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ABSTRACT

The purpose of the study is to reveal a mathematics teacher’s
views regarding the development of 6th grade students’ cognitive
modelling competencies and modelling implementation process.
She conducted a long-term modelling sequences aiming at the
competency development and was interviewed after the imple-
mentation process. Her answers were analyzed by using con-
tent analysis and the views were gathered under some themes
and codes. It was seen that the views were shaped under seven
themes as providing the development of each modelling compe-
tency, development of cognitive modelling competencies, factors
contributing the development of cognitive modelling competen-
cies, factors preventing the development of cognitive modelling
competencies, implementation process, future implementations
and factors required to be fixed in the implementation process.
Some strategies supporting the development of the cognitive
modelling competencies were appeared from her statements.
She also indicated her general thoughts about the strengths and
weaknesses of the implementation process. It is suggested for
further studies to utilize the factors and strategies revealed in the
study for planning modelling implementations.
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Introduction

Mathematics education researches in recent years
become focusing on learning activities in which stu-
dents are engaged in searching solution ways for
the problems to be encountered in their daily lives.
Mathematical modelling which can be used both for
aim and method in such learning activities gains im-
portance and is given a place in curricula of different
countries since 1980s. In the didactic discussions,
the question of how mathematical modelling and its
applications can be integrated into daily school les-
sons is discussed (Maaf, 2006). In this integration
process, to what extent students have modelling
competencies while working on modelling tasks and
whether they can use them effectively have also
been the scope of the studies. Modelling competen-
cies, which are frequently discussed in the model-
ling literature, are defined as the skills and abilities
of complementing the modelling process purposively
and properly, at which time it is stated that the individ-
ual should be willing in this process (Kaiser & Maal},
2007; Kaiser & Schwarz, 2006; Kaiser, Schwarz &
Tiedemann, 2010; Maal}, 2006). When considered
modelling competencies during modelling process
according to the afore-said definition, the cognitive
frame of modelling comes to the forefront. Because
to define, interpret and explain the approaches of stu-
dents working on modelling tasks in parallel with the
modelling process, the cognitive modelling approach
is seen necessary (Blum, 2011). In the context of this
approach, the cognitive modelling competencies are
discussed in working through the steps of the model-
ling process.

Although the modelling process and its stages are
defined by the researchers according to their per-
spectives, it can be seen that all of them show simi-
larities (Blum & Borromeo Ferri, 2009; Borromeo Fer-
ri, 2006). Since the cognitive viewpoint of modelling
is considered in this study, the cognitive modelling
competencies are regarded as understanding the
problem, simplifying, mathematizing, working math-
ematically, interpreting and validating in the frame of
the Modelling Cycle under a Cognitive Perspective
(Borromeo Ferri, 2006). It is seen there are different
implementations in the literature to enable the devel-
opment of students’ cognitive modelling competen-
cies. While some of them considers the integration
of modelling units into mathematics lessons (Biccard,
2010; Bracke & Geiger, 2011; Ji, 2012; Maa, 2005;
2006), some of them highlights modelling projects
(Blomhoj & Hojgaard Jensen, 2010; Grinewald,
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2012; 2013).

This study aims to reveal the views of the mathemat-
ics teacher conducting a long-term modelling imple-
mentation aiming at the development of sixth grade
students’ cognitive modelling competencies. After
the implementation process, the views regarding the
strategies used for the competency development are
tried to be determined. In addition, strengths and
weaknesses of the implementation process are tried
to be discussed by taking general opinions about the
process. The studies examining the views of mathe-
matics teachers on mathematical modelling discuss
their existing modelling knowledge and the integra-
tion of modelling into teaching (Isik & Mercan, 2015;
Ozdemir & Isik, 2015; Tekin, Hidiroglu, Kula, Bukova
Guzel & Ugurel, 2012; Tekin Dede & Bukova Glizel,
2013). Because the views on the conducted model-
ling implementation and the strategies used for the
development of the students’ cognitive modelling
competencies instead of mathematical modelling
and its integration are revealed, the study is regard-
ed as the first in the literature. In addition, the fact
that the teacher has modelling experience since she
conducted a long term modelling implementation dis-
tinguished this study from others in the literature.

Method

This study is a qualitative study with regards to col-
lecting and analyzing the data with the purpose of
identifying the teacher’s views conducting a model-
ling implementation.

Participants

The participant of the study is a volunteer elementa-
ry mathematics teacher having twelve-year teaching
experience. The teacher, who had a limited knowl-
edge on modelling from different workshops and
seminars, was trained by the first researcher about
modelling process, modelling problems, modelling
implementations and possible modelling approaches
of students. She conducted modelling sequences in
a selective lesson named Mathematics Applications
with sixth graders during seven months. The so-
called sequences were designed with the purpose of
providing modelling experiences for the students who
had no modelling experience and developing their
cognitive modelling competencies. The 7-month im-
plementation was composed of twelve modelling se-
quences developed by the teacher and the research-
ers. After each implementation, the previous one was
evaluated in general terms and the cognitive model-
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ling competencies of the students were examined. In
the examinations at issue, it was determined in which
competencies the students made progress, in which
ones they had troubles and the general problems en-
countered, and the content of next implementation
was decided. In the implementation process of the
modelling sequences, the students were divided into
five working groups and worked on modelling tasks.
While conducting the implementations, the teacher
acted as cognitive coach (Blum & Leif3, 2007; Chan,
2010; Chan & Foong, 2013) when the students were
working on the problems. She asked the questions
to reveal the thought processes of the students and
supported them to work in groups.

Data Collection Tools

An interview was conducted in the end of the imple-
mentation of the modelling sequences. De Marrais
(2004) explains that interview is a conversation pro-
cess including the interviewer and the participant by
focusing on the questions prepared towards the area
to study (cited in Merriam, 2013). There are three
types of interviews according the amount of structur-
ing as structured, semi-structured and unstructured
(Cepni, 2009; Gdller, Halicioglu ve Tasgin, 2013).
Since new questions could appear in the course of
the interview process, the semi-structured interview
was done.

A draft interview form was prepared and it was pre-
sented to a domain expert. The questions to be
asked in the interview took the final form in line with
the views and suggestions of the expert. The ques-
tions are as follows:

1. When you realize your students did not
understand the problem after reading it, how
did you act?

2. When your students told you there was no
information to solve the problem, how did you
respond?

3.  Which mathematical subjects and calculations
did your students prefer more frequently?

4, How did you respond when your students
asked which subjects or calculations they
should use to solve the problem?

5.  How did you treat when your students asked
for help in calculating?

6. Did you warn your students reaching
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unreasonable or inappropriate results in a real
life context? How did you warn them?

7. Did you encourage your students to enable
them to validate their solutions? How?

8. Do you think whether your students’ cognitive
modelling competencies are developed or
not? Please explain.

9. In which cognitive modelling competency did
the maximum development occur? Please
explain.

10. In which cognitive modelling competency did
the most problems occur? Please explain.

11. Please compare the last year's Mathematics
Applications lesson with this year’s.

12. Do you think that you will use modelling
problems in the upcoming years? Please
explain the reasons.

13. If you have a chance to turn back, what would
you change in the implementation process?

Data Analyzing

Before starting the data analysis, the video records
of the interview were transcribed literally. It was ob-
served that the teacher’s answers could be gathered
under certain categories and then the content analy-
sis was utilized to organize those categories. Content
analysis is a research technique for making replica-
ble and valid inferences from texts to the contexts
of their use (Krippendorff, 1980). The answers of the
teacher were examined by each researcher sepa-
rately. They determined basic codes individually and
then came together and compared them. After com-
parisons, the inter-coder reliability formula (Miles &
Huberman, 1994) was used and the reliability was
calculated as 87,5%. So, it was understood the re-
liability was demonstrated. When reaching the con-
sensus, the codes’ names were reviewed and they
were gathered under certain themes by comparing
them constantly. The codes which were formed in
this study and the themes connected to these codes
were given in Table 1.

While presenting the findings of the study, the quo-
tations were included and triple dot (...) was used to
show that irrelevant speech was omitted.

Findings
0003
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As a result of the teacher’s views, seven themes
were determined as Providing the development of
each cognitive modelling competency, Development
of cognitive modelling competencies, Factors con-
tributing the development of the cognitive modelling
competencies, Factors preventing the development
of the cognitive modelling competencies, Implemen-
tation process, Future implementations and Factors
required to be fixed in implementation process. The
first of the so-called themes included the teacher ac-
tions considering providing the development of each
cognitive modelling competency. The relevant ac-
tions were gathered under ten codes as suggesting
rereading the problem, emphasizing the mistakes,
suggesting explaining the problem by someone in
group, promoting in-group discussion, leading to real-
istic thinking, suggesting measuring objects, empha-
sizing to make reasonable assumptions, questioning,
leading to make reasoning and giving examples from
real life (see in Table 1). While the teacher express-
ing her thoughts about providing the development of
understanding the problem competency, used differ-
ent strategies as suggesting her students to reread
the problem, emphasizing the mistakes and explain
the problem to each other.

Researcher ~ When you realize your students did not
understand the problem after reading it,
how did you act?

Teacher | told them to reread the problem. | em-

phasized their mistakes if any. | asked
them to explain the problem to each oth-
er.

The teacher led the students to realistic thinking, sug-
gested measuring objects and emphasizing to make
reasonable assumptions to enable the development
of simplifying competency.

Researcher When your students told you there was
no information to solve the problem,
how did you respond?

Teacher The problems were generally from the

real life. | told them to think about the
problem reasonably. ... | told them to
carry out measurements in some prob-
lems. They started to measure each
other’s arms, foots, etc. They started
to measure floor tiles. They regarded
to perform measurements about the
problem. ... Then they tried to make
reasonable assumptions.
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Before asking the teacher what her thoughts were
regarding the development of the competencies of
mathematizing and working mathematically, it was
tried to reveal previously which mathematical subject
the students used. After that, she explained that they
should arrived decisions into their groups and led
them to make reasoning and questioning when they
asked her help about which mathematical subjects
they should use or how they should make calcula-
tions.

Researcher | Which mathematical subjects and cal-
culations did your students prefer more

frequently?

Addition, subtraction, multiplication and
division. Afterwards they started to use
ratio and proportion. They already didn’t
know any other subjects. They utilized
everything they knew. .... The subjects
they have learned up to now are about
four operations. So they think that they
solved every problem by using four op-
erations. They already did.

How did you respond when your stu-
dents asked which subjects or calcula-
tions they should use to solve the prob-
lem?

I let them alone. | told them arriving de-
cisions by discussing in their groups. If |
had great difficulty, | tried to guide them
by asking questions.

How did you treat when your students
asked for help in calculating?

Teacher

Researcher

Teacher

Researcher

Teacher | told them again they should solve prob-
lem in their groups. | led them by asking
questions if needed. But | avoided from
giving answers directly in general. | tried
to provide them to find answers by them-

selves.

When examining the teacher’s views about the de-
velopment of the interpreting competency, it was
seen she preferred to make the students to question
the reasonableness of solutions and asked questions
to them.

Researcher | Did you warn your students reaching
unreasonable or inappropriate results
in a real life context? How did you warn

them?
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Teacher

When | examined their solutions, | asked
them whether the solutions were rea-
sonable or not. For example, Blue Team
[one of the groups] insisted on one of
their solutions although they reached an
unreasonable result about the area of
the kitchen. Moreover Fikirmatik [anoth-
er group] wanted that they considered
the man’s height as a dwarf’s height.
They took a man’s height as 30 cm or
something else. Apart from these, one
of the groups considered approximate
woman height as 160 cm, other group
took it as 180 cm in the Straw Bale prob-
lem. | asked them to question whether
an approximate woman’s height could
be 180 cm or not. | asked them whether
it was reasonable or not.

She expressed that she tried to make her students
to question the appropriateness of the solutions, she
asked questions and gave examples from real life to
enable the validation of solutions.

Researcher | Did you encourage your students to en-
able them to validate their solutions?
How?

Teacher | only asked them whether they were

reasonable or not. Is there a person in
this height in your opinion? Is there a
kitchen like that in your opinion? Do you
live in a mansion? | asked questions like
that.

When the views were examined in the context of
the second theme named Development of cognitive
modelling competencies, two codes were identified
as general ideas and individual development (see

in Table 1).

Under the code of general ideas, the

teacher expressed most groups’ cognitive modelling
competencies were developed and interpreted this
development in general terms. While she stated the
students developed their mathematizing, working
mathematically and simplifying competencies most-
ly, they had difficulties in interpreting and validating.

Researcher

Do you think whether your students’ cog-
nitive modelling competencies are devel-
oped or not? Please explain.

AJERR: http://escipub.com/ajerr/

Teacher

Surely they developed. Not all of them
but most of them. ... Our students gener-
ally follow a path like that: They read the
problem, they immediately started to cal-
culate something without understanding
or interpreting the problem or thinking
on givens and goals or simplifying. They
used multiplication, subtraction, multi-
plication, division and used numerical
values given in the problem accidental-
ly. But in the implementation, they tried
to understand the problem afterwards.
They started to discuss what they should
do. In this sense, this [implementation]
has become very useful aimed at read-
ing comprehension. There was a huge
development in making assumptions.
Some of them tried to question whether
their solution was reasonable or not in
the interpretation stage.

Researcher

In which cognitive modelling competen-
cy did the maximum development oc-
cur? Please explain.

Teacher

I think, mathematizing. ... Also work-
ing mathematically. In addition, their
solutions were developed quietly.
They initially had difficulties in making
assumptions in simplifying. Because
making assumptions is really unusual
situation for them. Then [...] they start-
ed to make assumptions appropriate to
the problem.

Researcher

In which cognitive modelling competen-
cy did the most problems occur? Please
explain.

Teacher

In the last competencies, they had trou-
bles in interpreting and validating. Much
time was needed to pass for them to
display approaches in the context of
interpreting and validating. In the last
implementations, they respectively in-
terpreted and validated the solutions.

The teacher also mentioned individual development
under the code of general ideas and stated even the
low-achievement and lazy students made progress.
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Teacher ... There is also individual progress. For
example ilker from Blue Team or some
pupils from Brainboxes. Erdem told me
that his mathematics grade raised during
this implementation. | mean, there is a
significant progress individually and as a
group. | think group working is really af-
fective in this process. ... Our 6" graders’
achievement is not much. | had troubles
with some of the students last year and
| told them not to select the lesson this
year. For example, | didn’t want Kayra to
come the lesson. But | can say now, he
selected the lesson fortunately. He made
a huge progress. Also | told Batuhan not
to select but he made a huge progress
too. They surprised me.

There appeared four codes as increasing the variable
number, recognizing modelling process, considering
real life and having experience in modelling under
the third theme named Factors contributing the de-
velopment of cognitive modelling competencies (see
in Table 1).

Teacher Their initial models were extremely sim-
ple. They started to construct models by
considering more variables in the last
implementations. They became profes-
sional. ... There is progress in solutions
too. ... They had difficulties initially. Then
they understand how to solve modelling
problems due to our guidance. They es-
pecially solved problems better after we
told them the stages of the modelling
process and asked them to solve the
problems according to the stages. They
made progress to some extent until that
time then they advanced much more.
... They understood how to make as-
sumptions and made assumptions more
appropriate to the real life and problem
situation.

The teacher stated her thoughts as not considering
the solution in real life context, not checking the cal-
culations, willing to reach the result as soon as pos-
sible and thinking that the solution process is com-
pleted when reaching the numerical result under
four codes in the frame of the Factors preventing the
development of cognitive modelling competencies in
other words fourth theme (see in Table 1).
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Teacher They had not investigated what the re-
sults meant. Because there was no in-
terpretation, they hadn’t already validat-
ed the results. In the simplest term, they
didn’t control their calculations initially.
They thought that the process was over
when they reached any numerical val-
ue. After that, when we asked them to
question what their solutions meant es-
pecially in the last implementations, they
checked the solutions’ reasonableness
and accuracy. Then there happened
quite change.

When she compared the implementation with the
previous year’s Mathematics Applications lesson,
she expressed their thoughts under four codes as
making a contribution to professional development,
using appropriate problems for students, considering
appropriateness to real life and motivating students
in the context of the theme named Implementation
process (see in Table 1).

Researcher | Please compare the last year’s Math-
ematics Applications lesson with this
year’s.

Teacher ... This study made a significant contri-

bution to my professional development.
The pupils were more active this year.
| wasn’t pleased with the book of Math-
ematics Applications lesson last year.
These problems implemented in the
study were more advisable and suitable
for the students. ... The problems were
examples of the ones which were more
understandable by the students and
concretize mathematics. In this sense, it
[this year’s] was better and more beau-
tiful. ... We distributed papers on which
the problems from textbook were written
to the students last year and gave them
one-lesson duration to solve them. In the
second lesson, we solved the problems
as teachers. There were really though
problems in the book. None of the chil-
dren was volunteered to solve the prob-
lem on the board. They were only 5th
graders and just knew addition in natural
numbers. We called them to the board
and asked them to decide which fuel
was more profitable. But they required
knowing ratio and proportion and 5th
graders hadn’t learned it yet. This im-
plementation was more effective in this
sense.
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The theme named Future Implementations were com-
prised of four codes as considering classroom size,
using tasks appropriate to student level, preferring
individual work and using mathematical modelling in
also mathematics lesson (see in Table 1). When ex-
amined the teacher’s views regarding the usage of
mathematical modelling in next years’ Mathematics
Applications lesson, it was seen that she expressed
she could realize implementations providing that the
classroom size was less, she chose tasks appropri-
ate to the student level and she preferred individual
implementations instead of group work. Moreover
she stated she would spare time for mathematical
modelling in mathematics lessons as well as Mathe-
matics Applications.

Researcher | Do you think that you will use modelling
problems in the upcoming years? Please
explain.

Teacher If there are fewer students in Mathemat-

ics Applications, | will implement mod-
elling problems on my own easily. I'm
sure it will be useful. But if there is too
crowded class, | will be unable to car-
ry through. | think we overcame lots of
difficulties because we worked together.
Because there were fighting students,
misbehaving children, being cross for a
while with his group member or the stu-
dents who didn’t want to solve the prob-
lem. We were obliged to cope with differ-
ent problems week by week. If there is a
crowded class in the future, | can ignore
others while tackling with the groups hav-
ing problems. Now | am trying to prepare
a plan because | will teach 5th graders in
the next year. I'm planning to implement
modelling problems in 5th graders both
in Mathematics Applications and math-
ematics lessons. I'm thinking on which
problems | will implement. | will definitely
implement modelling but this implemen-
tation may not be as a group work. It will
be individual.

Finally the theme named Factors required to be fixed
in the implementation process was comprised of four
codes as predetermining classroom rules, planning
seating arrangement, having more time for solution
presentations and having time for discussing solu-
tions after presentations (see in Table 1). The teach-
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er told that she would firstly determine the classroom
rules, change the seating arrangement, enable the
students to be more active in presentations of solu-
tions and support them to revise their solutions after
presentations.

Researcher | If you have a chance to turn back, what
would you change in the implementation
process?

Teacher Firstly, | would determine the classroom

rules from the beginning. | would ar-
range the classroom as U-type enabling
the center of the classroom will be emp-
ty. There is need to organize the presen-
tations. We could spare too little time to
presentations. The presentations were
done in a hurry and so they could not
present their solutions effectively. In ad-
dition, | would spare nearly 5 minutes for
them to discuss solutions and to revise
if needed.

Discussion and Results

The certain strategies are used by the teacher in
this study aiming at revealing the views regarding
the development of the students’ cognitive modelling
competencies and the implementation process. It
was seen that she dwelled on the general strategies
by suggesting rereading the problem, emphasizing
the students’ mistakes, promoting in-group discus-
sion, questioning and leading to make reasoning to
enable the development of the cognitive modelling
competencies. Besides, she emphasized the rela-
tionship between mathematical modelling and real
life by using the strategies such as leading them to
realistic thinking, suggesting measuring the objects
in the class and giving examples from real life. Blum
and Borromeo Ferri (2009) and Kaiser, Schwarz and
Tiedemann (2010) indicate that students can have
difficulties in modelling and cannot display suitable
modelling behaviors because of the connection be-
tween mathematical modelling and real life. In this
context, the so-called strategies both prevented the
difficulties originated from real life and provided the
development of cognitive modelling competencies.
The students simplifying the problem in the modelling
process are required to make realistic assumptions
and these assumptions affect the modelling process
directly (Borromeo Ferri, 2006). For the teacher to
encourage the students in making realistic and rea-
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sonable assumptions was related to the development
of the simplifying competency and also ensured that
the students succeeded in the whole modelling pro-
cess. When the views were regarded in general, she
emphasized the existence of the development of
cognitive modelling competencies.

The fact that the students constructed mathematical
models including the more variables and considered
the real life more were the leading among the factors
contributing the development of the cognitive mod-
elling competencies. In addition, the teacher stat-
ed that the students could contribute their cognitive
modelling competencies because of having experi-
enced in the modelling process. The relevant finding
showed parallelism with the judgement of the fact that
the modelling experience had positive impact on the
development of the cognitive modelling competen-
cies (Biccard, 2010; Ji, 2012; Kaiser & Maal}, 2007;
Maald, 2006). The introduction of modelling process
during the implementation influenced positively the
so-called development. Similarly, Kaiser and Maal}
(2007), Maald (2006), and Kaiser, Schwarz and Tie-
demann (2010) indicate that the knowledge on mod-
elling process supports the development of the cogni-
tive modelling competencies. The teacher explained
that for the students not to consider the numerical
solutions in the context of real life, not to check the
calculations, to tend to finish the solution process im-
mediately and to think the solution process was over
when they reached the numerical result influenced
the competency development negatively. But the
statements were regarding the initial implementation
and those factors were removed in the end of the im-
plementations.

When considered the views about the implementa-
tion process, she indicated that the implementation
process contributed her professional development,
the problems appropriate to the students’ interest
and levels were used during the implementation, real
life was considered and the implementation motivat-
ed the students. In addition, providing that the class-
room size would be less, she stated that she would
continue to perform modelling implementation and in
this process she remarked to prefer the problems ap-
propriate to the student level and prioritizing the indi-
vidual work. She also explained that she would utilize
modelling problems in regular mathematics lessons
as well as Mathematics Applications. Some factors
needed to be fixed according to the teachers’ expe-
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riences in the implementation came to the forefront.
She indicated that predetermining the class rules in
an attempt to prevent possible indiscipline, changing
the classroom arrangement, sparing more time for
group presentations after solution process and dis-
cussing the solutions after presentations were the
factors to be revised.

It is thought that the strategies used by the teacher
to provide the development of the cognitive model-
ling competencies can be varied through different im-
plementations and the studies discussing especially
those strategies can be conducted. It is suggested
for researchers and teachers to design the modelling
implementations effectively by using the emerged
factors in the study and the new factors to be gained
in the future studies.
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Table 1. The themes and codes

Theme 1: Providing the development of each cognitive modelling competency
Code 1.1: Suggesting rereading the problem
Code 1.2: Emphasizing the mistakes
Code 1.3: Suggesting explaining the problem by someone in group
Code 1.4: Promoting in-group discussion
Code 1.5: Leading to realistic thinking
Code 1.6: Suggesting measuring objects
Code 1.7: Emphasizing to make reasonable assumptions
Code 1.8: Questioning
Code 1.9: Leading to make reasoning
Code 1.10: Giving examples from real life

Theme 2: Development of cognitive modelling competencies
Code 2.1: General ideas
Code 2.2: Individual development

Theme 3: Factors contributing the development of cognitive modelling competencies
Code 3.1: Increasing the variable number
Code 3.2: Recognizing modelling process
Code 3.3: Considering real life
Code 3.4: Having experience in modelling

Theme 4: Factors preventing the development of cognitive modelling competencies
Code 4.1: Not considering the solution in real life context
Code 4.2: Not checking the calculations
Code 4.3: Willing to reach the result as soon as possible
Code 4.4: Thinking that the solution process is completed when reaching the numerical result

Theme 5: Implementation process
Code 5.1: Making a contribution to professional development
Code 5.2: Using appropriate problems for students
Code 5.3: Considering appropriateness to real life
Code 5.4: Motivating students

Theme 6: Future implementations
Code 6.1: Considering classroom size
Code 6.2: Using tasks appropriate to student level
Code 6.3: Preferring individual
Code 6.4: Using mathematical modelling in also mathematics lesson

Theme 7: Factors required to be fixed in the implementation process
Code 7.1: Predetermining classroom rules
Code 7.2: Planning seating arrangement
Code 7.3: Having more time for solution presentations
Code 7.4: Having time for discussing solutions after presentations
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