on the development of
abilities to communicate and to reason mathematically (OECD Program for International Student
Assessment, 2003). In Canada, more precisely, new approaches in teaching problem solving in
mathematics are following common trends set up by the NCTM Standards (2000). These trends
explicitly define the central role of problems in learning mathematics and the importance to use
mathematics as problem solving tools in real life interdisciplinary contexts, therefore facilitating
knowledge transfer (Tardif, 1999).

Whether it is in connection with problem solving or with the learning of mathematics in
general, it has been established that gifted students learn differently than their peers. The scale
defined by PISA (OECD Program for International Student Assessment, 2003) assesses several
levels of mathematical literacy. The highest level described by this scale features many
characteristics of mathematically gifted students. Among others, these students show insight in
the solution of problems, develop abilities in mathematical interpretation of problems in
real-world contexts (also see Krutetski’s (1976) notion of mathematical cast of mind), identify
relevant mathematical tools or methods in order to find solutions to problems set in unfamiliar
contexts, solve problems involving several steps, reflect on results and generalize findings and
use reasoning and mathematical argument to explain solutions and communicate outcomes.
Moreover, they usually are quicker at grasping concepts and the depth of their understanding
surpasses the one of other students (Johnson, 2000a). It is thus important to ask ourselves what
can be done to differentiate instruction for gifted students. Among others, Johnson (2000a)
makes these different suggestions:

- Students should be allowed to explain their reasoning (orally and in writing).
- Resources used in the classroom should be numerous and varied.

- Open-ended problems should be privileged.

- Students should be asked “why” and “what if” questions.

- Problems and activities should extend beyond the curriculum.
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Furthermore, studies conducted in the past decades, including studies of mathematical
giftedness, state the need for more challenging tasks for all students but also reveal a lack of
opportunities of solving such problems for students in the regular classroom (Barbeau & Taylor,
2009). However, a new approach to problem solving provided by virtual environments has the
potential to increase learning opportunities for students. Indeed, a growth in Internet-based
learning opportunities in mathematics can be observed. The technology itself is developing
towards socially friendly, flexible and dynamic environments in which many schoolchildren can
access virtual resources from school or from home. They can now get an instant interactive
access to more challenging mathematics, solve problems and submit their solutions using virtual
tools. Moreover, these new learning environments provide learners with a variety of contents
and tools, giving them the choice between multitudes of activities adapted to their particular pace
and needs. “Technology can provide a tool, an inspiration, or an independent learning
environment for any student, but for the gifted it is often a means to reach the appropriate depth
and breadth of curriculum and advanced product opportunities” (Johnson, 2000a, p. 5). One of
the elements that become important in such environments is the kind of feedbacks students
receive. Indeed, within the socio-constructivist teaching and learning paradigm, teachers need to
make valid references about children’s strategies (Willson & Kenney, 2003). This can be done,
among others, by giving high quality feedbacks about children’s solutions. In our paper, we will
focus on pre-service teachers involved in a mentoring task based on the analysis of

schoolchildren’s solutions to challenging mathematical problem solving online activities.

Virtual opportunities of challenging problem solving: assessing diversity

When students solve open-ended problems, they mobilize a multitude of resources
(Schoenfeld, 1989). This mobilization of resources is recognized as the use of a set of skills
(mathematical or not) by the Program for International Student Assessment (OECD Program for
International Student Assessment, 2003). It is through this mobilization of a set of resources and
a metacognitive reflection that students are able to elaborate not only divergent strategies for
solving problems but also several different solutions (Poirier Proulx, 1999).

Open-ended and challenging problem solving is therefore seen as a process where
students should be evaluated on the bases of their own ways of reasoning and communicating.

According to Lesh & Doerr (2000), the challenge for teachers is to maintain and nurture the
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diversity of students’ approaches, encouraging them to verbalize their thinking and explain their
strategies. One of the possible solutions is to make teachers familiar with a “Problems of the
week” model which proves to be an effective way to develop students into more independent
learners (Webb, 2003).

This type of model is found in the CASMI, an Internet-based learning environment.
Researchers argue that the use of such environments allows more schoolchildren to participate in
mathematically rich contextual problem solving activities. Pre-service teachers can thus learn
from students’ solutions by analyzing their reasoning and communication abilities (Charbonneau,
2000; Renninger & Shumar, 2002) in didactic contexts that are more practice oriented (Bednarz,
2004). In such contexts, teachers play the role of a mentor by guiding students in their learning.

Guiding students with an effective formative feedback

Formative feedback is defined as “information communicated to the learner that is
intended to modify the learner’s thinking or behavior for the purpose of improving learning”
(Shute, 2007, p. 1). Thus, the main goal of formative feedback is to help students understand
their errors and further their reasoning. But is all feedback good feedback? It has been recently
argued by Hattie & Temperley (2007) that feedback is “most effective when it aids in building
cues and information regarding erroneous hypothesis and ideas and then leads to the
development of more effective and efficient strategies for processing and understanding the
material” (p. 102). According to Shute (2007), formative feedback serving as a corrective
function should, at the least, indicate the correctness of students’ answers and provide
information about the correct answer. However, she specifies that a certain number of
researchers agree that feedback, to be more effective, needs to give information pertaining to the
improvement of the answer (instead of simply indicating the correctness of the work). Indeed,
unspecific feedback can be considered useless or frustrating by students.

Galluzzo, Leali, and Loomis (2000) identified key elements linked to an effective
feedback by resuming the works of Brophy. Among others, the authors insist that the teacher
must:

- give a feedback which is specific to students;
- not strictly put his focus on the students’ errors but also state the accomplishments;
- be specific in his comments (rather than global).
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The authors also underline the importance of the knowledge of the discipline taught.
Indeed, one cannot give a specific feedback if he or she is not comfortable with the discipline.

Shute (2007) did a review of the formative feedback literature and came up with these
nine guidelines to enhance learning (p. 30):

- Focus feedback on the task, not the learner.

- Provide elaborated feedback to enhance learning.

- Present elaborated feedback in manageable units.

- Be specific and clear with feedback messages.

- Keep feedback as simple as possible but no simpler (based on learner needs and
instructional constraints).

- Reduce uncertainty between performance and goals.

- Give unbiased, objective feedback, written or via computer.

- Promote a learning goal orientation via feedback.

- Provide feedback after learners have attempted a solution.

She also specifies three guidelines for high-achieving learners (p. 33):

- Consider using delayed feedback, especially for complex tasks.

- Use facilitative feedback, which aims to guide students by giving them comments and
suggestions in link with the problem that needs to be solved. Telling students what to do
is considered directive feedback rather than facilitative feedback.

- Verification feedback, which gives information pertaining to the correctness of the
answer, may be sufficient. On the other hand, elaboration feedback gives more
information to students, allowing them to correct their work.

Summarizing and projecting our literature review on our research questions, we claim
that the combination of challenging problem solving in an online environment and the
opportunity to analyze genuine schoolchildren’s solutions and to produce a formative feedback
provides us with an insight into pre-service teachers’ ability to evaluate and to guide students
based on the diversity of their strategies and solutions. In the next sections, we describe in more

details how we proceeded with data collection and data analysis.
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METHODOLOGY

In our exploratory study, we analyzed quantitatively pre-service teachers’ experiences
with the assessment of open-ended challenging problems in the online environment. According
to our two goals, we wanted to learn about pre-service teachers’ perceptions on the importance of
such experiences and their impact on future classroom practices regarding the use of the
enrichment activities with their students. We were also interested in the evaluation of the quality
of the feedbacks given by pre-service teachers. We thus studied their abilities to understand
children’s strategies and communication styles. In this section, we will describe the virtual
environment CASMI (Communauté d’Apprentissages Scientifiques et Mathématiques,
www.umoncton.ca/casmi)!, the mentoring activities in which the pre-service teachers were
involved and how these activities have been evaluated. We will also present the samples and data

collection tools.

Virtual environment

In the CASMI environment, schoolchildren are invited to solve challenging mathematical
problems and submit their solutions electronically (Freiman & Lirette-Pitre, 2008). Pre-service
teachers then analyze every solution and write a personal feedback. The problems of the week
are grouped in four categories according to their level of difficulty and posted online. These
problems present a variety of contexts to which schoolchildren are supposed to apply
mathematical concepts from all domains of school mathematics (arithmetic, algebra, geometry,
statistics).

Figure 1 (p. 11) presents one of the problems students had to solve in the CASMI. In this
problem, “The Valentine’s Day card”, students had to find the original width and length of a
piece of paper that had been folded. The problem contains a context familiar to French Canadian
schoolchildren and is attractive. A variety of answers can be produced, since the only constraint
is that the sum of the width and the length of the original piece of paper must be equal to 50
centimeters. Children with different abilities may extract different mathematical relationships

! Although the research project took place when the website was called CAMI (Chantier d’Apprentissages
Mathématiques Interactifs), the abbreviation CASMI will be used throughout this article in order to facilitate its

reading.
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representing and exploring them in many different ways. One solution submitted by a grade 6
student is presented in figure 2 (p. 11) and an extract from the personal feedback given to her by

a pre-service teacher is presented in figure 3 (p. 12).

The Valentine’s Day card

Valentine’s day is coming and Reuben decides to make a Valentine’s day card
for Sophie.

As you probably did before, Reuben takes a piece of red construction paper and
folds it vertically in two. He then folds the piece horizontally and finally draws

hearts and flowers while writing beautiful words of friendship everywhere.

The perimeter of the folded card is 50 centimeters. Find the length and the
width of the original piece of paper (before it was folded). Clearly explain

your reasoning.

Figure 1. Mathematical problem presented in the CASMI

The Valentine’s day card

If we unfold it, it’s going to be twice as big, and if we unfold it again, it’s
going to be twice as big again.

50 x 2=100
100 x 2= 200

Answer: 200 centimeters

Figure 2. Solution submitted electronically in the CASMI
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Extract from the feedback

I believe that you tried to find the perimeter of the original paper (before it was
folded). However, the problem was to find the length and the width of this
piece of paper. I invite you to verify your answer. | am sure that you can solve

this problem!!!

Thank you for participating. Bravo for your efforts! | wish to receive other

solutions from you in the next few weeks.

Figure 3. Extract from the personal feedback written by a pre-service teacher

The first paragraph of the extract from the feedback contains various aspects mentioned
in our theoretical framework. First of all, the fact that the student didn’t seem to understand
exactly was she was looking for is underlined and an "appropriate interpretation” of the question
is given. Moreover, the student is invited to review her work. Finally, a strong belief in the
child’s capacity to correctly solve the problem is visible. The second paragraph, written in the
last section of the feedback, values the student’s participation and efforts and aims to encourage
her to solve more problems in the CASMI in the near future.

While all children are asked explicitly to explain their reasoning, not all of them show
their work and sometimes, it is not obvious to see mathematical reasoning beyond the
explanations. All this may represent important challenges to pre-service teachers who are not
used to solving problems in different ways, analyzing reasoning and giving critical comments
back to students. Therefore, working within the CASMI environment, they get this genuine

opportunity to look at this variety of mathematics created by children.
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Participants

During the 2006 winter semester, a total of 70 pre-service teachers participated in our
research. Thirty-two were enrolled into the Middle School (5-8) Teacher Preparation Program
and 18 were enrolled in the High School (9-12) Teacher Preparation Program at Université de
Moncton. Twenty more were enrolled in the Secondary Mathematics Teacher Preparation
Program (7-11) at Université Laval. The collaboration between the two researchers never aimed
to make any comparisons between the two groups. There was no specific interaction between the
two groups. According to our theoretical perspective, we focused on each participant’s
perception using a survey and we assessed the quality of randomly selected feedbacks. In this
case, we can consider these two groups as one combined population (one group) rather than as

two different populations.

Instruments

During the semester, feedbacks were written to schoolchildren using an electronic form
built into the CASMI site (figure 4, p. 14)%. All pre-service teachers had to log-in individually to
assess solutions randomly assigned to them. Our form was divided in three sections. The first
section, Greeting, was situated at the beginning of the form and allowed pre-service teachers to
make a first contact with students by writing comments pertaining to their participation or the
efforts that were made, as well as general comments with regard to the submitted solution. The
second section of our form, the rubric, contained six different components used by Math Forum
to score solutions: interpretation, strategy, exactness in calculations, completeness, clarity, and
quality of reflection. We developed our own pre-built set of criteria according to the specific
features of each component. These criteria were presented as multiple choice items. Thus, in
their formative feedback, pre-service teachers could choose one of these pre-determined criteria
for each component. The chosen criterion could also be accompanied (or replaced) optionally by
an open comment, which permitted the personalization of the feedback. Finally, in the last
section of the electronic form called Signature, pre-services teachers could summarize their

thoughts about the student’s production and invite them to visit the CASMI again in order to

2 An English version of this electronic form is presented in appendix 1 (p. 29).
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solve more problems.

So, in every section of the electronic form, pre-service teachers were

capable of writing comments and thus of personalizing the feedback given to schoolchildren.

Section salutation :
Texte de |a salutation :

Section générale :
Section - Données

Analyse de la solution

(E? @ Tu as bien identifié les données importantes du probléme et tu les as ressorties!

.
“"1 {" ™ Tu as partiellement identifié les données importantes du probléme.
Iﬁ
=, Jaurais bien aime que tu ressortes les données du probléme. Cette étape est trés importante dans |a
! = résolution de probléme.
Commentaire

Section - Interprétation

™) L'objectif du probléme a &t bien compris et maitrisé! Bravo!

B
"\'T E’ @ L'objectif du probléme a &t& compris en partie et tu es sur la bonne piste pour compléter le probléme!

‘}-L ™) L'objectif du probléme a t& compris en partie. Yoid quelques pistes qui taideront & résoudre le probléme.

& =, L'objectif du probléme ne semble pas avair &t compris. Void quelques pistes qui taideront a résoudre le
= probléme,

Figure 4. Electronic form in the CASMI site

At the end of the semester, a questionnaire including open-ended questions as well as

multiple choice questions was distributed. The questionnaire was divided into ten sections,

pertaining to different aspects of the project: 1) General information on the participants; 2)

CASMI project and the didactics course; 3) CASMI project and the student doing mathematics;
4) CASMI project and teachers; 5) Appreciation of the CASMI website; 6) Accessibility of the

problems; 7) Problems’ content; 8) Functioning of the CASMI website; 9) Continuation of the

CASMI project; and 10) Use of the site with the preservice teachers’ future students. The

answers to the questions as well as the comments gathered in the questionnaire permitted us to
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collect qualitative and quantitative data concerning pre-service teachers’ perceptions pertaining
to the CASMI project and teacher training as well as to the CASMI project and teaching and
learning mathematics. The multiple choice questions employed a four-point Likert scale:
1 = Completely in agreement, 4 = Completely in disagreement.

Procedures

Université de Moncton.

At the Université de Moncton, pre-service teachers enrolled in the Elementary (K-8)
Teacher Preparation Program must take two courses in mathematics education. Within each
course, they conduct a project related to CASMI. Most of the pre-service teachers participating
in our project were enrolled in their second math education course and were already familiar
with the resource. While during the first course they are required to do reflective analyses of their
experience and are guided by the course instructor in their assessment process, the second course
requires more autonomous work and better quality of feedback. Fifty students evaluated up to ten
solutions each. During the math education classes, each problem as well as different ways of
solving it and communicating related strategies were discussed. Pre-service teachers thus

understood the problems before having to assess schoolchildren’s work.

Université Laval.

The participants at Université Laval were all enrolled into the Secondary Mathematics
Teacher Preparation Program. In this program, pre-service teachers have to take three courses in
mathematics education. Within the framework of our research project, twenty pre-service
teachers enrolled into their third and final math education course received a brief presentation of
the CASMI, which they were not familiar with. A document explaining the evaluation rubric
and presenting examples of feedbacks was also given to them. In a four weeks period, each

pre-service teacher evaluated a total of twelve productions submitted by students.

At the beginning of each week, before they received students’ productions, pre-service
teachers had to solve the four “problems of the week” presented in the CASMI. These problems
were then revised in class. This revision made it possible to avoid any confusion that could be
allotted to the various problems. Moreover, pre-service teachers were asked to present different

strategies used when solving these problems. Therefore, they were made aware of different ways
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to solve one problem. It is important to note that the pre-service teachers’ feedbacks were strictly
evaluated on formative bases. Following each week, comments pertaining to pre-service
teachers’ feedbacks were emitted by the professor. These comments made it possible for the

pre-service teachers to adjust their formative evaluations week after week.

Data Analysis

A total of 65 pre-service (47 from Université de Moncton and 18 from Université Laval)
answered the questionnaire. A theme analyses of the qualitative data collected in the
questionnaire was realized. Frequency distributions were calculated to analyze the multiple
choice items.

In addition to data from the questionnaire, we analyzed formative feedbacks written by
pre-service teachers. Out of a total of 924 schoolchildren’s solutions submitted to ten problems
posted during the semester, we randomly selected 200. We developed and validated an
evaluation grid containing 53 variables®. These variables reflected elements reported in our
theoretical framework and were divided into nine categories. The first category was General and
it permitted us to determine the correctness of students’ answers and then check if pre-service
teachers had identified that answer as being correct or incorrect. The same variables were
repeated for the next two categories, Greeting and Signature. We were interested to see if
pre-service teachers added personalizing elements to their message (i.e. smiley, humor, etc.) and
if they congratulated students on their work or thanked them for participating. Elements of
feedbacks more directly in link with the mathematical aspect of the student’s solution also
interested us. For each of our six components, we evaluated if pre-service teachers had chosen
the appropriate criterion in the pre-built set of multiple choice items specific to these
components. Ideas present in the feedback examined were analyzed. For each idea, we checked,
among others, if pre-service teachers underlined the correctness of the answer, the correctness of
the reasoning and if they identified students’ errors. Elements more linked with the quality of
feedbacks, like specificity or reference to students’ work, were also evaluated. In addition to

that, we checked if pre-service teachers gave facilitative, verification or elaboration feedback.

*Some of these variables were repeated for every criterion or for every different idea present in a comment. The

evaluation grid thus contains a total of 271 variables.
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This analysis enabled us to gather information about the quality of submitted solutions by

the students as well as the quality of the feedback provided by the pre-service teachers.

Resume and Analyses of the Most Important Findings

a) How do pre-service teachers perceive their participation in the project regarding
their future work on challenging problem solving in the mathematics classroom?

The participation in the CASMI project allowed pre-service teachers to analyze concrete
solutions of real schoolchildren. The first part of our analyses concerned pre-service teachers’
perceptions of the CASMI project and according to the previously described elements of our
questionnaire, we found that 84.6 % of participants agreed or strongly agreed that their feedbacks
were important for schoolchildren. Eighty percent found that the project helped them better
understand schoolchildren’s reasoning and 67.7 % found that it helped them better understand
the problem-solving process in mathematics. Moreover, 83.1 % affirmed that they had learned
more about formative feedbacks, 66.1 % say that the project gave them the chance to review
mathematical concepts, and 78.5 % of pre-service teachers said that the project gave them ideas
for teaching. Finally, 81.5 % of them agree or strongly agree that the CASMI project not only
enables teachers to differentiate their teaching but also enriches the mathematics curriculum.
The complete results on pre-service teachers’ perceptions of the CASMI project are presented in

table 1 (next page).
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Table 1

Pre-service teachers’ perceptions of the CASMI project

Completely in In agreement In disagreement Cpmpletely n | don’t know
agreement disagreement

Frequency %  Frequency % Frequency % Frequency % Frequency %
Your feedback is important
for the student 40 61.5 15 23.1 2 3.1 1 1.5 6 9.2
The content of the
problems enriches the math 26 40.0 27 41.5 7 10.8 3 4.6 0 0.0
curriculum
The project...
helped me to understand 7 10.8 45 69.2 10 15.4 3 4.6 0 0.0
the student’s reasoning
helped me better
understand the problem- 10 15.4 34 52.3 15 23.1 5 7.7 1 15
solving process in math
allowed me to perfect my
techniques in formative 18 27.7 36 55.4 6 9.2 3 46 2 3.1
evaluation in math
allowed me to review math
concepts 19 29.2 24 36.9 15 23.1 5 7.7 1 1.5
gives teachers ideas for
math courses 28 43.1 23 35.4 11 16.9 1 1.5 2 3.1
allows teachers to
differentiate their teaching 19 29.2 34 52.3 7 10.8 1 1.5 4 6.2
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The results obtained from the analyses enable us to note that the pre-service
teachers’ perceptions of the CASMI project as a source of enrichment are mainly positive
in all aspects of the questionnaire. Those results are consistent with our previous data
(Freiman et al., 2005). However, in this study, we decided to conduct an in depth
analyses of the quality of the feedbacks given by pre-service teachers in order to track
their abilities to assess students’ solutions and to guide them, in the process, towards
better problem solving strategies. The second part of our analyses, concerning the types

of feedbacks given by pre-service teachers, is presented in the next section.

b) Being faced with a multitude of problem solving strategies, are pre-service
teachers able to evaluate the correctness of students’ work and to provide students with
an adequate feedback in order to guide them and to help them improve their problem
solving skills?

Our methodological framework defined certain aspects that are important when
giving a feedback. Among those aspects, pre-service teachers need to be able to assess if
the solution submitted by a student is correct. It is also important for schoolchildren to be
guided and to get feedback which is directly linked with the work they have done.
Keeping this in mind, we analyzed 200 feedbacks given by pre-service teachers in order
to study their ability to evaluate students’ work and to give a quality feedback. We found
that in 78.5 % of cases, pre-service teachers were able to correctly identify if students’
answers were correct. They made an incorrect evaluation 10.5% of the time
(i.e. indicating to a student that his answer was correct when it wasn’t and vice versa)
(table 2, p. 21). Moreover, for each component of the evaluation rubric, pre-service
teachers were invited to choose a criterion specific to the component and linked with the
student’s work (table 3, p. 21). They chose the appropriate criterion 70.0 % of the time
for the component Interpretation, 72.5 % of the time for the component Strategy and
72.0 % of the time for the component Clarity. This percentage goes up to 79.0 % in the
case of the component Correctness, 77.5 % for the component Completeness, and 80.0 %

for the component Quality of reflection.
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Table 2
Choice of the criterion in order to identify if the student’s answer was correct

Frequency Percent

No criterion selected 3 1.5
Incorrect choice of criterion 21 10.5
Partially correct choice of criterion 19 9.5
Correct choice of criterion 157 78.5

Total 200 100.0
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Table 3
Choice of the criterion specific to the component

o Incorrect choice of Partially correct choice Correct choice of

No criterion selected o L -
criterion of criterion criterion

Component Frequency Percent Frequency Percent Frequency Percent Frequency Percent
Interpretation 7 3.5 11 55 42 21.0 140 70.0
Strategy 9 4.5 29 145 17 8.5 145 72.5
Clarity 19 9.5 13 6.5 22 11.0 144 72.0
Exactness in calculations 10 5.0 20 10.0 12 6.0 158 79.0
Completeness 14 7.0 13 6.5 16 8.0 155 77.5

Quiality of reflection 14 7.0 14 7.0 10 5.0 160 80.0
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Since every feedback could be personalized by writing a comment, we then asked
ourselves which kind of analysis and recommendations were present in the individual
comments that were written. The analyses of the 200 feedbacks given by pre-service
teachers shows that 70.5 % of these feedbacks place little or no importance on the
successes of students and tend to strictly focus on their errors or on challenges for them to
overtake (table 4, p. 22). Moreover, although the majority of comments do refer
implicitly to schoolchildren’s work, 60.5 % of them are general and lack in precision
(table 5, p. 22).

Table 4
Feedback in the form of positive feedback or focusing on the student’s errors

Frequency Percent

Positive feedback 161 29
Focusing on student’s errors or on challenges 391 70.5
Total 552 99.5
Table 5

General or specific comment

Frequency Percent

General comment 336 60.5
Specific comment 219 39.5
Total 555 100.0

Thus, the problem may not reside as much in the criteria-based assessment of
students’ answers as in the (informal) feedback they give (or do not give). Among the
200 solutions that were analyzed, 100 contained some incorrect reasoning or calculation
mistakes (table 6, p. 23). Our findings show that for 81.0 % of these solutions, at least
one comment, directly linked to one of the components in the rubric, was made by pre-



TMME, vol8, nos.1&2, p .311

service teachers (table 7, p. 23). However, even though 81.0 % of the incorrect solutions
were commented on at least once, in several cases (i.e. for several components), pre-
service teachers seemed to be satisfied by choosing one of the pre-determined criteria and
didn’t write any comments in order to enrich their feedback. We do not know why they
did not take the time to write more comments. In our future work, we will need to
conduct interviews with the participants in order to learn more about their reasons for

choosing a particular criterion over another.

Table 6
Correctness of the student’s answer

Frequency Percent

No answer 1 0.5
Incorrect answer 100 50.0
Partially correct answer 36 18.0
Correct answer 63 315
Total 200 100.0
Table 7

Feedbacks given to students whose answers contained some incorrect reasoning or
calculation mistakes

Frequency Percent
No feedback 7 7.0
Feedback directly linked to one of the six
. 81 81.0
components of the rubric
Feedback given in the sections Greeting or Signature 12 12.0
Total 100 100.0

Moreover, they do not seem to fully appreciate the diversity of students’
approaches which, according to Lesh & Doerr (2000), is a challenge for teachers. It is
important for them to maintain and nurture that diversity. The pre-service teachers that

participated in our study were not in a guiding mode and did not encourage
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schoolchildren to further their reflection. Indeed, instead of being built on students’
work, comments that were written strove students’ thinking towards pre-determined

answers which is contrary to current tendencies in mathematics education (Astolfi, 2006).

CONCLUSION

This study draws its originality from the fact that it focuses not only on pre-
service teachers’ perceptions but on the link existing between these perceptions and the
quality of their formative asynchronous feedback. Linking pre-service teachers’
perceptions of what an Internet resource on problem solving can bring to improve
mathematics teaching and learning to their ability to analyze children’s thinking, we
aimed to develop practical recommendations on how to build more solid assessment
competences in pre-service teachers.

Participation in the online project allowed pre-service teachers to experience new
mathematical problem solving approaches which stress the use of a multitude of
strategies and communication means by schoolchildren. They perceived their experience
as valuable since it permitted them to better understand the problem solving process and,
in particular, children’s ways of communicating their reasoning. They observed that
some problems allow different data interpretation, different solving strategies and
sometimes different answers.

Some strategies may be plausible, even ingenious. Others may contain
misinterpretations, misconceptions, or alternative views. In order to be able to guide
children through their learning, pre-service teachers have to become competent not only
in mathematics but also in feedback pedagogy, which sometimes work in the counter
direction of the traditional didactical contract (Brousseau, 1986, 1988, 1998; Poirier,
2001). When communicating with schoolchildren about problem solving, our pre-service
teachers get the chance to work on contextual open-ended problems revising their own
views of problem solving and its role in mathematics learning. They also reinforce their
own conceptual understanding of mathematics and develop a better understanding of how
children think and explain their thinking. While writing feedbacks, pre-service teachers
put in practice their ability to understand the problem itself and to guide children towards

better problem solving strategies (Freiman et al., 2005; Metallidou, 2009).



TMME, vol8, nos.1&2, p .313

It’s not easy to understand a child’s reasoning when it is expressed out loud.
Asynchronous assessment is even more challenging because there is no opportunity to
give feedbacks in another way than written comments. But our data shows a lack of such
personal comments. The comments’ general character may be a result of the pre-service
teachers’ lack of mathematical background as well as lack of time. If the first two issues
can be address by better teacher training strategies, the last one may raise a concern.
Indeed, when schoolchildren are allowed to use a variety of strategies and
communication means, teachers must give feedback to every one of them. If pre-service
teachers don’t have the time to do it with 10 students, how will they find the time to do it
with 30 students, and possibly 30 different strategies? Are changes necessary to the

school system or to the working ethics of pre-service teachers?
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Appendix 1. English version of the electronic form in the CASMI site

Analysis of the solution

Section Greeting:

Greeting text: -

General section:

Section - Data:

T

@  You correctly identified the important data of the problem and you wrote them down.

_k*

You partially identified the important data of the problem.

]
B

| would have liked for you to write down the data of the problem. This stage is very important

by o in problem solving.
Feedback

Section - Interpretation:
(f? ) The goal of the problem was well understood and mastered. Bravo!
\;l;.l- 1

@ The goal of the problem was partially understood and you are on the right track to complete the problem.
.‘l‘ 1 The goal of the problem was partially understood. Here is some advice which will help you solve the problem.

ﬁ The goal of the problem does not seem to have been understood. Here is some advice which will help you

solve the problem.
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