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In this article, we report on an exploratory study on

teaching practices related to problem solving of a group

of 29 novel secondary mathematics teachers. For this

purpose, two independent instruments were designed,
thefirst oneisbased onlesson observations, and the sec-
ond oneis a questionnaire answered by teachers about
their teaching practices while working on non-routine

problem solving with their students. For each instru-
ment, we perform a statistical analysis to define relevant

dimensions regarding problem solving teaching practic-
es and we compare these new dimensions. We find that

results from the two instruments are coherentinthe case

of quantity of problem solving in lessons and quality of
teaching practices. These results are encouraging for
further studies in this direction.

Keywords: Problem solving, observed teaching practices,

self-reported teaching practices.

THE IMPORTANCE AND CHALLENGE OF
ANALYZING TEACHING PRACTICES

No doubt that the analysis of teaching practices is cru-
cial for many aspects of education, for teacher, school
or program evaluation, for more general purposes
of defining and understanding good practices or for
theoretical studies aiming to understand the teach-
ing-learning process.

Methods used to collect teaching practices data have
an ample variety, for example teachers/students re-
ports, lesson observations and questionnaires, just
like the type of analysis done with these data that
could be qualitative, quantitative or a vast variety
of mixed approaches. Having all of them advantages
and disadvantages, depending on the type of collected
dataand the analysis method used, the research could
show in-depth, small-scale results as in the case of
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qualitative analysis of videotaped lessons, or a more
general view of teaching practices as in the case of
quantitative analysis of teachers’ surveys.

In particular, the analysis of teaching practices
through questionnaires is of great value since it al-
lows studies with a high number of teachers. PRIMAS
project is an example of this analysis, in which teach-
ers’ self-reported practices ininquirybased learning
indifferent countries are described (Engeln, Euler, &
Maaf3, 2013). On the other hand, teaching practices
observations by aresearch team, without the teacher
intervention (external analysis), has been widely used
in mathematics education too. These analyses have
been conducted with different purposes: to study a
specific feature of teaching and compare different
types of teaching practices in relation with this fea-
ture, for example the mathematical quality of instruc-
tion (Hill et al., 2008) or the presence of mathemati-
cal elements as definitions, properties or processes
(Badillo, Figueras, Font, & Martinez, 2013), to identify
teachers’ participation patterns in the class (Skott,
2013) or to analyze attributes of teachers that could
affect their teaching practices, for example their be-
liefs about mathematics and teaching (Stipek, Givvin,
Salmon, & MacGyvers, 2001).

Nevertheless, how self-reported practices and exter-
nally observed practices are related is not an obvious

issue. Important differences may come from distinct

conceptions of “practices”, that is, the researcher has

something in mind which differs from what teacher

have in mind or they may come from biased answers

based in social desirability.

To sum up, there are many important reasons to ana-
lyse teaching practices and, at the same time, collect-
ing data to do that is a critical point (Maaf} & Artigue,
2013).
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Our interest in methods for collecting teaching prac-
tices data is in the context of a R&D project related

with mathematics teacher’s professional development

on problem solving practices. In this project, teachers

design and implement problem solving lessons with

their students, which are later discussed jointly be-
tween teachers and researchers. In the context of two

previous projects we have designed two instruments

to collect data from practices from a group of sec-
ondary mathematics teachers: a Lesson Observation

Rubric (LOR) and a Questionnaire about Problem

Solving (QPS). We are interested in the information

that canbe obtained from each instrument separately
and we want to explore on the information that can

be drawn using both instruments at the same time.

The research question of this study is: Which are the

dimensions that characterize teaching practices in

relation with problem solving when using each of the

two instruments and how do they correlate? To an-
swer this question is relevant from a data collection

methodological point of view and also for deepening
inthe understanding of the teaching practices related
with problem solving.

TEACHING PRACTICES RELATED
WITH PROBLEM SOLVING

The framework for designing research instruments
and analysing data to answer our research question
includes a conception of problem and of teaching prac-
tices that promote students’ work in a mathematical
environment.

We agree with Schoenfeld (1985) considering that

Being a problem is not a property inherent in a
mathematical task. Rather it is a particular re-
lationship between the individual and the task
that makes the task a problem for that person|...]
if one has already accessed to a solution schema
for a mathematical task, that task is an exercise
and not a problem. (p. 74)

Other characteristic that some authors give to a
problem is that it needs more time to be solved (e.g.,
Kloosterman & Stage, 1992).

Our experience with in-service teachers shows that
some teachers think that a problem is just a math ex-
ercise contextualized in the “reality”, and that many

teachers use the term “non-routine problem” to refer
to what Schoenfeld call “problem”. In order to face
this common misconception among Chilean teachers,
the QPS teachers answered starts with the following
definition:

We are going to consider that anon-routine prob-
lem is one where the person that solves it doesn’t
know a strategy or algorithm to solve it. Some of
the characteristics that non-routine problem usu-
ally have are: They need more reflection and time

than regular problems or exercises; they cannot

be solved with a simple rule or just remembering
and applying a known fact; usually they can be

solved using different strategies; they can have

one or more solutions; they are challenging for
the person that is solving them and they don't

have to be confused with problems with real con-
text, to have or not real context doesn’'t determine

anon-routine problem.

In relation with teaching practices the key pedagogi-
cal aspect of problem solving tradition is that students
have to think mathematically. To accomplish this it is
necessary to have student centred teaching practices
and a climate that support for the autonomy. Swan
(2006) uses the term “student-centred’ to describe
practices where

[TThe teacher takes students’ needs into account
when deciding what to teach, treats students as
individuals rather than a homogeneous body;, is
selective and flexible about what is covered and
allows students to make decisions, compare dif
ferent approaches and create their own methods.
Mathematics is seen as a subject open for discus-
sion. It is not necessary to cover everything on
the syllabus and time may be taken to explore
and discuss. (p. 63)

METHOD

Participating teachers

This study considers teaching practices from 29 nov-
el secondary mathematics teachers (between 1 and
4 years of teaching) randomly selected from gradu-
ates of three of the Chilean reference universities
for teacher formation (10 teachers from two of the
universities and 9 from the other one).

3023



Problem solving teaching practices: Observer and teacher's view (Patricio Felmer, Josefa Perdomo-Diaz, Valentina Giaconi and Carmen G. Espinoza)

Each teacher selected a class, in which he/she was
teaching, to be observed during three consecutive
lessons. The level of each class went from 7% to 12t
and the topic treated during the observed lessons
was varied, like numbers, algebra or geometry. Some
months later (from 6 to 12 months) teachers answered
aquestionnaire about their teaching in relation with
problem solving practices taking into consideration
the same class that was observed.

Classroom observation

For each teacher, three consecutive lessons of the se-
lected class were observed and coded (2 live lessons
and 1video recorded lesson), completing 270 minutes
of observation. It was chosen to observe only three
lessons since, according to methodological research
findings; no significant information is obtained by
observing more than 3 lessons (Hill et al., 2008). A
lesson observation rubric (LOR) was designed to code
lessons by sections of 7.5 minutes. The LOR is divided
in three main parts described next, with 14 practice
indicators in total.

Work dynamics: in this part, the rubric identifies if
time is dedicated to mathematics or not and the gen-
eral way teacher and students interact. It is a first
approximation to know if the lesson focus is on the
teacher or the students. There are 5 indicators: down
time (DT), direct instruction (DI), individual work
(IW), group work (GW) and class work (CW). Each
7.5 minutes the indicator which is most observed is
marked.

Class management: in this part, more specific char-
acteristics of teaching practices are collected using 7
indicators: teacher does not participate (TNP), teacher
makes questions (TMQ), teacher returns responsi-
bility (TRR), teacher does not answer (TNA), teacher
gives solutions (TGS), non-routine intervention of
a student (NRIS) and teacher promotes discussion
(TPD). When one of these indicators was observed
during a segment it was marked.

Type of task: in this part, the type of mathematical task
was collected using 2 indicators: routine task (RT) and
non-routine task (NRT), depending if student were
performing routine or non-routine tasks. Just one of
them was marked in each time segment except in the
case both were present during a very similar amount
of time.

For our analysis we use all variables described above
as percentages. In the case of DT, DI, IW, GW, CW, RT
and NRT they are the percentage of segments were
the indicator was marked, for example if for a teacher
9 segments out of 36 were marked non routine task,
his score in NRT was 25%. In the case all the other var-
iables, they are percentages of the total number of
variables marked in the three lessons, for example
if TRR was marked 3 times in the 36 segments and all
other variables were marked 15 times, TRR was 20%

Questionnaire (QPS)

The questionnaire answered by teachers (QPS) is de-
signed to measure the quantity and quality of problem

solving (PS) activities used by them. The QPS starts

with the definition of non-routine problem indicated

in the framework (section 2) and it requires teachers to

answer considering that definition. The questionnaire

was answered through an online form sent by e-mail.

Quantity of PS was measured asking about the fre-
quency of use of PS in their lessons with one item
with options from 1 (never) to 5 (almost every les-
son). Quality of PS was measured with 19 items (see
Appendix A) based in scales of autonomy support-
ive climate (Leroy, Bressoux, Sarrazin, & Trouilloud,
2007) and scales to measure the level of student-cen-
tred approach and teacher-centred approach (Swan,
2006). Also some items were created to complete our
view of a good problem solving activity as indicated
inthe framework. The teachers were asked to answer
each question with the following prompt “When I use
non-routine problems”. Each item in this part has 6
options in a Likert scale ranging from 1 (never) to 6
(always).

Statistical methods

To summarize the variables from each instrument we
made a Principal Components Analysis. The purpose
of this analysis is to create interpretable and reliable
scales that allow us to simplify and organize the data,
understanding the limitations of using this method
with low number of individuals. We made the analysis
over the correlations matrix and, in order to have
more interpretable results, we applied a Varimax
rotation. The number of factors was chosen with the
analysis of the scree plot. We define new scales aver-
aging the items that had the biggest loadings in each
factor. Ifa factor had items with negative and positive
loadings we multiplied the items with negative load-
ings by -1 after calculating averages and reliabilities.
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In the case of QPS, the principal components anal-
ysis was made with a bigger sample (N=240) of sec-
ondary and primary mathematics teachers applying
for participating in a Problem Solving Workshop.
Nevertheless, when we look for correlations between
variables of both research instruments we used the
common sample of 29 novel secondary mathematics
teachers described at the beginning of the section.

ANALYSIS

Dimensions characterizing teaching

practices by external observation

The statistical method applied to data from the LOR
retained 4 factors explaining 71.2% of the total vari-
ance. The first factor explains 27.9 % of variance and
the items with highestloadings were GW, TNP, TMQ(-)
and DI(-) (the items with (-) had negative high loadings).
With these items we create the new scale or dimen-
sion Classroom Management with a Cronbach’s alpha
of 0.681. We interpreted this factor as adimension that
describes the class management because a high pos-
itive score in this factor means that the teacher used
most group work (GW) without intervention (TNP)
and a negative score means that the teacher used most-
ly direct instruction (DI) and make questions (TMQ).

The second factor explains 16.2% of the variance and
the items with highest loadings were TGS(-), NRT, TRR
and CW. With these items we create the new scale
or dimension Quality Practices with a Cronbach’s al-
pha of 0.62. This factor put together variables that
we presented in our framework as related with a
good problem solving activity. First the frequency
of non-routine tasks (NRT) and return the responsi-
bility (TRR) are key variables. To have the frequency
of working with whole class (CW) also makes sense,
because CW was distinguished from direct instruc-
tions (DI), and only was coded if the protagonist were
the students and they were working in amathematical
task. Teacher return responsibility was coded when
atthe moment of been asked teacher answered with a

question or guide that allows the student to build, de-
velop or discover a mathematical idea. The frequency
of teacher gives solutions (TGS) has a negative load-
ing; this makes sense to us because a teacher that gives
the answers Kills any attempt to think. So, having a
high score in this dimension means that a teacher has
a high frequency (compared with the other teachers)
of non-routine tasks, returns the responsibility to stu-
dents, uses whole class discussions and usually does
not give the answers or solutions to their students.

The interpretation of the other two factors was not
clear enough so we decided not to use them in the sub-
sequent analysis. Studies with larger samples would
be necessary to clarify these factors.

Dimensions characterizing problem solving
teaching practices by teachers’ self-report

The statistical method applied to data from the QPS
retained 4 factors explaining 67.9% of the total vari-
ance (see Table 1) The first factor is formed with items
that indicate students’ behaviour denoting student
centred practices, for example student’s discussions
(8,16) and work independently (3). The second factor
was formed by items that indicate teacher’s behaviour
describing student centred practices, for example the
teacher promotes that students takes their time (12)
and guides with questions (11). The third factor is
interpreted as a teacher centred dimension because
most of the items situated the teacher as the protag-
onist. The last factor is about class organization be-
cause a high value in the factor means that teachers
group their students (1) and a low factor means that
teachers set their students working individually (6).
Since this dimension has a very low reliability we do
not use it for the correlation analysis.

In the next two sections we will combine the infor-
mation obtained with the analysis of data from both
research instruments: LOR and QPS.

Factor % of Variance | Items with highest load- | New Dimension Reliability Cronbach’s alpha
ings

1 31.8 8,13,16,14,19,3,4,9,7 | Student centred (students) 0.919

2 16.2 12,18,511 Student centred (teacher) 0.841

3 12.9 17,10, 2,15 Teacher centred 0.768

4 7 6(0),1 Class Organization 0.291

Table 1: Description of factors and the new dimensions from the QPS
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Relation between observed and self-

reported quantity of problem solving

Regarding the quantity of problem solving, the QPS

has one item asking explicitly for the frequency of
non-routine problems, and the LOR has an indicator

of non-routine task. The correlation between the av-
erage of observed non-routine task and self-reported

quantity of non-routine PS is r=0.447, p=0.015, N=29.
This shows that information reported by teachers is

not so different from information registered in les-
sons observations, in relation with the quantity of
non-routine tasks or problems used with students of
the observed sample. Nevertheless there are some par-
ticular cases as teachers reporting they use PS most

of the time and where non-routine task was not coded
during the observed 31essons. Cases like this require

adeeper analysis we expect to make in a future study.

Relation between observed and self-reported
quality of problem solving

In the analysis of the relation between the observed
and self-reported quality of problem solving teaching
practiceswe have torecall that all 19 items of QPS were
answered under the prompt “When I use non-routine
problems”. This lead us to consider with a different
weight the answers to items, depending on the re-
ported frequency of use of PS in classes: we multiply
the answer of each item by 1, 2, 3, 4 or 5 according to
frequency of use of PS reported by the teacher.

In the following table, we present correlations be-
tween the new reliable dimensions obtained through
principal components analysis starting with data
from LOR and from QPS.

Regarding the dimensions from the QPS, we high-
light the significant high value between the Student
centred (student) and Student centred (teacher), di-
mensions 1 and 2, which may be interpreted as coher-
ence in the answers of the teachers, those teachers
that have a student centred practices have students
performing student centred activities. In the same di-

rection the significant positive correlations between
3 with 1 and 3 with 2 suggests a sort of incoherence
in teacher’s answers. However, having weighted the
items answered by teachers with a weight based on a
question in the same QPS (quantity of RP) may have
increased artificially the correlations between the
variables within QPS.

The most important result in Table 2 is the signifi-
cant correlation between the dimension 5 with the

dimensions 1 and 2. In this case, we are correlating
dimensions obtained through our statistical analysis

for the two instruments, LOR and QPS. These three

dimensions express quality in teaching practices re-
lated to problem solving measured with two different
instruments. These findings are in the same direction

as the positive correlation between the frequency of
observed non-routine task and self-reported quantity
of non-routine PS mentioned above, telling that the

two instruments are coherent. Certainly the results

of this analysis are not conclusive, but it encourages

going deeper in the analysis and tuning of these two

instruments with larger samples.

DISCUSSION

We would like to summarize some results found with
each LOR and QPS instrument, highlighting those
characteristics of teaching practices related with
problem solving where both instruments coincide.
This is to be done having in mind that this is an ex-
ploratory study and that the instruments were not
designed for information triangulation purposes.
Teaching practices are multidimensional in nature,
nevertheless a principal components analysis of both
instruments lead us to summarize the information
obtained through a big quantity of indicators, (14)
anditems (19), in two main types of dimensions: those
related with classroom management or classroom
organization and those linked with teaching practices
promoting students development of problem solving
skills and autonomy, in the terms described in our

1 2 3 4 5
QPS 1. Student centred (student) _
QPS 2. Student centred (teacher) 0.858** _
QPS 3. Teacher centred 0.549** 0.583** ~
LOR 4. Classroom Management 0.143 -0.018 0.275 _
LOR 5. Quality Practices 0.369* 0.543** 0.178 -0.075 .

Table 2: Correlations between the new QPS and LOR dimensions **p < 0.01 *p < 0.05
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framework. From our point of view, this is an inter-
esting result although, since both instruments are
new, further research is needed to prove the stability
of these dimensions.

Correlations indicated some coherence between the
information obtained with both instruments. For ex-
ample, teachers that reported to use more non-routine
problem solving activities were the same for whom
non-routine task was coded in the external observa-
tion of the lessons.

Correlations between dimensions in the case of ob-
served teaching practices point to that there isnorela-
tionship between classroom management and quality
practices.

Correlations between the three dimensions express-
ing quality in teaching practices related to problem
solving measured with two different instruments were
high and significant, showing that the two instruments
are coherent in this crucial dimension of our analysis.
This is the most important finding in our study that
encourages to conduct further studies in this direction.

To sum up, both instruments became useful to iden-
tify dimensions related with teaching practices on
problem solving and there was coherence between
the information obtained using each of them, what it
is interesting from a methodological point of view, es-
pecially having in mind that classroom observation is
very expensive in relation to questionnaire answering.

Moreover, it will be interesting to investigate if ob-
tained dimensions for problem solving teaching prac-
tices are stable or not, taking a bigger sample, and go
deeply in some cases with a qualitative study thatlet us
tounderstandbetter some of the results of this analysis.
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APPENDIX A: QPS

We present an English translation of the items. The
original version was applied in Spanish. The items
with an (i) are considered to measure practices that we
hypothesized are not related to good problem solving
activities.

1) Iorganize my students working in groups

2) If my students take too much time in find the
solution of a problem, I solve it in the board. (i)
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3)

4)

5)

6)

7)

8)

9

10)

11)

12)

13)

My students solve problems independently

My students express their different strategies to
solve their problems even though they are wrong

I walk around the tables watching my students
work

I organize my students working individually (i)
Usually I get amazed with my students ideas

My students are able to discuss with each other
different ways to solve non-routine problems

I use plenary discussions with all the class

My students depend too much on my help tomove
forward with the problems (i)

If astudent is too frustrated with a problem, I try
to guide him/her only with questions

I promote students to take time to solve non-rou-
tine problems

My students generate different solution strat-
egies

14) My students make interesting questions

15)

16)

17)

18)

19)

If a student is too frustrated with a problem, I
show him/her how to solve it (i)

My students discuss their own mistakes

My students progress too slow in the problems
resolution (i)

I ask questions all the time

My students explore new problems arising as a
result of the problems we are working on
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