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Abstract:

The purpose of this study is to reveal the cognitive modelling skills of 6th grade
students after a long term modelling implementation. The cognitive modelling skills are
regarded as understanding the problem, simplifying, mathematising, working
mathematically, interpreting and validating. Seven-month modelling sequences were
designed and conducted, and the first and last implementations were particularly
examined in the study. The participants were four students, while the data collection
tools were solution papers for two different modelling problems in the implementations
and transcriptions of the video records concerning the solution and solution
presentation processes. When the data were analysed through a rubric and presented
descriptively, it was seen that a development was revealed in cognitive modelling skills
from noviciate to expertness. In other words, the students displayed richer approaches

in the context of each cognitive modelling skill in the last implementation.

Keywords: mathematical modelling, cognitive modelling skill, cognitive perspective,

novice modeller, expert modeller
1. Introduction

Mathematical modelling is utilised more in schools in line with the increase in the
importance of mathematical modelling in curricula of different countries since 1980s. In
the educational discussions, responses are sought for the question of how mathematical
modelling and its applications will be integrated into daily school classes (Maa[3, 2006).
The applications in which students can display their modelling skills by ensuring the
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integration in question gains importance. Modelling skills are defined as the skills and
abilities of completing the modelling process purposively and properly, where the
individual should be willing in this process (Kaiser & Maaf3, 2007; Kaiser & Schwarz,
2006; Maaf3, 2006). Besides this, modelling capability is defined as passing through the
steps of the modelling process independently (Blomhoj & Jensen, 2003) and displaying
different approaches at different steps (Blomhoj & Kjeldsen, 2006). When the definitions
quite similar to ones above and those in the literature are examined regarding
modelling skills, it is noted that the modelling process is made to come to forefront in
each of them. In order to define, interpret and explain what is going on in the minds of
students working on the modelling process, the cognitive viewpoint of modelling is
expressed to be necessary (Blum, 2011). The modelling skills dealt with in parallel to the
steps of the modelling process are thought to be considered as cognitive modelling
skills.

Developing modelling skills is among the stated objectives of mathematics
teaching (Blum, 2011; Kaiser, 2007). Accordingly, in the study, it is aimed to ensure the
development of cognitive modelling skills of students who have no modelling
experience through modelling applications. In this context, in order to find responses to
the question of how such development will be achieved, firstly studies in the literature
were examined and a long term modelling application was decided to be carried out.
Therefore, the purpose of this study is to reveal 6th grade students’ cognitive modelling
skills after experiences modelling sequences. In other words, we aimed to find an
answer to the question whether 6th grade students who are novices in modelling

become experts through modelling applications.
Theoretical Framework and Related Studies

As the study dealt with the cognitive aspect of modelling, the contextual framework of
the study was chosen as Modelling Cycle under a Cognitive Perspective (see Figure 1),
which Borromeo Ferri (2006) reconstructed in cognitive sense by examining different
modelling cycles. Cognitive modelling skills are considered as understanding the
problem, simplifying, mathematising, working mathematically, interpreting and
validating according to this framework. This framework is utilised in collecting and

analysing the data, and interpreting the results of the analysis.
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Figure 1: Modelling Cycle under a Cognitive Perspective (Borromeo Ferri, 2006)

When studies in the literature are examined, it is evident that having modelling
experience can influence students” modelling behaviours. The studies particularly
including long term modelling applications enabled development in modelling. In the
tirst of the studies mentioned above, Maaf3 (2005; 2006) developed modelling units and
integrated them into classes, and examined the students” progress in modelling skills. In
another study, Biccard (2010) revealed 7th graders’” modelling skills at the end of 12
weeks of modelling applications. In the KOM project considering mathematical skills as
a tool for improving mathematics education, the researchers used students’ project
work directly to achieve improvement of mathematical modelling skills (Blomhoj &
Hojgaard Jensen, 2010). Bracke and Geiger (2011) integrated mathematical modelling
into mathematics classes on a regular basis and revealed that integration had a positive
effect on students’ modelling behaviours. In another study, Ji (2012) compared the
modelling abilities of students who were experienced or inexperienced in modelling.
Griinewald (2012; 2013) investigated promotion of modelling skills in 9th grade
students in her studies in a 5-month modelling project.

Although the studies with students on different levels are observed to have been
carried out regarding mathematical modelling practices since 2010 in Turkey, most of
these cannot go beyond implementation of a few modelling tasks. There are rarely any
studies in the national literature featuring long term modelling applications. For
example, in one of the studies, Bukova Giizel (2011) examined pre-service mathematics
teachers’” behaviours in constructing and solving mathematical modelling problems
during a college course in the faculty of education for a semester.

Considering this study’s purpose, it is thought to contribute to both the national
and international literature. In the national perspective, it differs from others because of
the terms of enabling novice students to be experts in modelling by a long term

modelling application. Considering it in its international aspect, students’ levels, socio
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cultural situations, implemented modelling tasks and their effects on their modelling

behaviours will present a novel point of view.

Method

This study concentrates on the first and last implementations of a long term modelling
implementation to reveal the development of students” cognitive modelling skills and it

is conducted as a qualitative study.

Process

Because the volunteer mathematics teacher did not have any information about
mathematical modelling and its instruction, she was given a seminar featuring
mathematical modelling, modelling tasks and possible solution approaches. It was
decided to conduct the study in Mathematics Applications, an elective course. This
course was chosen because it is an elective course which partly includes real life
problems in the textbooks (MNE, 2012a; 2012b).

The 7-month implementation comprised twelve modelling sequences developed
by the teacher and the researcher. After the implementation of each sequence, they held
an assessment and planning meeting. At these meetings, transcripts of the video
records of the previous implementation were examined and cognitive modelling skills
of the students were evaluated in general terms. In the evaluations of issues, the skills
where the students made progress, ones where they had problems and the general
problems encountered were determined, and the content of the next sequence was
decided. When the purposes of the sequences were enabling engagement in different
modelling tasks in initial implementations, they concentrated on the definite cognitive
modelling skill in the following ones. In the implementations, the researcher and the
teacher acted as cognitive coaches (Blum & Leif3, 2007; Chan, 2010; Chan & Foong, 2013)
when the students were working on the problems, and they asked the questions
considered to be revealing the thought processes of the students. This study
investigated the first and the last part of the modelling sequences. In both
implementations, the groups presented their solution approaches to their classmates
after the solution process was done. All groups explained their solutions in a couple of

minutes and other groups asked questions if any.

Participants
The study was conducted with twenty three sixth grade students who registered for the

course. The studies in the literature show that working collaboratively in modelling
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&UHDWLYH &RPPRQV OLFHQVLQJ WHUPYV

$XWKRU V ZLOO UHWDLQ WKH FRS\ULJKW Rl WKHLU SXEOLVKHG DUWLFOHYV DJUHHLQJ WKDW D &UHDWLY
ZLOO EH DSSOLHG WR WKHLU ZRUN 8QGHU WKH WHUPV RI WKLV OLFHQVH QR SHUPLVVLRQ LV UHTXLUH
WR FRS\ GLVWULEXWH WUDQVPLW RU DGDSW WKH DUWLFOH FRQWHQW SURYLGLQJ D SURSHU SURPLC
PDNHV FOHDU WKDW WKH PDWHULDOV DUH EHLQJ UHXVHG XQGHU SHUPLVVLRQ RI D &UHDWLYH &RPPRQ
UHVHDUFK DUWLFOH DUH YLHZV RSLQLRQV DQG FRQFOXVLRQV RI WKH DXWKRU V 2SHQ $FFHVV 3XEOL
QRW EH UHVSRQVLEOH RU DQVZHUDEOH IRU DQ\ ORVV GDPDJH RU OLDELOLW\ FDXVHG LQ UHODWLRQ
LQDSSURSULDWH RU LQDFFXUDWH XVH RI DQ\ NLQG FRQWHQW UHODWHG RU LQWHJUDWHG LQWR WKH U}
3XEOLVKLQJ UHTXLUHPHQWY DQG FDQ EH IUHHO\ DFFHVVHG VKDUHG PRGLILHG GLVWULEXWHG DQG X\
XQGHYUBDWLYH &RPPRQV $WWULEXWLRQ .QWHUQDWLRQDO /LFHQVH && %<
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